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Under white -room conditions, A. S. 

Katz, Project Engineer, and H. R. 

Warren, Mgr., Magnetic Recording 

Design and Development, both of 
the DEP Communications Systems 

Division. Camden, examine a min- 

iature digital recorder designed for 
the GEMINI two -man space cap- 

sule shown in the inset. (Cover art 

directior, Jock Porvin. Background 

photo, Rodman Allen. Inset photo 

courtesy McDonnell Aircraft Corp.) 

Magnetic Recording 
In the late 30's, I was assigned my first magnetic recording project by E. W. 
Kellogg. Because of the high carbon content and hence supposedly superior 
magnetic properties, a steel ribbon 1/8 inch wide, imported from Sweden, was 
used. This was not the beginning of magnetic recording within RCA, for I recall 
"Doc" Kellogg relating his experiences at the first RCA laboratory (a field 
installation at Riverhead, Long Island, in 1919 when RCA was being formed) 
and his efforts in magnetically recording wireless signals on wire. Needless to 
say, the results with the steel tape were not outstanding. I believe, however, this 
effort heralded RCA's entry into the magnetic recording field, as it was the begin- 
ning of the Corporation's continuously increasing developmental program on 
magnetic recording. 

With the introduction of plastic -base magnetic tape in the late 40's, magnetic 
recording came into its own. Using AC instead of DC bias, the results were quite 
outstanding. Within a short period of time, magnetic tape replaced the lacquer 
disk for broadcast recording. Shortly thereafter, it became a standard medium 
for recording the original sessions for phonograph records. Of commercial sig- 
nificance, too, was the introduction of a magnetic stripe on the photograph film 
for sound recording. 

The results obtained in audio recording so well demonstrated the capabilities 
of magnetic recording that industry soon began to utilize it for other purposes. 
That the uses are many and varied is well illustrated by the articles that appear 
in this issue. Improvements in tape, magnetic heads, equipment, and techniques 
have resulted in the application of magnetic recording to many projects where 
the chance of success seemed highly improbable in the beginning. Further 
improvements are forthcoming, and the RCA Victor Record Division's recent 
entry into the tape manufacturing field is just another step towards advancement 
and strengthening of RCA's position in the whole magnetic recording field. 

*-ENT/d) 
H. E. Roys 

Chief Engineer 
RCA Victor Record Division 
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But I'm not going to take with me any written reports about 
our work on guided missile power plants. It's all in my head. I'm 
merely going to tell Bill Smith about it when I get to Europe, and 
Bill is an RCA employee." 
"Sorry, you can't do that without a State Department license. It 
would be a violation of the Mutual Security Act of 1954 (22 

U.S.C.A. 1934, the maximum penalty for which is a fine of 

$25,000 and two years imprisonment." 

"No, it hasn't been published yet, but the work our group is 

doing in pulsed -laser radar is well known in this country and in 

Canada. We have even given talks about it here. So why can't I 

talk to Professor Jones of Cambridge University about it when 

he comes to visit me at Camden next month ?" 
"Sorry, if you do that without a license from the Office of Export 
Control, Bureau of International Commerce, you will have 
violated the Export Control Act of 1949 (50 U.S.C.A. App. 2021). 
The maximum penalty is $10,000 and one year imprisonment. 

THESE two hypothetical cases were purposely picked to 

show how far -reaching are the laws and regulations 
that govern the exportation of technical data, and how 

LEGAL RESTRAINTS 

ON THE 

EXPORTATION OF 

TECHNICAL DATA 

C. E. YATES, Counsel 

RCA Laboratories, Princeton, N. J. 

important it is that each engineer be informed of the 
legal limitations. 

For simplicity, let me start by defining the area that 
this article is intended to cover. First of all, negatively, 
the exportation of Government- classified technical data 
will not be treated here. That calls for separate additional 
safeguards of which most of us are aware. 

Second, I will not write about special clearances re- 
quired by the DOD, AEC. NASA, or any other Govern- 
ment department or agency pursuant to the express provi- 
sions of a Government contract. Suffice it to say that such 
clearances must be separately obtained if required by 
contract with the particular department or agency. The 
engineer should, in any such case, check with the appro- 
priate Government Contract Administrator in his own 
RCA division. 
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Third, there is the subject of the exportation of com- 
modities, viz., materials, devices, components, apparatus, 
etc. This is another area that I will not attempt to cover 
in this article. Under the Mutual Security Act there is a 

list of "Arms, Ammunition and Implements of War" 
(known as the "Munitions List" I specified in a regulation 
issued by the Department of State entitled "International 
Traffic in Arms" which may not be exported without a 

specific license. Don't be misled by the caption. "Arms, 
Ammunition and Implements of War ", because the list 
includes many components and parts specifically designed 
for use in military weapons but usable in commercial 
items. In addition, under the Export Control Act, there is 

a "Positive List" of chemicals, metals, wood, glass, petro- 
leum products, scientific instruments, machinery, appara- 
tus, etc. which may not be exported without a specific 
license unless covered by a general license known as 
"General License GLV ". Don't assume that you can carry 
into a foreign country in your pocket even a minute sam- 

ple of experimental material without serious risk to RCA 
and to you. Consult the responsible RCA International 
Division representative about obtaining any necessary 
licenses and shipping the material. 

So, to sum up the coverage of this article, its objective 
will be to touch on some of the highlights of the expor- 
tation of unclassified technical data as controlled by the 
Mutual Security Act of 1954, the Export Control Act of 

1949, and lastly, though not mentioned above, the Patent 
Act (35 U.S.C.A. 1) . 

Because of the complexities involved in the interpreta- 
tion and application of the various laws to the exportation 
of technical data, no attempt will be made here to cover 

all the ramifications, nor even to spell out the guidelines 
in sufficient detail to enable the individual engineer to 

make his own determination as to what can or cannot be 
exported without a specific license. In fact, the desirabil- 
ity of frequent consultations with RCA Law Department 
personnel merits particular emphasis. 

Before we come down to the specific controls, we should 
understand that exportation is a very broad term. It 
covers the release of technical data for use outside the 
United States (except that any release to Canada is not 
considered exportation in the regulations issued under the 
first two laws mentioned above) . Exportation includes not 
only actual shipment, by mail or in person, out of the 
United States, but the furnishing of data in the .United 
States to persons with the knowledge or intention that the 
persons to whom they are furnished will take such data 
out of the United States. The term embraces oral, visual, 
and written releases. and includes releases of technical 
data: 

1) to foreign visitors to RCA plants, laboratories or 
offices in the United States (including such visitors 
even if they are employees of one of RCA's foreign 
subsidiaries, such as those in Zurich and Tokyo), 

2) to aliens employed at any RCA location in the 
United States either temporarily or under an ex- 

change visitor program or other similar basis, 

3) by RCA employees while abroad, and 
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4) by participation in conferences or symposia where 
aliens are present. 

Also, while Canada is specifically excluded from the 
above definition, technical data may not be exported to 
Canada with the knowledge or intention that they will be 
re- exported or transhipped to some other foreign country. 

MUTUAL SECURITY ACT OF 1954 

Regulations hereunder are issued and administered by the 
Department of State and cover the exportation of techni- 
cal data "relating to the articles designated ... as arms, 
ammunition, and implements of war ". 

Technical data are defined as "any professional, scien- 
tific or technical information relating to arms, ammuni- 
tion, and implements of war, including but not limited to, 
any model, design, photographic negative, document or 
any other thing containing a plan, specification or de- 
scriptive information of any kind ". 

No such technical data may be exported without a spe- 
cific State Department license unless they fall in one of 
the following six exemption categories (but even if such 
data do qualify for one of these exemptions, they still 
may not be exported, without a license, to the Soviet 
Union, Soviet bloc countries, Communist China, North 
Korea, any of the territories of Viet -Nam which are under 
de facto control of the Communists, or any other area that 
may come under Communist control) : 

1) Technical data in published form and available for 
public dissemination. 

2) Technical data already reviewed and approved for 
public release by an authorized agency of the De- 
partment of Defense. 

J 

3) Technical data exported pursuant to a Government - 
approved manufacturing license or technical assist- 
ance agreement. 

4) Technical data exported pursuant to a Government 
contract specifically calling for the transmission of 
the data. 

5) Certain technical data relating to firearms not in 
excess of caliber .50. 

6) Technical data relative to sales bulletins, opera- 
tional maintenance manuals, and sales promotion 
manuals covering equipment, where exportation of 
the equipment itself has been authorized, including 
additional copies of any such items previously ap- 
proved for export. 

EXPORT CONTROL ACT OF 1949 

Regulations hereunder are issued and administered by the 
Office of Export Control, Bureau of International Com- 
merce, of the Department of Commerce, and cover tech- 
nical data relative to everything exportable excepting 
arms, ammunition and implements of war, gold, narcotics, 
nuclear material and facilities for its production or utili- 
zation, vessels (except for scrapping), natural gas, elec- 
tric energy, and tobacco seed and plants. Here we should 
note particularly that, unlike the State Department regu- 
lations governing arms, ammunition and implements of 
war, the Export Control regulations must be complied 
with in order to export technical data even though such 
data have been approved for public release by the Depart- 
ment of Defense. The definition of technical data in the 
Export Control regulations is substantially similar to the 
State Department's definition above and need not be re- 
peated here. 

No such technical data subject to Export Control regu- 
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lations may be exported without a license, either a "vali- 
dated license" from the Office of Export Control for which 
written application must be filed and which authorizes the 
specific exportation applied for, or a "general license ". 
Three of these general licenses are worth describing here, 
because much technical data may be exported under gen- 
eral license without application to the Office of Export 
Control or any other formality; actually, they are exemp- 
tions written into the regulations. 

General License GTDP (General Technical Data Published) 

This license permits the exportation of technical data gen- 
erally available in published form, i.e., by definition: 

1) sold at newsstands or bookstores; 

2) available by subscription or purchase without re- 

strictions to any person or available without cost to 

any person; 

3) granted second class mailing privileges by the 
United States Government; or 

4) freely available at public libraries. 

Of course, any such published data may be freely talked 
about and, in contrast to the corresponding exemption in 
the State Department's regulations relative to technical 
data on arms, ammunition and implements of war, the 
exportation of GTDP -licensed data may be extended to 
any part of the world, including the Soviet Union and the 
Soviet bloc. 

G aI License GTDS (General Technical Data Scientific) 

This license permits the exportation to any part of the 
world of unpublished unclassified technical data provided 
they are scientific (i.e., in the area of science as distin- 
guished from technology, or comprising the results of fun- 
damental research rather than applications to materials, 
devices, apparatus, systems, etc.) or educational data. In 
particular, such data must not "directly and significantly 
relate to design, production and utilization in industrial 
processes ". 

General License GTDU (General Technical Data Unpublished) 

This license is available in cases where the technical data 
to be exported are neither generally available in pub- 
lished form (GTDP) nor scientific or educational data 
(GTDS). However, this license is much more restrictive 
than either GTDP or GTDS. 

In the first place, it is good only for export to friendly 
countries (i.e., excluding the so- called "Subgroup A" 
countries, and Poland and Cuba). 

Secondly, technical data relating to such items as civil 
aircraft and components, electrical and electronic instru- 
ments specially designed for testing or calibrating air- 
borne direction finding, navigational and radar equipment, 
airborne transmitters and receivers and transceivers, air- 
borne direction finding equipment, and airborne electronic 
navigation apparatus and airborne radar equipment may 
not be exported under General License GTDU. 

Thirdly, if the technical data to be exported consist of 
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or include "advanced developments, technology, and pro- 
duction know -how" or "prototypes" or "special installa- 
tions" (not including, however, advertising catalogs or 
pamphlets, sales technical data, or maintenance, repair 
and operating data) which have "significance to the com- 

mon security and defense of the United States ", they may 

not be exported under General License GTDU. 

PATENT ACT (EFFECTIVE JANUARY 1, 1953) 

Section 184 of the Patent Act provides that, in the ab- 

sence of a license from the Commissioner of Patents, no 

person shall "file or cause or authorize to be filed in any 
foreign country prior to six months after filing in the 
United States any application for patent or for the regis- 
tration of a utility model, industrial design, or model in 
respect of an invention made in this country ". This is the 
third and last of the three important laws imposing re- 

strictions on the exportation of technical data. 
The purpose of the six -month time interval is to give 

the Commissioner of Patents an opportunity to check with 
the Department of Defense and other departments or 
agencies of the Government to determine if the publica- 
tion or disclosure of the invention by the granting of a 

patent would be detrimental to the national security. If 
such detriment could be caused, the Commissioner then 
issues a Secrecy Order, and the application is "sealed" 
and cannot mature into a patent until the Secrecy Order 
is rescinded. 

Before "exporting" any technical data about an RCA 
invention, whether it be an invention made by you or one 
conceived by another RCA employee, it is important that 
you check with the Law Department to be sure 1) that 
there is no Secrecy Order issued and still outstanding 
with respect to the patent application, and 2) that, if a 

patent application has not yet been filed (or if the period 
of six months from the United States filing date has not 

yet expired) , a determination can be made as to whether 
the invention is one having significance to the national 
security. 

THE ROLE OF RCA INTERNATIONAL 

A final note of caution concerns the role of the RCA 
International Division in the exportation of technical data. 
RCA's foreign licensees under "technical aid" license 
agreements are entitled to certain technical data as de- 

fined in the respective agreements. The International Divi- 

sion representative at your location (or the Manager, 
Licensee Services, RCA International Division, at Camden, 
Harrison, Indianapolis, or New York) is aware not only 
of the various export control restrictions but also of the 
contract provisions which spell out what technical data 
the particular licensees are entitled to receive. The re- 

sponsibility for exporting technical data to foreign licen- 
sees who are entitled to receive them lies with personnel 
in the International Division. Thus, the RCA engineer 
should not, on his own, export technical data to a foreign 
licensee unless requested or authorized by someone in the 
License Operations Division of RCA International. 
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ENGINEERING 
TAPE PRODUCTS AND SYSTEMS - 

A COMPANY -WIDE PROGRAM 

The importance of magnetic tape devices and systems to RCA'S product 
line and the need to apply the full resources of our research, development, 
and product- design organizations to the technical problems of these machines 
led to a corporate -wide "Tape Systems Symposium" in early 1962. Papers 
were presented on data processing, video recording, magnetic tape, and 
magnetic pickup heads, as well as theoretical considerations for system 
optimization. Participation included technical representation from the RCA 
Laboratories, and the applied research and design groups of the DEP, EDP, 
Broadcast, and Record Divisions. The focusing of attention on the cohesive 
and common features of such diverse and extensive technology served as an 
impetus for the collection of papers in this present issue. (The content of the 
papers herein has, of course, been updated consistent with new developments 
in the field since the symposium.) As an introduction, this paper summarizes RCA 
efforts in this field and includes a tabulation of the technical characteristics of 
specific RCA equipment. Details on much of this work are presented in the 
papers that follow. 

H. KIHN, Staff Engineer 
Research and Engineering, Princeton, N. J. 

LTHOUGH the tape and tape- systems 
industry is huge by any standard, 

its phenomenal growth was largely post 
World War II when plastic base tape 
with powdered magnetic materials came 
into wide use, replacing wire and steel 
tapes which harked back to the work of 
Poulsen, Carlson, and Carpenter, among 
others. Although the advent of sound 
recording and reproduction provided the 
major impetus for improved tape and 
reproducers, it was the development of 
video tape equipment and the extensive 
use of tape stations as important ele- 
ments in data processing systems which 
established the foundations of this rap- 
idly growing industry. It has been esti- 
mated that the industry sales of magnetic 
tape for all uses was $60 million in 1962 
and would reach $130 million by 1965. 
Another source estimated the 1963 
breakdown of tape sales to equipment 
manufacturers to be audio, $29 million ; 

computer, $25 million; instrumentation, 
$20 million ; and video, $9 million; and 
that these markets will grow at a mini- 
mum rate of 10% per year. 

It is interesting to compare the 1962 
domestic industry sales of computer tape 
($23 million) with the value of com- 
puter tape systems of approximately 
$450 million installed in 1962. Although 
this rate of systems sales to tape sales 
varies from one application to another, 
it illustrates well how magnetic tape can 
provide the basis for a tape systems in- 
dustry twenty times its size. It is evi- 
dent, therefore, why extensive divisional 
effort in this field is justified on its own 

merits as a business, and as an impor- 
tant contribution to NBC, to broadcast, 
computer, defense, and consumer prod- 
ucts, and to the RCA Service Co., in 
their general systems activities. 

The severe requirements of uniform- 
ity, durability and freedom from drop- 
outs imposed by the computer and video 
usage of magnetic tape has brought a 
new dimension to tape research and 
development, and huge investment in fa- 
cilities for the manufacture and test- 
ing of precision tapes. The factor of 
durability of tapes and magnetic heads 
looms as important development proj- 
ects because of the high head -to -tape 
speeds of modern video recorders and 
computer tape stations and the need to 
get intimate contact to provide adequate 
signal output. The latter is an exponen- 
tial function of the head -to -tape spacing 
d according to the relation loss (db) _ 
55 d/X, where X is the signal wavelength 
on the tape. 

The electromechanical aspects of the 
tape transport have undergone extensive 
improvements in recent years with the 
purpqse of increasing the absolute time - 
base stability, despite increasing head - 
to -tape speed to attain higher informa- 
tion rates. The use of air bearings, 
fast -acting servo systems, electronically 
variable delay line (EvDL) compensa- 
tion, and low- inertia tape- demand sys- 
tems, including start accommodators and 
vacuum chamber storage, have made 
modern machines precision equipment 
indeed. Precision time base perform- 
ance characteristic is an important asset 

in radar doppler tape processors and 
TV recorders. To simplify machine load- 
ing and to protect the tape from careless 
handling and environmental conditions 
conducive to tape damage, increasing 
use of tape cartridges is evident. 

The frequency which can be repro- 
duced on tape follows the relation f = 
V /X, where V - head -to -tape velocity. 
Thus, the approach to higher frequen- 
cies (greater information rates) have 
been to both increase V and reduce X. 

The former reached the limit where re- 
cording time was reduced to a few min- 
utes if the normal longitudinal mode 
was used, so the transverse mode - 
wherein the high velocity is attained by 
rotating heads (quadruplex, octoplex, 
etc.) -came into wide use in video re- 
corders. Wavelength X has been reduced 
to fractions of a mil by use of narrow 
gap heads, close head -to -tape spacing 
and thin magnetic coatings on the tape. 

Recent developments to reduce the 
number of magnetic heads and conse- 
quently the switching problems in trans- 
verse scan have tended toward helical - 
or slant -track recording techniques. In 
this technique the number of heads re- 
quired is related to the number of tracks 
or channels by Nh = N +1, which indi- 
cates that a one -track system would re- 
quire two instead of four magnetic heads 
as in the transverse quadruplex system. 
Synchronous systems, as in TV having 
adequate vertical blanking time, can ac- 
complish helical scan with one head. 

Developments in modulation of the 

HARRY KIHN received his BSEE from The Cooper 
Union Institute of Technology in 1934, and his MS 
from the University of Pennsylvania in 1952. Mr. 
Kihn joined RCA in 1939 as a research engineer 
associated with television receiver and circuitry 
development. During World War II, as a member 
of the technical staff of RCA Laboratories at 
Princeton, he performed research relating to radar 
for automatic bombing and altimeters. With the 
advent of color television development in the post- 
war period, he played a prominent part in the 
development of receiver circuitry. Subsequently 
he was engaged in further radar reaseach and 
directed research in pulse code and digital 
communication and computer systems. Since early 
1960, he has been a Staff Engineer on the RCA 
Research and Engineering Staff, in charge of 
coordinating RCA technical activities in data 
processing, semiconductor devices, and other fields, 
including both defense and commercial applica- 
tions. He is a Fellow of the IEEE, and is a Member 
of Sigma Xi. 
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TABLE I -RCA Tape Recording and Reproducing Systems 
"RCA Division" indicates where the work is being done as of this writing; it does not necessarily indicate where the work began. 

Category 
and 

RCA Div. Model 

CATEGORY I 

Home 1YB1 
Instr. Div. 1YB29A J 

1YC1 
3YD1 J 

Use or Type 

cartr., mono. 

cartr., stereo 

Brdest. & RT21A,B mono & stereo 
Comm. Div. 

RT37 
RT7B 

CATEGORY II 
DEP -MSR PTS 
RCA Labs. Compact 

Recorder 

stereo cartr. l 

mono i 

TRADEX 

video-audio 

DEP-CSD SL-100 

DEP-AED QRA-1 

QRA-2 
QRA-3 

QRA-4 

QRD-1 

QRD-2 

QRD-3 

GEMINI 

TIROS video 

NIMBBs-AVCS 
NIMBns-HR1R 

621A video 

621A 
telemetry 
OGO 

0GO 
POGO 

CATEGORY III 
Brdcst. & TR -22, Quadruplex TV 
Comm. Div. TR -3, TR-4, Broadcast 

TR-5 
(portable) 

DEP -CSD DCDS 

ST 502 
GT 502 

PT 300 

GT 200 

octoplex radar data 

airborne, video 
ground reproducer 

portable video 
(quadr.) 
wideband recorder- 
reproducer (octoplex) 

DEP -App. MipiR, helical scan, 3 head 
Res. MARS, ARIE 

Tape 
Speed, 
ips 

Record & 
Playback 

Time, minutes 

Frequency 
Type of Response or 

Modulation Info. Rate 

Time Base 
Stability, 

nace or 
flutter % 

3% -1% 

3 % -1/ 
120 music, 240 voice 

60 stereo, 120 mono, 
240 voice 

DR 50 cps -15 kc 

DR 50 cps -15 kc 

A: 3% -7' 120 ® ips; 1.5 DR, 80-kc bias 50 cps -15 kc (15 0.1% to 0.25% 
B: 715 rewind (2400 -ft reel) ips); 40 cps -10 kc 

(7/ ips); 50 cps -7.5 
kc (3% ips). 

7/ Up to 31 DR, 80-kc bias 50 -12 ke <0.2% 

1100 5 (30" reel) digital FM 3 Mc 4.5 Mc ±15 nsec 

120 12 (7" reel) FM, low video 300 kc 

60 (15" reel) 
JDR, hi video 300 ke-2.5 Mc 
)DR, audio 50-10 kc 

<0.1% 

1/ 240 Various NRZ and 5 -12 kc ±2% 
RZ combinations 

41y 10.9 digital and /or Analog 112.6 kc 0.1 %a /sec /sec 

50 1.5 FM 85 ± 15 kc 62.5 kc 0.05% in 250 
cps BW 

30 8 FM 73 to 120 kc 60 kc 0.2% in 5-kc BW 

3% 115 FM 10 kc 2.5 kc 0.2 %in5-kcBW 
30 7.2 
50 1.5 FM 85 ± 15 kc 62.5 kc 0.1% in 300 

cps RW 

7.5 64 pulse width 172 bits /sec 0.1 %in300 
60 
0.297 

8 
720 

pulse code 900 bits /sec 
NRZ to RZ 1,000 bits /sec 

cps BW 
500 nsec 

18.9 11.5 64,000 bits /sec 
1.18 180 manchester coding 4,000 bits /sec 500 nsec 

37.9 5.7 128,000 bits /sec 

15; 7/ 96 (14" reel) FM 30 cps -4 Mc ±10 nace 

6 (ree) 
0.3 (play) 

20 (14" reel) FM (10.75 Mc 7.5 Mc 
carrier) 

±10 wee 

60 FM (7.5 Mc carrier) 100 cps-6 Mc 100µsec /maec 

734 60 (9" reel) FM 30 cps-4 Mc 150 nsec per 
head cycle 

15 60 (12/" reel) FM 30 cps-4 Mc t1 µsec 

30 (head- 
tape 1,900) 

24 (10 /" reel) FM (5 Mc carrier) 30 cps-4 Mc 200 µsec /scan 

signal upon the tape have contributed 
to improvements in signal -to -noise ratio, 
increased the signal packing density and 
minimized the effect of nonuniformity of 
magnetic characteristics of the tape. In 
addition to amplitude modulation (i.e. 
"direct recording "), other widely used 
techniques include single -side frequency 
modulation, pulse or RZ or NRZ (non - 
return-to- zero), biphase, and quadriphase 
modulation. 

The activities of the various RCA divi- 
sions involved in tape or tape systems 
manufacture and development, afford a 

perspective in this regard. These activi- 
ties may be generally divided into five 

categories. Although these are somewhat 
arbitrary, since there is a good deal of 
overlap among them, they represent a 

useful compartmentation on the basis 
of functional use and the technology 
involved: 

Category I: These include low tape 
speed, continuous tape motion, longi- 
tudinal tape travel, stationary mag- 
netic head recording systems. 

Category II: These include medium 
and high tape speed, continuous tape 
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motion, longitudinal tape travel, sta- 
tionary magnetic heads, instrumenta- 
tion and low -video frequency record- 
ing systems. 

Category III: These include me- 

dium tape speed, continuous tape 
motion, longitudinal or helical tape 
travel, with high speed transverse 
magnetic head motion, high video fre- 
quency recording systems. 

Category IV: These include me- 

dium and high tape speed, intermit- 
tent tape motion, longitudinal tape 
travel, stationary magnetic head, dig- 

ital tape recording systems. 
Category V: This includes the 

manufacture of magnetic tape, mag- 

netic heads, and other components as 
well as research activities in these 
areas and in magnetic materials used 
therein. 

In order to simplify the presentation 
of the corporate activities in tape record- 
ing. Table I has been prepared, ar- 
ranged according to the categories 
defined above. The criteria of compari- 
son is on the basis of important perform- 
ance characteristics such as: area of 

No. of 
Channels 
or Tracks Remarks 

Home entertainment 
Product line 

4-head dual 
half track 

Professional %" audio 
tape recorder system 

7, 8 Radar instrumentation 

1 Research unit 

2 -7 Miniaturized lightweight 
low power 400 cu in, 
12 lbs, 10 watts 
Miniaturized lighweight 
high G capability, wide 
temperature range, low 
power consumption, high 
reliability tape recorder - 
reproducers. Approx. specs: 
weight 16 lbs, diam. 14 ", 
height 7 ", temp. range 
5 °C to 55 °C; G forces 
10-18 

2 

4 
4 

2 

6 

9 

1 + audio 
and control 

2 

2 (two-sided 
tape) Plus 
two 25-kc 
channels 
1 + audio 

2 plus 5 
auxiliary 

TR-22, transistorized ree & 
play; TR -3, play only; 
TR-4, ree + play; TR-5 
portable ree + partial play 
Dual channel dial speed 

Compatible with TR-22 

3 (Mirlo); 2 MARS, ARrs 

tape usage, time duration of recording 
and reproduction, the information band- 
width, type of modulation, system time 
basis stability (jitter, flutter and wow), 
bit density etc. It is not intended that 
this table be an exhaustive list of all the 
specifications of the machines, but 
rather an abbreviated catalog which 
reveals the widespread involvement of 
RCA divisions in tape recording and 
reproduction. 

Although the various tape recording 
systems have been categorized largely 
on the basis of the tape and recording 
head motion, each of these may incor- 
porate a variety of modulation tech- 
niques which are uniquely designed to 

optimize signal to noise, information 
bandwidth handling capability, freedom 
from dropouts, and bit or information 
packing density on the tape. While in 

the conventional sound tape recording 
system the modulation system is straight 
analog or linear modulation, the instru- 
mentation field may utilize pulse coding, 
biphase or quadriphase modulation or 
FM single or double sideband. The video 
machines have largely standardized on 

single -sideband FM with carrier fre- 
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TABLE 1- cont'd 
Category 

and 
RCA Div. Model Use or Type 

Tape 
Speed, 

ips 

Record & 
Playback 

Time, minutes 
Tqpr of 

Modulation 

Frequency 
Response or 
Info. Rate 

Packing 
Density, 
bits /in 

No. of 
Channels 
or Tracks Remarks 

CATEGORY IV 
EDP 381 

382 

581 

582 

681 

3485 

tape sta. 

tape sta. 

tape sta. 

tape sta. 

tape sta. 

industry-compatible 
tape sta. 

30 F &R, 90 
rewind 
60 F &R, 
120 rewind 
100 F &R 

100 F &R, 
150 rewind 
150 F &R 
225 rewind 
150 F &R, 
300 rewind 

1200 -ft reel NRZ 

1200 -ft reel NRZ 

2400 -ft reel pulse (R7.1 

2400 -ft reel NRZ 

2400 -ft reel NRZ. 

2400 -ft (10" reel) 

10,000 char /sec 333%i. 6 info, 1 

read & write par 
20,000 char /sec 33334 6 info, 1 

read & write par 
33,333 char /sec 333% 14 info, 2 

Par 
66,667 char /sec 666% 14 info, 2 

Par 
120,000 char /sec 800 14 info, 2 

Par 
30,000, 83,400, or 200, 556, 800 7 channel 
120,000 

3, 4, or 6 tape decks; 
%" tape. 
3, 4, or 6 tape decks; 

" taPe. 
Dual recording of %" 
each character. 

Variable length %" Data 
Recording. Dual recording 
each character. Read- after- 
write check. 

Model Use or Type 
Gap 

Pinch 

Track 
Width, 

mils 

Tape 
Width, 
inches No. of Tracks 

T,vt° l s, 

Tape 
Width, 
inch 

Base 
Film 
mils 

Mag. 
Coating 

mils 

Yield 
(5% 

clang.) 
lbs 

Signal to 
print -thrn 

ratio, 
db 

CATEGORY V -Heads 
Brdcst. & Comm. Prod. Div.: 

A 301 record file 250 
B 381 500 
C 582 250 
D 681 40 
E special 200 
A 581 250 
J early compact video 35 

MI -40760 ball brg }video 90 
MI -40790 air brg I 

MI -40791 ball brg lvideo 90 
MI -4799 air brg / 

10 
32 
18 
20 
26 
20 
80 
10 

5 

% 
% 
% 
1% 
% ti 
2 

2 

2 

7 + DC erase 
16 read after write 
16 read after write 
20 
16 & DC erase 
2 

1 

I 

RCA Laboratories: Compact experimental 
video recorder 40 & 20 400 3 &3 

DEP-CSD: 
Tinos 90 40 % 2 
Otto 250 25 3. 9 
Nurnus 90 50 % 4 

SAT -INOI' 250 36 3. 6 
DAMe 40 30 % 1, 2, 7 

TRADEX 40 30 1 7,8 
GEMINI 90 50 % 2 
MTE 250 25 3 8 
MADRE 250 40 Disk - 
TRADEX 500 40 Disk -- 
(Floating) 
DC erase 
(dbl. -coat tape) 

2 

quencies in the neighborhood of 5 to 10 
Mc, depending on the signal bandwidth. 

The digital machines generally use 
pulse recording. Here, too, a variety of 
modes are involved, although NRZ has 
become the rule in advanced machines 
such as the 582 and 681 tape stations for 
reasons of increased information capa - 
bility and ease of erasure. 

The following discussions provide 
additional insight into the equipment 
listed in Table I. 

CATEGORY I 

Category I may be represented by the 
large consumer market type tape re- 
corder as well as the higher quality 
broadcast, industrial and military sound 
systems. The principles of operation of 
these units are well known and except 
for transistorization and the use of 
stereo and cartridge tape packages, lit- 
tle of technical novelty has been intro- 
duced in recent years. These are, how- 
ever, an important part of our Home 
Instruments and Broadcast and Corn - 
munication Division's Product Line and 
a customer for the Record Division Tape 
Manufacture. 

CATEGORY V -Tape 
RCA Victor Record Division 

All types have 550- oersted intrinsic coercivity and 850 -gauss retentivity. 

15A all purpose 

15AL low print then 

l0A long play 

15M 

15ML 

10M 

5M extra long play, 
5TM dbl. strength 

301 computer 

I/ 

1.45 0.40 
1.45 0.40 

1.42 0.44 
1.45 0.44 

0.96 0.40 

4.5 48 
5.5 48 

4.5 53 
5.5 53 

3.1 44 
0.97 0.40 3.7 44 

0.5 0.40 
0.5 0.40 

2.25 40 
2.75 40 

1.45 0.45 5.5 

Notes: 
BW- bandwidth par- parity bit 
DR -direct recording (i.e., AM) info -Information bit 

F &R- forward and reverse 
RZ- return to zero 
NRZ -nonreturn to zero 

CATEGORY II 

Category II encompasses the widest 
spectrum of tape devices, speeds and 
types of modulation, which is so charac- 
teristic of the instrumentation field. In- 
cluded are lightweight, compact, low 
power, satellite video tape machines, 
radar doppler processors, an experi- 
mental compact video recorder and a 
large class of telemetry recorders and 
reproducers of great importance to our 
space and defense effort. 

CATEGORY III 

Category III equipments are oriented 
largely toward television and similar 
video presentation in which an economy 
of tape for a given bandwidth stored 
and a flickerless presentation, without 
the need of intermediate storage, is es- 
sential. It has become the backbone of 
the television broadcast industry and as 
such is of great importance to RCA. 
Because of its advanced state of develop- 
ment, the use of this type of tape system 
is expanding into the high information 
rate instrumentation field where the 
higher cost is warranted by the techno- 
logical and military requirements. The 
TR -22 in the Broadcast field and PT 300 

in military TV recording are representa- 
tive of this class of machine. 

CATEGORY IV 
The machines of Category IV are, at 
present, largely confined to providing 
large bit capacity serial storage for data 
processing systems. The characteristics 
of these intermittent- motion machines, 
as contrasted to the continuous running 
transports used in the previously men- 
tioned instrumentation and video re- 
corders, are the ability to start and stop 
the tape rapidly and to transport the 
tape in either direction in response to 
command signals. The limited internal 
memory capacity of most data process- 
ing system requires that only a small 
portion of the information stored on a 
reel of tape can be transferred to the 
memory at any one time. To accomplish 
this the tape must be started quickly, 
run for a short period of time until the 
required information is located, trans- 
ferred to the memory and stopped until 
the system is ready to receive or trans- 
mit more data. This cycle is repeated 
until the data processing is completed. 

In most data processing systems, such 
progress has been made in the speed of 
logic circuitry and reduction of memory 
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cycle time, that the tape system is the 
limiting factor in the speed of computa- 
tion. Great effort is therefore being ex- 

pended in increasing the speed of tape 
machines and packing density on the 
tape, as evidenced by the progression 
from type 381 to the type 681 tape sta- 
tions, and providing auxiliary high ca- 
pacity magnetic disk or magnetic card 
storage. The latter two devices are 
"magnetic recording machines" capable 
of parallel, rather than serial input and 
output, and possess higher -speed proc- 
essing capability than magnetic tape 
machines. 

Because of the importance of accu- 
racy in every information bit stored on 

computer tape, such novel features as 
parity bits, read after write and correct, 
or simultaneous duplication of informa- 
tion on parallel tracks are included in 
advanced tape stations. This approach 
is rarely necessary in most of the analog 
applications of tape recordings. An im- 
portant requirement of digital tape ma- 
chines is that the tape in the vicinity of 
the heads and capstans be isolated from 
the reels by a slack -takeup mechanism 
because of the high acceleration inher- 
ent in its operation. Furthermore, a 
means of sensing the amount of tape in 
these loops is required so as to actuate 
the servomechanism which controls the 
movement of the reels. Either a move- 
able takeup arm or a vacuum column 
may be employed. In the former, the 
movement of the tape actuates the take - 
up arm providing the sense signal for 
the servo. In the latter, the end of the 
tape loop in the vacuum column is 
sensed by a photoelectric or pressure 
sensing device which generates the servo 
signal. This feature, too, is different 
from the analog machines of the first 
three categories. 

CATEGORY V 

In all the tape machines of the four 
categories discussed heretofore, the 
common denominator is the quality of 
the magnetic tape used for the informa- 
tion storage function. Among the essen- 
tial characteristics of the tape are: uni- 
form oxide particle -size to provide 
high -resolution capabilities; smooth and 
durable tape surface to minimize depo- 
sition of oxide upon the pickup head and 
to insure extended tape life; and the 
absence of foreign matter and nodules 
to eliminate dropouts, particularly for 
digital use. The use of a Mylar substrate 
has largely solved the tape stretch prob- 
lem- although the trend toward thinner 
substrates for increased play time on a 

given diameter reel has aggravated this 
problem. An important concern is the 
trend toward thinner oxide layers as re- 

cording speeds are increased, thereby 
reducing the life of a reel of tape unless 
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more durable binders are developed and 
used. Much research is being carried 
on in the area of new materials other 
than iron oxide which possess better 
high- frequency performance and are ca- 
pable of higher information packing 
density. An extensive program to develop 
tape which satisfies these requirements 
at a reasonable manufacturing cost is 
under way at the Record Division in 
Indianapolis and at the RCA Labora- 
tories in Princeton. 

An interesting approach to increased 
utilization of a given length of tape so as 
to increase its information storage capa- 
bility by a factor of two, is the develop- 
ment of double -sided tape. Both sides 
of the tape carry a magnetic oxide coat- 
ing of the proper thickness and sepa- 
rated by a suitable thickness of Mylar 
substrate such that there is little cross- 
talk between the information on the two 
sides. The use of wavelengths which are 
small with respect to tape thickness, and 
novel scanning techniques involving a 

minimum of coincident tracks as in 
transverse head machines where this has 
been tried, contribute to the isolation 
between the two sides. Because of the 
importance of magnetic tape in the data 
processing operations and the cata- 
strophic consequences of imperfections 
in the tape upon the continuity of opera- 
tion of these systems, a 100% tape test- 
ing program is being carried on in 
Indianapolis and in EDP, Camden. 

The magnetic head. as the interface 
between the tape and the tape station 
electronics, is a crucial element in the 
tape recording system. This device de- 
termines to a large extent the resolution 
or information packing density, the sig- 
nal output, the channel cross talk and 
the minimization of down time for serv- 
icing the tape equipment. Complexity 
of magnetic heads range from the single - 
channel low -cost heads of the consumer 
products to the multiple channel preci- 
sion quadruplex and octoplex heads on 
air -floated bearings, incorporating frac- 
tional -mil gaps and hardened material 
magnetic pole tips for long life. One 
may surmise the care involved in design- 
ing a structure housing eight magnetic 
heads, spaced exactly 45° apart (10 sec- 
onds of arc accuracy) and rotating at 
28,000 rpm with negligible variation in 
head -to -tape spacing, despite the enor- 
mous centrifugal forces inherent in such 
angular velocity. 

Because of the importance of heads 
to RCA's tape equipment, advanced en- 
gineering development and design are 
carried on in both the Broadcast Divi- 
sion and the DEP Communications Sys- 
tems Division in Camden. The necessary 
precision manufacturing and specialized 
test facilities required are provided by 
the Broadcast Division in Camden. 

SUMMARY 

This paper has briefly summarized the 
characteristics and applications of mag- 
netic tape recording devices developed 
and manufactured by RCA. It becomes 
apparent that there are few electronic 
systems which involve so many diverse 
technical disciplines (mechanical, mag- 
netic, and electronic) as a magnetic 
tape system. 

Among the considerations involved in 
the complex and precise mechanical 
system are: the tape transport requiring 
stability and freedom from jitter at high 
speeds and in computer tape stations, 
precise servo control of tape position; 
the severe dynamic environment of mul- 
tiple magnetic heads rotating at tens of 
thousands of RPM ; the minimization of 
frictional forces and abrasion of both 
magnetic heads and tape as well as pro- 
vision for adequate tensile properties of 
the latter. 

The magnetic systems, including both 
head and tape, involves the design of 
microscopic air gaps to accurately con- 
trol the fringing magnetic field coupled 
to the tape; and in the tape itself, con- 
trol of the magnetic coercivity, rema- 
nence and B -H loop squareness charac- 
teristics are important performance 
goals. 

The electronic and signal processing 
system includes signal amplification, 
sophisticated modulation techniques 
(amplitude, FM, pulse, multiphase, 
etc.) to abstract undistorted signals 
from a basically nonlinear magnetic ele- 
ment, under optimum signal to noise 
conditions, or to increase the informa- 
tion packing density on the tape. The 
electronics may involve the use of elec- 
tronically variable delay lines to com- 
pensate for limitations in mechanical 
stability of the system, particularly in 
applications where doppler signals must 
be processed or synchronizing signals be 
accurately timed. 

The economic value of these systems 
to RCA may be judged from their im- 

portance to our consumer and broadcast 
product lines, their key position in tele- 
vision, in instrumentation and telemetry 
and in modern data processing and their 
contribution to the proper performance 
in many aspects of our space and de- 

fense business. The explosive growth of 

magnetic tape recording in the last 
decade will continue unabated into the 
next, with known applications pressing 
on the technological frontier of tape and 
tape systems. When one considers the 
present and projected business in this 
field it becomes apparent why continued 
research development, and improve- 
ments in manufacturing technology in 

tape and tape systems are important 
elements in RCA's plans for the future. 

www.americanradiohistory.com

www.americanradiohistory.com


ADVANCED MAGNETIC- RECORDING 
TECHNIQUES AND EQUIPMENT 

To meet the growing demands for higher density storage, increased bandwidth, 
lower power, and lighter weight, magnetic recording engineers must constantly 
search for new techniques. This paper discusses some of these techniques and 
their application by the Magnetic Recording Section of the DEP Communica- 
tions Systems Division, and describes specific equipment in which many state -of- 
the -art techniques are used. 

To appreciate fully the advances 
made in magnetic recording in a 

relatively short period of time, note that 
magnetic recording was in its infancy 
at the end of World War II; at that time, 
it was difficult to achieve 15 -kc audio 
at a tape speed of 15 ips (0.001 -inch 
wavelength) . 

One of the first advancements resulted 
from the need to reduce the quantity of 
tape for a given amount of recorded 
information. Magnetic heads were de- 
veloped with finer gaps capable of 
resolving 1/2 -mil (0.0005 -inch) wave- 
lengths; this development resulted in a 
tape speed of 7.5 ips. The continuing 
need for a reduced quahtity of tape for 
a given amount of information lead to 
the use of half -track audio recorders - 
that is, two tracks were recorded in the 
space of one. 

RCA's continued development work 
resulted in another two -to -one reduction 
in tape speed (3.75 ips) and at the same 
time doubled the number of tracks (four 
tracks on 1/4 -inch tape). Concurrent 
with the development of audio recorders 
was the development of tape stations for 
the storage of large volumes of data for 
computer use. Henceforth, a need for 
the storage of television pictures led to 
the development of magnetic tape re- 
corders with a 4 -Mc bandwidth. 

In more recent times a need for both 
dual -channel wideband recording and 
high- density recording has arisen. Dual - 
channel wideband recording is essential 
in closely correlating the signal from 
two separate radar returns and in re- 
cording one wideband channel of analog 
signals along with a channel of high -bit- 
rate digital signals. In both cases the 
isolation between channels must be at 
least 36 db. 

The importance of weight and size in 
airborne and spaceborne recorders ne- 
cessitated the development of techniques 
for greatly reducing the amount of tape 
required for recording a given amount 
of data. Also, because of the limited 
power in spacecraft, the recorders must 
have high operating efficiency. 

H. R. WARREN, Mgr. 
Magnetic Recording Design 

and Development 
Communications Systems Division 

DEP, Camden, N. J. 

SOME NOVEL TECHNIQUES 

To fufill the above. needs, magnetic 
recording engineers of CSD have devel- 
oped several novel techniques. To satisfy 
the demand for dual -channel wideband 
operation, the octaplex scan system 
was developed. This technique allows 
the recording of two simultaneous wide - 
band channels with 0.1 -µsec interchan- 
nel time displacement with isolation 
between channels of over 36 db. The 
high- density analog need was satisfied 
in some cases by narrow -track record- 
ing. In other cases, recording on both 
sides of thin -base, double- coated tape 
was the answer. A combination of 
narrow -track recording and double - 
coated tape allowed a giant step to be 
taken in increasing the information per 
unit volume of tape. The need for high - 
density digital recording was satisfied by 
the development of a modified diphase 
system' in which 3,300 bits /inch per 
track can be recorded. This packing 
density is about three times greater than 

MAGNETIC HEADS 

SUP-RINGS 

BRUSHES 

that currently available in computer 
applications. 

Octaplex Scanning 

The octaplex scanning system is based 
on the earlier development of transverse - 
scan recording in which a two -inch wide 
tape is moved longitudinally at 15 ips 
while being scanned transversely (at 
right angles to its direction of motion) 
by each of four recording heads equally 
spaced on the periphery of a 2 -inch- 
diameter scanning wheel. Fig. 1 shows 
a standard quadruplex scanning assem- 
bly for television recording. With a rota- 
tional speed of 14,400 rpm and a lon- 
gitudinal tape speed of 15 ips, 64 
transverse scans per inch are made 
across the width of tape. 

The octaplex scanning method allows 
the simultaneous recording of two chan- 
nels of wideband information. In the 
development of the octaplex system, the 
primary objectives were minimum inter - 
channel time displacement and low 
crosstalk. Earlier attempts to achieve 
the minimum interchannel time dis- 
placement by other companies resulted 
in the location of the heads of the A 
channel so that they are parallel and so 
that their gaps are in -line with the heads 
of the B channel. However, this close 
spacing results in excessive interchan- 

Fig. 1- Closeup of quadruplex scanning assembly. 

VACUUM TAPE GUIDE MOTOR 

TONE WHEEL 

TONE 
WHEEL 
HEAD 
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nel crosstalk. The interchannel time dis- 
placement resulting from this arrange- 
ment is approximately 1 µsec. Since the 
time relationship between pulses re- 
corded simultaneously on two sequential 
heads in a single -channel operation can 
be held to a fraction of a microsecond, 
it was apparent that when another chan- 
nel of information was recorded with 
another set of four heads located at 45° 
from the original set, the time error be- 
tween the original set and the second 
set was reduced by a factor of 2; there- 
fore, 0.1 -µsec interchannel time displace- 
ment could be achieved. Since the heads 
of the A channel are located at 45° from 
the heads of the B channel, maximum 
separation is achieved; thus, in the octa- 
plex system the crosstalk is greatly re- 
duced. The octaplex tape recording for- 
mat is shown in Fig. 2. Fig. 3 shows the 
arrangement of eight heads equally 
spaced around the periphery of a 2 -inch- 
diameter wheel. The signals to and from 
the heads of both channels are carried 
by a common slip -ring assembly, with a 
design that limits the crosstalk to ap- 
proximately 40 db. 

In an airborne system where the 
power must be conserved, special atten- 

Fig. 2- Octaplex tape format. 

AUXILIARY TRACK No.l (.030) 

AUXILIARY TRACK No. 2 (.030°) 

.080" i 
CONTROL 
TRACK 
(.030 ") 

) - SPAN --1.1 
BETWEEN 

HEADS 
(1.840 ") 

2" 
TAPE FORMAT 

SCHEMATIC LAYOUT OF HEAD 
WHEEL SHOWING HEAD 
ARRANGEMENT AND THE 
ANGLE OF WRAP OF THE TAPE 
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MOTION 
OF 

TAPE 
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H. R. WARREN graduated from the University of 
Georgia with a degree in Physics in 1953. There, 
he was elected to Sigma Pi Sigma, physics honor- 
ary. He then joined RCA in 1953, and after com- 
pleting the RCA training program, was assigned 
to the development of a battle announcement sys- 

tem for the Coast Guard. Later he specialized in 

the field of magnetics with emphasis on the de- 
velopment of recording heads. He has developed 
the multichannel heads for video frequencies used 

in recording television signals on magnetic tape. 
These heads have the capability of resolving wave- 
lengths as small as 60 microinches. He has also 

tion must be given to such items as the 
frictional drag of the slip rings in a 
headwheel assembly. In the system 
shown in Fig. 3, the slip rings are clus- 
tered on a common shaft. Slip rings of 
1/4 -inch diameter are needed to allow 
sufficient separation of the leads to 
achieve the 40 -db isolation between the 
A and B channels. However, for airborne 
applications the amount of power re- 
quired to overcome the friction of 
1/4 -inch slip rings would be extremely 
high. In addition to the power problem, 
if wider bandwidth is needed, even 
greater separation of the leads is 
needed; thus, the design in Fig. 3 means 
even larger slip rings. The solution to 
the problem of lower crosstalk at higher 
frequencies is shown in Fig. 4. The slip 
rings of channel A are on the "head - 
wheel end" of the motor shaft (Fig. 4a 1. 

The slip rings of channel B are on the 
opposite end of the motor shaft (Fig. 
4b) . The leads of B extend from the 
heads through a small hole which is 
drilled through the entire length of the 
motor shaft. This technique of "isola - 
tion-by- distance" of the slip rings of the 
A and B channels eliminates the require- 
ment for large (1/4 -inch) slip rings. The 

developed heads for audio use with a frequency 
response of 15,000 cps when used with tape running 
at 33/4 ips. He has been responsible for the develop- 
ment of all the heads for RCA's magnetic -tape 
memory development program. As a result of one 

of his developments, RCA now uses a replaceable - 

gap head in cinemascope equipment. His work with 
replaceable -gap heads led to the conception of a 

floating gap head for recording in contact with 
rigid recording media. A pulse packing density of 
over 1,000 pulses per inch is made possible in mag- 

netic memories. 

slip -ring size in Fig. 2 is 0.090 -inch. 
approximately 2.8 times smaller than 
the slip rings shown in Fig. 3. Using this 
technique, motor power is greatly re- 
duced and over 80 -db isolation between 
channels is achieved. 

Narrow Track 

The next step in meeting the additional 
requirement of higher packing density 
of information was achieved by the re- 
duction of both the recorded track width 
and the space between the recorded 
tracks. Fig. 5a shows a normal 10 -mil- 
wide track and the 5 -mil separation used 
in the standard television recorders. Use 
of this format in an airborne recorder 
yields 66.6 transverse tracks per inch 
when the longitudinal speed of the tape 
is 24 ips and when 1,600 head trans- 
verses per second are made. Fig. 5b 
shows the new tape- recording format in 
which both the recorded track width 
and the inner -track spacing have been 
cut in halfr The track width is 5 mils 
and the spacing between the tracks is 
2.5 mils. The reduction of the track 
width, however, does reduce the signal - 
to -noise ratio by 3 db from that of the 
10 -mil track and 5 -mil spacing. The 
3 -db track -width loss has been more than 

Fig. 3- Octaplex headwheel- arrangement of the eight magnetic heads. 
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Fig. 4a- Airborne application of octaplex headwheel assembly. 

adequately regained by improvements 
achieved in head material and improve- 
ments in magnetic tape. Using the new 
narrow -track format, twice the number 
of transverse tracks per inch can be 
recorded (2 X 66.6 = 133 transverse 
tracks per inch). 

To summarize the developments at 
this point, the two -channel octaplex op- 
eration combined with the narrow -track 
technique allows two channels to be 
recorded in the original space of one 
channel; and for the single- channel 
quadraplex operation, twice the record- 
ing time is achieved. The density of in- 
formation recorded on magnetic tape 
has thus been increased by a factor of 
two. 

Double- Coated Tape 

The next step was to develop a double - 
coated tape; this also uses the trans- 
verse scan method. Fig. 6a shows a 1 -mil 
base of polyester tape with coating thick- 
ness of 0.35 mil (a total thickness of 
1.35 mils) . Fig. 6b shows the new tape 
with a base thickness of 0.5 mil, both 
sides of which have been coated with 
0.2 -mil oxide (total, 0.9 -mil). Two iden- 
tical scanning assemblies are used, one 
for each side of the tape. 'As the tape 
moves forward, the first headwheel as- 
sembly records; as the tape moves in the 
opposite direction, the other assembly 
records. Considering only the double - 
coated aspect of this development, twice 
the amount of information per unit 
length of tape can be recorded. 

But what about crosstalk from one 
side of the tape to the other? The cross- 
talk from one face of the tape to the 
scanning head on the opposite face of 
the tape can be illustrated by the separa- 
tion loss curve in Fig. 7. Note that when 
the separation of the magnetic head 
from the tape surface is equal to one 
recorded wavelength, the output is de- 
creased 54 db. Consider the condition 

"8" CHANNEL 
SLIP RINGS AND 
BRUSHES 

MOTOR 

TAPE GUIDE 

MAGNETIC HEADS 

"4' CHANNEL 
SLIP RINGS AND 
BRUSHES 

TONE WHEEL 
HEADS 

Fig. 4b- Octaplex headwheel assembly for ground application. 

where a recording has been made on the 
A side of the tape and the tape is 
scanned by a magnetic head on the B 
side, and the recorded signal on the A 
side of the tape is an FM signal whose 
wavelength is approximately 0.3 mil. 
Fig. 7 illustrates that the separation due 
to the base thickness plus the coating 
thickness is 0.7 mil, and the losses are 
much greater than 54 db. Thus, cross- 
talk from one side of the tape to the 
other presents no problem. 

Contact Printing 

Contact printing describes the condition 
under which a recording is transferred 
from one face of the tape to the other 
face at high temperatures. Since the FM 
recording technique results in an ex- 
tremely short recorded wavelength, azi- 
muth of the magnetic head is extremely 
critical. If an azimuth error is judi- 
ciously chosen for the magnetic heads 
on each side of the tape, the contact 
printing will also have an azimuth error. 
An azimuth error of 3° on each side of 
the tape will result in a contact printing 
azimuth error of 6 °. This total error re- 

fig. 5 -a) standard wide -track tape format; 
b) narrow -track format. 

b 

duces the contact printing crosstalk to 
greater than 60 db, even under the con- 
ditions of maximum contact printing. 

Erase 

To erase the B side of the tape after 
having recorded a signal on the A side, 
the fringing field of the erase head must 
be confined to a distance equal to the 
thickness of the B side of the tape plus 
the base thickness. In the case where the 
base thickness is 0.5 mil and the coating 
thickness is 0.2 mil, the fringing must 
be limited to a maximum of 0.7 mil. The 
effective fringing of an erase -head gap 
is approximately equal to the gap 
length; consequently, a head designed 
for this tape and coating thickness must 
have a gap in the order of 0.2 mil. 

Modified Diphase 

A new technique, called modified 
diphase,' allows the recording of binary 
bits at a rate approximately equal to 
the bandwidth of the recorder system. 
If the information is in a return -to -zero 
(az) format, it is converted to a con- 
tinuous signal in which logical l's and 

Fig. 6-a) standard tape; b) double coated 
tape. 
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0's change the phase of the continuously 
recorded signal. Using this technique, 
a rate of 3,300 bits /inch per track has 
been demonstrated with a dropout rate 
of 1 bit in 10 °. The combination of modi- 
fied diphase and transverse scan record- 
ing results in the achievement of record- 
ing and reproduction of a 10 -Mc- bit -rate 
signal. 

RECORDING EQUIPMENT 

We now turn to the development of hard- 
ware which incorporates the techniques 
previously described. 

Wideband Recorder- Reproducer (GT 200) 

A wideband recorder- reproducer was 
developed for recording data from two 
separate radar systems (see Fig. 8) . The 
equipment uses the transverse scan tech- 
nique and the octaplex head assembly. 
In addition to the recording of two 4 -Mc 
video channels, it also records sweep - 
and antenna -position data on five auxili- 
ary tracks. Packaged in a single rack, 
the recorder -reproducer can record 1 

hour of two -channel information. Inter - 
channel crosstalk is greater than 36 db 
with a signal -to -noise ratio of 36 db. The 
transport is shock -mounted for ship- 
board operation. The octaplex head - 
wheel design is an extension of the 
standard television headwheel panel 
design. An additional requirement of the 
equipment is operation in a television 
mode in which the octaplex headwheel 
panel may be replaced by a standard 
television headwheel panel. In the tele- 
vision mode, television signals may be 
recorded and reproduced in the same 
format as the RCA broadcast video tape 
recorders, TRT -1B, TR -2, and TR -22.2s 
Thus, interchangeability of tapes be- 
tween machines is achieved. Except for 
monitor tubes, the equipment features 
solid -state electronics throughout. 

The first equipment of this type has 
been delivered to the Naval Electronics 

Fig. 9- Airborne 
video recorder 
(inset) and ground 
reproducer system. 

Fig. 7 -Curve of sep- 
aration / wavelength 
losses. 
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Laboratory in San Diego, California and 
has recorded and reproduced two simul- 
taneous radar presentations successfully. 

Airborne Video Recorder and 
Ground Reproducer System 

Fig. 9 shows the recorder for airborne 
application; it is a record -only machine 
with the capability of recording two 
simultaneous 6 -Mc bandwidth channels 
with two 25 -kc- bandwidth audio chan- 
nels. To achieve 50 minutes of record- 
ing, 3/4 -mil double- coated tape is used. 
Recording of 25 minutes is done on one 
side of the tape with a transverse scan 
assembly, and an additional 25 minutes 
of recording is achieved with another 
scanning assembly as the tape passes in 
the reverse direction. This unit employs 
the octaplex controlled- erasing, and 
narrow -track recording techniques. The 
airborne unit is contained in 1.3 cubic 
feet. When inserted into a single -rack 
playback equipment, the airborne unit 
becomes a recorder -reproducer. 

SL -100 Recorder -Reproducer 

The SL -100 was developed originally 
for the GEMINI program.' The modified 
diphase system is used to record 3,300 
bits /inch per track. Using 1/4 -inch tape, 
this unit can record up to seven tracks. 
Operating at 24 volts -Pc, the unit con- 
sumes 10 watts in either the record or 
playback modes. Because of its small 
size and ability to record and reproduce 
under vibration, it is ideally suited for 
airborne and spacecraft operations. A 
2,300 -foot reel of instrumentation tape 
(1/4 inch wide and 1 mil thick ) allows 
4 hours of recording at 17 /s ips. A hys- 
teresis speed converter' allows playing 
the tape in the reverse direction at a 
higher speed, e.g., the recorder plays 
back 22 times faster than it records. 

Portable Video Recorder PT -300 
The PT -300 is the first truly portable 
wideband (4 -Mc) recorder (Fig. 10). 

55 
0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 

SPACING BETWEEN PLAYBACK HEAD AND RECORDING MEDIUM 

RECORDED WAVELENGTH 
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The narrow -track (5 -mil track, 2.5 -mil 
spacing) technique allows 1 hour of 
recording at 4 -Mc bandwidth. The re- 
corder is designed in three separate 
packages: power supply and servo pack- 
age (16" x 19" x 5 ") transport package 
(16" x 18" x 11 ") and the control panel 
(6" x 13" x 6 "). The transport weight 
is 55 pounds; the power supply servo, 
35 pounds; and the control panel, 6 

pounds. Operating from a single 28 -volt 
supply, the recorder requires 15 amps. 

Tapes recorded on the PT -300 can be 
played back on the RCA TRT -1B, TR -2. 

and TR -22 commercial television record- 
ers." Although small and compact, the 
PT -300 uses a standard, narrow -track 
headwheel assembly. 

MAGNETIC RECORDING RESPONSIBILITIES 
AND SUPPORT TO OTHER RCA DIVISIONS 

There are occasions when the most criti- 
cal subsystem in a major system is the 
magnetic tape recorder. Often, the basis 
on which a contractor is chosen for a 

Fig. 10- Portable video recorder. 

MASTER 
ERASE 
HEAD 

major system is the advanced techniques 
used in the magnetic recorder ; that is to 
say, the magnetic recording techniques 
that are proposed determine the ultimate 
capability of the major system. The 
proposal of a high -precision, 14- channel, 
broad -band recorder for the TRADEX 
program was a major contributing ele- 
ment in the contract being awarded to 
RCA.' This tape transport stores 15 
channels of broad -band data at a tape 

Fig. 11- Sealed tape cartridge for multipur- 
pose test equipment (MTE). 
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speed of 1.000 ips, while maintaining 
a speed stability of two parts in 100,000. 
CSD designed and developed the bread- 
board model and the first prototype for 
the DEP Missile and Surface Radar 
Division. Moorestown. 

The RCA sealed- cartridge approach 
to the Multi- System Test Equipment 
Program of the DEP Aeropsace Sys- 
tems Division, allowed a reduction of 
weight and size of four to one over the 
competition (Fig. 11) . This approach 
was a key element in the award of a 
contract to RCA. 

In support of other RCA engineering 
activities, both in and out of CSD, the 
Magnetic Recording Equipment Section 
has developed and is supplying high - 
resolution heads for programs' such as 
NIMBUS, ORBITING GEOPHYSICAL OB- 
SERVATORY (OGO), TIROS, and GEMINI. 
Such heads require extreme sensitivity 
and short -wavelength resolution. 

CONCLUSION 

The dynamic flow of the magnetic re- 
cording technology has been demon- 
strated -from need, to research and 
development, to hardware. The future 
trends seem to be toward higher quality, 
better signal -to -noise ratios, smaller -size 
and lighter- weight equipment, recording 
at higher frequencies, and greater pack- 
ing density. Packing density per unit 
volume of tape is the area of most rapid 
progress. RCA has combined narrow - 
track tape and the modified diphase and 
octaplex recording techniques to design, 
build, and deliver digital recorders with 
a packing density of 256,000 bits /in', at 
a 10 -Mc bit rate. As a comparison from 
the storage point of view, this packing - 
density capability is an order of magni- 
tude greater than that of present com- 
puter storage devices. Through the 
development of thin -base, double -coated 
tape and narrow -track recording, we 
have increased analog packing density 
by a factor of six in the last four years. 
A factor -of -four increase in digital and 
analog packing density is envisioned for 
the next four years. 
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THE DESIGN OF 

SATELLITE TAPE RECORDERS - 
AFTER TIROS I 

Discussed herein are some of the improvements in satellite tape- recorder design 
since the first TIROS. Elements of the new designs include system requirements, 
tape transport, sensing heads, motor -drive and speed- changing techniques, and 
means of compensation for angular momentum. Examples include design appli- 
cations in the AVCS (Advanced Vidicon Camera System) recorder and the 
HRIR (High -Resolution Infrared) recorder of the NIMBUS meteorological 
satellite, as well as in the recorders for other spacecraft. 

A. D. BURT, S. P. CLURMAN, and T. T. WU 

Astro- Electronics Division, DEP, Princeton, N. J. 

rr HE primary function of satellite tape I recorders is to store information ac- 
quired during phases of the orbit when 
there is no direct communication link 
between the satellite and its ground sta- 
tions. When the satellite is in position 
to establish a communication link, the 
recorded information is read out and 
communicated through the satellite 
transmitting system. A secondary func- 
tion may be provided by a recorder 
which records and reads out at different 
speeds. This function causes bandwidth 
compression or expansion of the original 
data, which may be required for tactical 
reasons. An example of this is a recorder 
which continuously stores low- frequency 

A. D. BURT attended Drexel Institute Evening 
School and University of Pennsylvania during 
1925 -1928, and 1930 -1932. He was a student engineer 
at the General Electric Co., from 1928 to 1930, 

and transferred to RCA Victor Company in 1930, 

as an engineer, where he did development work 
on vibrators, magnetic circuits, phonograph 
pickup, turntable drive systems, and motors. Dur- 

ing this period, he proposed the present geometric 
series of values used for resistors. In 1946, he 

became Manager of the Record Changer and Tape 

Systems engineering section of the RCA Victor 
Home Instrument Division. At AED, he is engaged 
in the evaluation and solution of electromechani- 
cal problems related to tape recorders for satel- 
lite use. He has seven issued patents and has writ- 
ten and presented several technical papers related 

data during, say 95 minutes of orbit 
time, and then reads out all data during 
the relatively short time of ground sta- 
tion contact; say, eight minutes. 

The data to be stored may include any 
of a wide variety of signals, such as 
video, infrared spectrum, inputs from 
sensors measuring physical conditions in 
space, telemetry signals reporting the 
state of the satellite itself, and communi- 
cation relay signals. Most of the discus- 
sion in this paper will refer to the re- 
cording of satellite video signals. 

In addition to its data record- repro- 
duce function, the recorder must be inte- 
grated into the satellite system. This 
usually means that a stringent budget of 

to phonographs and tape recorders. Most recently 
he co- authored a technical article, "The History 
of the Phonograph," at the request of the 
"Encyclopedia Britannica." 

STANLEY P. CLURMAN received a BSME degree 
from the City College of New York in 1941, and an 

MS degree from the Stevens Institute of Technology 
in 1945. In 1941, he joined the Curtiss Wright Pro- 

peller Division, where he advanced to Senior Stress 

Analyst; from 1946 to 1948, he was a member of 
the staff of MIT and worked on a Navy materials 
study program. Later, he became project engineer 
with Sperry Gyroscope Company. He served as 

Chief Mechanical Engineer of the Hogan Labora- 
tories, New York City, from 1951 to 1955. Mr. 
Clurman joined AED in 1958, and is now an Engi- 

weight, power, and space has been al- 
lotted to the recorder. Finally, extreme 
ruggedness and reliability must be de- 
signed and demonstrated in order that 
it survive the launch and orbital environ- 
ments, and to ensure continued opera- 
tion over increasingly long missions. 

The object of this paper is to discuss 
some of the more recent recorder devel- 
opments and considerations at the RCA 
Astro- Electronics Division since the 
launching of the first TIROS satellite.' 

SYSTEM REQUIREMENTS FOR RECORDERS 

Satellite projects which require re- 
corders usually invoke specifications 
which include type of signals, signal 
bandwidth, storage capacity, weight, 
power, size, etc. 

An example of such system specifica- 
tion occurred in the program for the 
NIMBUS weather satellite. The NIMBUS 

project required the development of two 
high -performance recorders: an Ad- 

vanced Vidicon Camera System (Avcs) 
recorder and a High Resolution Infra- 
red (HAIR) recorder? 

The AVCS recorder was specified as a 
four track, single -speed machine which 
records and reproduces three channels 
of video signals and one timing channel. 
The three video signals are received 
from three independent vidicon cameras, 
each of which scans 800 Tv lines per pic- 
ture in 6.5 seconds. Each video signal 
has a bandwidth of 60 kc and is fre- 
quency- modulated by the recorder's cir- 
cuitry before being recorded on tape. 

nearing Leader in charge of advanced recorder 
design. He was part of the original team that 
developed the first TIROS recorder. During 1960 -62, 

he was responsible for all satellite recorder work at 

AED, including those for TIROS, NIMBUS, OGO, 
and several classified programs. He has contrib- 
uted to work on dielectric tape storage devices. 
He did early development work on continuous - 
motion film transports, magnetic couplings, and 
vacuum -mechanical material considerations. He is 

now responsible for work on the tape transport for 
the NASA pre -prototype dielectric camera, of the 

panoramic scan, continuous- motion film type. Mr. 
Clurman is a senior member of AIAA, SMPTE and 

IEEE and a member of Sigma Xi. He has published 
three technical papers and has ten patents issued 

to him. 

T. T. WU received his BSEE from Syracuse Uni- 
versity in 1952 and his MSEE degree from Columbia 
University in 1957. Before joining RCA, Mr. Wu 
worked on the design of material handling equip- 
ment and automatic controls. Mr. Wu joined the 

Astro- Electronics Division in 1958, where he spe- 

cialized in logic- system, tape- recorder, and circuit 
design. He designed and developed circuits for 
the NIMBUS AVCS and HRIR tape recorders, the 

digital work generator for Project DAMP. He also 

worked on the analyst console for Project ACSI- 
MATIC and the sun -angle computer for the TIROS 

ground station. 

(Editor's Note: Mr. Wu recently left RCA, and 

his photograph was not available.) 
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Each video tape track is capable of 
storing 64 individual picture frames, in- 
cluding a tape wastage allowance for 
stopping and starting the transport be- 
tween each frame. The timing channel 
carries a 50 -kc subcarrier signal which 
is amplitude -modulated 50% in accord- 
ance with a standard Minitrack pulsed 
timing signal. 

The HRIR recorder was specified as a 
four track, two -speed machine which re- 
cords one channel of infrared analog 
data and one timing channel for an inter- 
val of 128 minutes, and reads out all 
data in 8 minutes. The infrared input 
signal has a bandwidth of 5 kc, and is 
also frequency -modulated by the re- 
corder's circuitry before being recorded 
on tape. The timing data is a 10 -kc sub- 
carrier signal which is amplitude -modu- 
lated 50% for Minitrack timing pulses, 
similar to the AVCS unit. Recording at 
low speed, the recorder runs for 64 min- 
utes from start to end -of -tape and re- 
cords on two tracks. At the end -of -tape, 
the motor is automatically reversed, and 
the input signals are switched to the 
alternate two tracks. This extends the 
recording time to 128 minutes with a loss 
of approximately 1 second of data dur- 
ing the reversing interval. During re- 
production, the tape speed is increased 
to eight times the recording speed, and 
all four tracks are read out in parallel, 
in 8 minutes. Two of the tracks are read 
out, of course, in the inverse sequence to 
that in which they were recorded. 

For both recorders, it was specified 
that the flutter be kept to a minimum, 
consistent with the resolution of the rest 
of the system. Both recorders were re- 
quired to have a maximum uncompen- 
sated angular momentum of 0.015 lb- 
in -sec. 

DESIGN OF THE MAGNETIC 
HEAD -TAPE SYSTEM 

The use of FM subcarrier recording for 
video signals involves both advantages 
and disadvantages for the recorder de- 
signer. The advantages are: There need 
be less concern with flatness of response 
or partial loss of signal level than would 
be the case for "direct" recording, since 
FM demodulation, when preceded by full 

Fig. 1- Response curve of magnetic heads. 
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limiting circuitry, is virtually Am- insen- 
sitive. There is less concern with har- 
monic distortion ; in fact, limiter circuits 
reduce all signals to square waves at one 
point in the playback process. A disad- 
vantage is that the signal -packing den- 
sity of the tape is reduced below that 
possible in "direct" recording. 

In the NIMBUS recorders, we have used 
full metal -faced magnetic heads with 90 
microinch (0.000090 -inch) gaps. When 
used in conjunction with tape having 
thin oxide coating, we have been able to 
reliably use maximum subcarrier pack- 
ing densities of 4,000 cycles /in. Since the 
NIMBUS AVCS video signal is transformed 
into a subcarrier frequency which devi- 
ates between 120 and 73 kc, the selected 
tape speed of 30 ips causes a maximum 
packing density of 4,000 cycles /in and 
a minimum packing density of 2,433 
cycles /in. At these high packing densi- 
ties, no bias is required for good sub- 
carrier reproduction. Saturation record- 
ing is used, and the record -head current 
is varied with frequency to give the opti- 
mum playback signal level. Fig. 1 shows 
the playback characteristic of the AVCS 

magnetic head at a tape speed of 30 ips. 
The optimized recording current is also 
shown here. In typical four -channel 
heads, the four individual characteristics 
are matched within 2.5 db within the 
usable range of 73 to 120 kc. 

Signal erasure is most commonly ac- 
complished by fixed permanent magnets, 
in order to reduce circuit complexity. 
This is only feasible where information 
may be destroyed during the first play- 
back and, where playback is permissible 
during rewind, after recording. Mechani- 
cally moveable magnets are regarded as 
undesirable devices for satellite appli- 
cation. 

A situation in which permanent -mag- 
net erasure was not permissible existed 
in the HRIR recorder, since two pairs of 
tracks were recorded in series by tape 
reversal and head switching. A fixed 
permanent magnet would erase the first 
pair of tracks during recording of the 
second pair. To meet this problem with 
a minimum of components, two identical 
four -channel head blocks are used. Dur- 

Fig. 2- Closeup of transport. 

ing recording, two channels in the 
"downstream" block carry the recording 
current while two channels in the "up- 
stream" block perform erasure. After 
tape reversal, the two previously unused 
pairs of channels are used similarly, but 
the "upstream" and "downstream" roles 
are reversed. The result is that, in each 
block, two channels are used for erasure 
and two channels are used for record- 
ing. During playback, only two heads 
in each block are used. 

TRANSPORT DESIGN 

In the design of our transports, we have 
followed the concept of minimizing the 
number of elements in contact with the 
tape, including the elimination of edge 
guiding components, since these tend to 
generate new disturbances in the tape 
movement. We have also used transport 
configurations in which the magnetic 
coating does not make moving contact 
with any surface, except for the neces- 
sary case of the magnetic heads. This 
approach reduces tape wear and maxi- 
mizes the tape life. 

Such a configuration is used in the 
tape transport shown in Fig. 2. In this 
picture, the magnetic heads have been 
removed to show the capstan area 
clearly. The tape is stored on and ex- 
changed between two coaxial reels which 
are in parallel planes, approximately 
3/4 inch apart. 

The tape leaves one reel, passes 
around a series of four rollers, and 
enters the second reel. Two of the roller 
axes are inclined at slight aigles to the 
reels' axis in order to lead the tape out 
of the plane of one reel and into the 
plane of the second reel. These angles 
are computed so that, if all components 
were perfect, the tape would track per- 
fectly. To correct for any unavoidable 
small errors, however, two of the rollers 
are slightly crowned to provide a restor- 
ing action for any small lateral displace- 
ments of the tape. 

The tape passes around one of the rol- 
lers twice -once upon leaving one reel, 
and again upon entering the second reel. 
This roller is belt- driven by the motor, 
and serves as the tape -drive capstan. The 

Fig. 3 -Reel torquing techniques. 

DIRECT REEL TORQUING 

DIFFERENTIAL REEL TORQUING 
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capstan has an effective tape wrap of 
nearly 360 °. The double contact of the 
tape with the capstan constitutes, in ef- 
fect, a closed -loop system; this tends 
to cancel out, at the capstan, disturbing 
torques due to some low -level transients 
in the tape tension. 

An additional factor which is neces- 
sary to permit the above mechanism to 
function is a technique for providing 
positive tape tension. This is done by 
constant -torque "Negator" springs, 
which torque the two reels in opposite 
directions. The resultant tape tension is 
nearly constant, and is independent of 
the direction of tape motion, the tape 
speed, and the presence of motor torque. 
Since the tension is always present, and 
the tape has a large angle of wrap, a 
very satisfactory frictional grip between 
the tape and capstan is developed, and 
the capstan can drive the tape without 
the need of pressure rollers. This is a 
desirable situation, since pressure rollers 
must be regarded as noise generators. 

A brief discussion of the Negator 
mechanism will be of interest. If each 
reel were torqued by separate constant - 
torque springs, they could be regarded 
as being torqued by weights hanging on 
strings. This system, shown schemati- 
cally in Fig. 3a, would work well, but it 
has a drawback. The Negator springs 
would have to rotate through the total 
number of reel revolutions. Referring to 
Fig. 4, it will be seen that for the case 
of a 7 -inch diameter reel, 1,200 feet of 
tape would require 740 turns of the reel. 
It is not feasible to get this large a num- 
ber of turns directly into Negator 
springs. Some form of gearing could be 
used, of course, to couple the springs to 
the reels and reduce the number of turns. 
In any high -quality recorder, however, 
it is usually desirable to eliminate all 
toothed gearing, no matter how indi- 
rectly it is coupled to the tape -head 
realm. 

If the spring system is mounted on one 
reel and coupled to the other reel the 
two reels are torqued one against an- 
other (Fig. 3b). The springs now "see" 
only the relative turns between the two 
reels. Again in Fig. 4, for the same ex- 

ample of a 7 -inch diameter reel, it will 
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Fig. 5- Underside view of transport. 

be seen that the maximum number of 
relative turns between reels is 50 for 
1,200 feet of tape. This is a reduction in 
required spring rotation to nearly 1/15 
of the total reel turns, and permits a 
feasible spring design. It also reduces 
the spring energy, and, therefore, the 
spring weight, for the case cited, to 1/30 
that for direct torquing! 

The Negator spring mechanism for 
the NIMBUS tape transport is visible in 
Fig. 5 facing the base casting on the side 
opposite that of the reels. 

Motor Drive System 

The hysteresis- synchronous type motor 
has been widely used in RCA satellite 
recorders. It is, admittedly, not the most 
efficient motor type available. However, 
it has a number of other important ad- 
vantages. It provides an exactly constant 
speed, when driven by a precision oscil- 
lator, without any of the complications 
or "dither" of a servo system. It has good 
starting- torque characteristics, and, 
since its rotor has no specific orienta- 
tion, it has none of the difficulties (char- 
acteristic of polarized -rotor synchronous 
motors) of pulling into synchronism 
with high- inertia loads. Since no brushes 
are involved, the reliability is high and 
is limited only by the failure rates of ball 
bearings and stationary windings -an 
irreducible minimum for conventional 
motors. It permits the use of power -sav- 
ing circuitry. By starting the motor at 
high voltage and switching to a lower 
value after synchronous speed has been 
reached, the rotor is magnetized to a 
higher level than if operated at the lower 
voltage. 

Low levels of flutter are usually re- 
quired in a precision satellite recorder. 
It is, therefore, important that the motor 
not contribute significant disturbance to 
the mechanical system. A hysteresis 
motor, when powered by regulated AC 

voltage, has no torque variation except 
for a slight ripple due to the cyclic varia- 
tion of magnetic -reluctance path during 
the course of one rotor revolution. When 
the motor is a high -speed type -pow- 
ered, for example, at 400 cycles -this 
torque ripple will be 400 cycles and 800 
cycles, and will generally be well- 

Fig . 6-Breadboard of the planetary drive. 

attenuated at the tape -drive capstan. 
Moreover, a high -speed motor (e.g., 
6,000 to 12,000 rpm) , when coupled to 
the capstan by a low- compliance trans- 
mission like a Mylar belt, will contribute 
a significant flywheel effect to the cap- 
stan motion. 

Speed Changing Techniques 

In applications where more than one 
tape speed is required, we have used one 
of two techniques. If the speed- change 
ratio is less than 10:1, we have used 
combinations of pole switching and 
electrical- frequency change. A typical 
case is the motor for the NIMBUS HRIR 

recorder, which has two independent 
windings, permitting operation as a 
4 -pole or 8 -pole motor. By switching 
from 400 -cycle energization of the 8 -pole 
motor, the rotor speed is dropped from 
12,000 rpm to 1,500 rpm. 

When the required speed- change ratio 
is much larger than 10:1, this technique 
becomes undesirable, since the lower - 
speed mode of operation will become 
very inefficient, and will transmit in- 
creased torque ripple. For higher -speed 
change ratios, we have developed a two - 
motor, belt- and -pulley planetary trans- 
mission. This system is illustrated best 
by the breadboard -demonstration model 
in Fig. 6. Here, two motors are coupled 
to the same output shaft by a planetary 
belt mechanism. The output -shaft speed 
will be the sum of the input contribu- 
tions from each motor. Each motor is 
coupled through an appropriate reduc- 
tion ratio to the planetary- system input. 
By driving either motor singly, and im- 
mobilizing the second motor, the output 

Fig. 7- Prototype planetary drive. 

www.americanradiohistory.com

www.americanradiohistory.com


shaft speed may be changed over any 
ratio required. An interesting option of 
this system is that it can provide a four - 
speed transmission device if the two 
motors are operated both singly, as de- 
scribed above, and also, simultaneously 
with like and opposite directions of rota- 
tion. This scheme, however, will only 
allow independent selection of two of the 
speeds. 

An extremely valuable second attri- 
bute of this device for two -speed applica- 
tions is that it will permit using, for the 
low -speed mode, a low -power motor 
which does not have to fill the needs of 
the high -speed mode. When power bud- 
gets are extremely low, and also differ- 
ent for high- and low -speed modes, a 
designer may be extremely grateful for 
this situation. A prototype of the plane- 
tary drive for another tape recorder de- 
signed by RCA is shown in Fig. 7. 

In the design of speed- change mecha- 
nisms we have, in general, avoided 
clutches and other time -honored me- 
chanical speed switching devices in 
favor of purely electrical switching. This 
has been done for reasons of reliability. 

Angular Momentum Compensation 

The attitude of an earth -oriented satel- 
lite is controlled by a stabilization sys- 

tem which has a limited corrective 
capacity. When a tape recorder starts 
or stops, a reactive torque is developed. 
This will have an affect on the satellite 
attitude. Also, while the recorder is 

running at constant speed, there is a 

gyroscopic effect which increases the 
effective inertia which the stabilization 
system must control. Both of these 
effects will degrade the precision of atti- 
tude control, and will waste energy in 
the stabilization system. Both of these 
effects are proportional to the net angu- 
lar momentum of the recorder, and both 
effects will be eliminated if the net angu- 
lar momentum can be made equal to 
zero. 

This condition requires that in = 0 at 
all positions of the tape on the reels and 
at all positions of the Negator springs 
between the reels. In this design, the 
change in momentum resulting from 
these two variables is sufficiently com- 
plex to preclude meeting the condition 
/S2 = 0 with any simple means of com- 
pensation. Increasing the diameter of 
the reel hubs will reduce the variation 
resulting from each of these variables 
for a given length of tape. The price 
paid for such a reduction, however, is 
an additional fixed value of momentum, 
additional weight, and an increase in 
size. 

Consideration of all of the several 
factors resulted in the selection of a hub 

diameter of 6.00 inches for a tape length 
of 1,250 feet. With 1.0 -mil -base Mylar 
tape, this results in a build -up to 7.56 - 
inch diameter (hub plus tape) when all 
of the tape is on one reel, and to 6.82 - 
inch diameter when half of the tape is 
on each reel. These diameters result 
in a reel turn -differential of some 36 
turns. Two Negator springs are em- 
ployed to maintain the tape tension over 
this differential. The action is such that 
the springs are wound on a "sun" hub 
fixed to one reel when all the tape is on 
either reel. When half of the tape is on 
each reel the Negator springs are wound 
on two "planet" hubs, mounted on the 
other reel. 

The tape velocity, as it is unwound 
from one reel and wound on the other, 
is a constant and is determined by the 
surface velocity of the capstan. This 
results in not only a change in inertia, 
but a change in angular velocity of the 
reel -tape system as well. This, together 
with the cyclic transfer of Negator- spring 
material, results in the rather complex 
variation in angular momentum of the 
reel- tape -Negator system. The reel -tape- 
Negator system rotates in a direction 
opposite to that of the motor- pulley- 
roller system. The former varies in an- 
gular momentum, while the latter has a 
constant angular momentum. Early in 
the design, an analysis showed that the 
angular momentum of the reel -tape- 
Negator system exceeded that of the 
motor -pulley -roller system. The logical 
point to add the compensating momen- 
tum is at the capstan shaft, since it 
serves there a dual function of momen- 
tum compensation and flywheel action 
which reduces wow and flutter. 

Experimental tests using a ballistic 
torsional pendulum, and without any 
compensating flywheel on the capstan 
shaft, gave an "average" value of 0.27 
lb -in -sec of uncompensated angular 
momentum. A flywheel was designed to 
compensate this value of angular mo- 
mentum using a dense alloy -Heavimet 
-to keep its weight at a minimum. 

Fig. 5 shows the flywheel mounted on 
the capstan shaft. Fig. 8 shows the ex- 
perimental results obtained with this 
flywheel incorporated into the tape 
transport. 

RECORDING ELECTRONICS 

The AVCS and HRIR systems require FM 

modulators to modulate the video signal 
before its recording on the tape. These 
systems also have AM recording elec- 
tronics for recording reference or clock 
signals. 

The FM modulators used in these sys- 
tems are voltage -controlled oscillators 
(vco) which are DC coupled to provide 
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low frequency response. These vco's 
incorporate specially developed circuits, 
and their performance surpasses that of 
the corresponding modulators in the 
Tubas weather satellite. The new cir- 
cuits have extremely high linearity over 
a very wide range of modulation; high 
frequency stability -as little as 0.004 
% / °C variation; improved reliability; 
symmetrical square wave output ; and 
high -precision frequency and deviation 
setting. 

The improvements are due to a basic 
change in design. On TIROS, the vco 
utilizes a free -running multivibrator as 
an oscillator. One of the problems in- 
herent in multivibrator circuit design is 
a small probability that the multivibra- 
tor might not oscillate when the oc 
power is applied. In the NIMBUS sys- 
tem, a relaxation oscillator is used which 
will not lock -up under any condition. 
The relaxation oscillator generates a 
linear sawtooth waveform, by charging 
a capacitor from a current source and 
by discharging it through a high -speed 
switch. The sawtooth waveform is used 
to trigger a flip -flop which produces a 
symmetrical square wave with constant 
amplitude. In the AVCS system, a hybrid 
tunnel diode and transistors are used in 
the high -speed switch. The fall time of 
the sawtooth is about 0.04 µsec, while 
the sawtooth period is variable from 5 
to 7 µsec. The AVCS circuit is designed 
to produce a square -wave output of 73 
kc when the input is -6.5 volts, and 
120 kc when input is -11.5 volts. In 
the HRIR system, an all- transistor circuit 
is used, because of lower frequency re- 
quirements. The circuit produces a 10 -kc 
square -wave output when the video sig- 

Fig. 9- Hermetically sealed recorder. 
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nal is 0 volts, and 8.25 -kc output when 
the video signal is -6 volts. The linear- 
ity of these circuits is from 0.1 to 0.2 %. 
The temperature stability is 0.02 % / °C 
for AVCS, and 0.004 % / °C for HRIR, over 
the temperature range between 0 and 
50 °C. To record the reference fre- 
quency which is Am- modulated by the 
Minitrack signals, a simple, direct, 
record amplifier is used for recording. 
The high- frequency bias normally used 
in direct recording is eliminated, since 
it is not required to reproduce with high 
linearity in this case. 

In the HRIR system, electronic 
switches are used to switch record, 
erase, and playback signals between two 
pairs of head. 

PLAYBACK ELECTRONICS 

During the playback, the video signal 
is amplified, limited, and filtered in both 
the AVCS and HRIR systems. The pream- 
plifier is designed for low noise, high 
gain, and low power drain. It is fol- 
lowed by a limiter circuit to remove any 
amplitude modulation due to the head - 
response characteristics or tape dropout. 
The harmonics generated in the limiting 
process are then removed by a low -pass 
filter. 

The reference frequency, with Mini- 
track modulation, is reproduced by a 
high -gain preamplifier. Since it repro- 
duces only the reference frequency, a 
compensation network such as used in a 
conventional direct reproduce system is 
not necessary. The elimination of the 
compensation network reduces the size 
and weight of the circuitry. 

POWER INVERTER 

The recorders use AC motors. It is neces- 
sary to have a power inverter to convert 
primary satellite DC power to AC power 
to drive the motor. The TIROS recorder 
system required a oc power input of 
about 18 watts to the power inverter, 
compared with 2 or 3 watts for the elec- 
tronics. Thus, any increase in power - 
inverter efficiency will markedly reduce 
the total recorder power- system require- 
ment. 

In the Avcs and HRIR systems, partic- 

Fig. 10- Recorder packaging. 
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ular attention has been paid to the cir- 
cuit and transformer design to increase 
the overall efficiency well above 90 %. 
In addition, a high -voltage start and re- 
duced voltage -run method is used to 
reduce further the DC power require- 
ments. In the present design, the DC 

power requirement is approximately 8 
watts to the power inverter to drive the 
recorder motor after it has been 
switched to its running voltage. 

A latching relay is used to provide 
the means of switching output- trans- 
former taps under load. To avoid dam- 
age to the relay contacts from arcing, 
and to avoid switching transients to the 
power transistors, zener diodes are used 
for suppression. The original circuit 
was still operating without miss or de- 
gradation after 1.8 million operations. 

In the AVCS motor circuit, a novel 
braking system is used to provide a 
quick stop. The braking is done elec- 
trically, in the motor, whenever DC 

power is removed. A latching relay is 
used to do the switching, and no power 
is need for this circuit. A life test was 
conducted on this relay with no failure 
in 1 million cycles of operation. The 
electrical braking reduces the stopping 
time from more than 4 seconds to about 
0.5 second. Further, it provides a small 
residual magnetic locking torque to pre- 
vent the coasting due to Negator spring 
torque. Since no mechanical linkage is 
used in this system, no wear -out prob- 
lem is present, and high reliability is 
assured. 

ENCLOSURE DESIGN 

The transport and all circuitry are en- 
closed with a hermetically sealed en- 
closure, shown in Fig. 9. Some idea of 

the interior packaging arrangement may 
be obtained from Fig. 10, in which the 
upper half of the enclosure has been 
removed. Each vertical array of cir- 
cuitry consists of two epoxy -fiberglass 
circuit -board assemblies which have 
been cemented together for mutual stiff- 
ening. Each ensemble is then given a 

conformal coating of epoxy resin to im- 
mobilize all components and leads. 

Fig. 11-Video test pattern. 

The enclosure is hermetically sealed 
by a Viton O -ring joint and pressurized 
with 16 psi of a gas consisting of 90% 
nitrogen and 10% helium, the latter be- 
ing included to permit measurements of 
leakage rates. The maximum allowable 
initial leakage rate for an enclosure 
while in a high vacuum chamber is 1 X 
10 -i cm /sec. Using this initial leak rate, 
and assuming an exponential rate of 
decay of pressure, it has been calculated 
that the pressure will reach 0.1 psi, ab- 
solute, in 23 years. This is regarded as 
still pressurized, as far as outgassing 
effects of lubricants and other materials 
are concerned. 

PERFORMANCE 

During steady -state operation, the AVCS 

recorder draws 10 watts at 24.5 volts -uc. 
The HRIR recorder draws 9 watts in its 
high -speed mode and 7 watts in the low - 
speed mode, at 24.5 volts DC. 

These units will operate without dam- 
age or degradation of performance 
under the highest laboratory vacuums, 
and within temperature ranges of -15 
to +60 °C. They will survive, without 
damage, vibration levels of 25 g -ums, 
and random noise between 20 and 2,000 
cps. 

Typical flutter values for the AVCS 

recorder are 0.02 % -Rms between 0.5 and 
30 cps, and 0.10 %a -Rms between Dc and 
5,000 cps. 

A more meaningful demonstration of 
the recorder's capability may be seen 
in the 800 TV line video samples (shown 
in Figs. 11 and 12 ) , which were re- 
corded and played back by the AVCS 

recorder functioning as a link in the 
complete video system. 
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Fig. 1 -The GEMINI recorder. 

HIGH -PACKING -DENSITY 
DIGITAL RECORDER FOR THE 

GEMINI SPACECRAFT 

In instrumented, orbiting spacecraft, much data must be continually recorded 
and then very quickly read out during the short period of the orbit when it 
is in telemetry contact with a ground station. This lightweight (I4.5- pound), 
low -power (12.5 -watt) digital recorder -reproducer for the GEMINI two -man 
spacecraft records two channels of pulse- code -modulated information simulta- 
neously at 5,120 bits /sec for 4 hours at a tape speed of 17/g ips. Packing 
density is 2,730 bits per linear inch on each track, with reproduction errors of 
less than I in 105 bits. Complete read -out is at 411/4 ips in a total of 10.9 
minutes. 

A. S. KATZ 

Magnetic Recording Equipment Engineering 
Communications Systems Division, DEP, Camden, N.I. 

MNNED spacecraft missions have A 

brought about numerous advances 
in digital telemetry technology. A vital 
link in such telemetry systems is the 
digital PCM (pulse code modulation') 
recorder -reproducer. Such digital re- 
corders are needed in spacecraft tele- 
metry systems for continuous montior- 
ing and recovery of instrumentation data 
generated by the spacecraft systems. 
Since the spacecraft can communicate 
directly with ground stations via a trans- 
mission link for only a small portion of 
its mission, a recorder -reproducer sys- 
tem must continuously record vital data 
and then reproduce that data in the 
shortest possible time when the space- 
craft is in contact with a ground station. 
Sophisticated digital magnetic record- 
ing techniques had to be developed to 
meet this requirement. 

SPACECRAFT RECORDER REQUIREMENTS 

A digital telemetry recorder -reproducer 
for manned spacecraft must be ex- 
tremely compact and light in weight, 
and it must consume minimum power. 
The amount of data storable by such a 
recorder and the accuracy of reproduc- 
tion must be maximized. The recorder 
must also perform reliably throughout 
the rugged environment of the orbital 
and re -entry phases of the mission while 
remaining within the severe constraints 
of space vehicles. 

The PCM recorder -reproducer, devel- 
oped by the Magnetic Recording Engi- 
neering section of RCA's Communica- 
tions Systems Division for the GEMINI 
two -man space flight, has been designed 
to meet such requirements (Figs. 1 -3) . 

A. S. KATZ graduated from the Drexel Institute of 
Technology, Philadelphia, in 1957 with a BSEE; he 

received his MSEE in 1963. He joined RCA Airborne 
Systems Division upon graduation in 1957. Mr. Katz 

was responsible for design and development of 
the missile auxiliary electronics for the ASTRA 

program and an Electrical Panel Simulator for the 

Army. He has two patents pending on special pulse 
measurement equipment for a missile check -out 

system. He has also participated in the design of 
digital logic circuitry and complex sweep genera- 
tors for an Optical Character Recognition System. 

He joined the Magnetic Recording Equipment En- 

gineering Department of the Surface Communica- 
tions Division in early 1960. At that time he was 

given the responsibility for the design of a new 

method of recording and playing back digital in- 
formation for which he has a patent pending. 
Mr. Katz was responsible for developing new tech- 
niques and circuitry to increase the packing density 
of digital information on magnetic tape, beyond 
the present state -of- the -art; this program resulted 
in the diphase recording technique for which he 

has a patent pending. Mr. Katz is currently the 
Design Project Engineer for the GEMINI recorder 
prog ram. 

GEMINI RECORDER DESIGN FEATURES 

The GEMINI recorder -reproducer is con- 
tained within 431 cubic inches, weighs 
14.5 pounds, and consumes only 12.5 
watts of power. It can continuously re- 
cord two channels of PCM information 
simultaneously at 5,120 bits /sec, for 4 
hours at a tape speed of We ips. On 

Fig. 2 -A. Witchey (left) and H. Z. Weaver 
adjust the front plate of the capstan drive 
system. The recorder is assembled in a con- 
trolled environment which along with 100% 
ports inspection are among the many precau- 
tions taken to insure high reliability. (Also see 
front cover, this issue. 
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command, such information is repro- 
duced at 22 times the recorded speed 
(411/4 ips) in 10.9 minutes. 

The use of an advanced recording 
technique permits the recording of the 
digital information on magnetic tape at 
a packing density of 2,730 bits per linear 
inch of tape on each track. Information 
is reproduced with error rates of less 
than 1 in l0r' bits. To accomplish this 
accuracy over the entire mission, specific 
consideration was given to the tape 
transport design and to the selection of 
recording and reproduction techniques. 

Compactness a Necessity 

It was necessary to design a mechanical 
system (within the allowable size and 
weight) which was structurally suffi- 
cient not only to withstand the vibration 
and shock of the launch and re -entry 
phases of the mission, but also to impart 
a minimum of spurious head -to -tape 
motion, thus minimizing jitter of the 
reproduced data. Since relative head -to- 
tape separation (on the order of 0.1 mil; 
i.e., 0.0001 inch) with resultant signal 
amplitude variations can be expected 
during the high- vibration periods of 
launch and re- entry, the recording tech- 
nique had to be (for accurate detec- 
tion) independent of the amplitude of 
the reproduced signal. 

Magnesium For Low Weight 

The tape transport (Fig. 4) consists of 
a stuctural magnesium laminated motor 
board on which the two coaxial reels, 
capstan drive system, 24- volt- Dc- to -400- 
cps two -phase power inverter, and elec- 
tronics are fastened. For minimum 
weight and maximum strength, mag- 
nesium was used extensively. 

Hysteresis Speed Converter For Low Jitter 

Since a coaxial reel system is used, it is 
necessary to transfer tape from one reel 

Fig. 3 -G. S. Newcomb (left), and E. R. Ware 
conduct an environmental test in the Camden 
Environmental Test Facility to check perform- 
ance under extensive vibration, equivalent to 
that of the spacecraft re -entry phase. 

Fig. 4 -Tape transport assembly; 
all ports are mounted on a magnesium motor board. 

1. Flanged reel outer 10. Torque tube bearing 20. Connector, micro 
2. Disk -upper reel ass'y 11. Bearing retainer miniature 
3. Spur gear pinion 12. Motor board 22. Bracket, connector 
4. Retaining ring, external 13. Guide roller block mounting 
5. Retaining ring, internal 14. End of tape switch 25. Spacer, heat seat 

6. Ball bearings) 16. Capstan drive ass'y 26. Spur, gear drivtn 
7. lower reel 17. Magnetic head 27. Ball bearing 
8. Bearing retainer 18. Magnetic head 28. Spool, negator 
9. Post, reel bearing 29. Spring, negator 

to another by executing two 90° twists 
in the tape. The twists in the tape set up 
differential stresses across the width of 
the tape which cause it to seek a natural 
path through the capstan and head as- 
sembly. Dynamic skew measured across 
the tape indicates a total skew of less 
than 50 microinches (0.000050 inch). 

The requirement for a drive mechan- 
ism capable of imparting a dual tape 
speed with minimum jitter, while con- 
forming to the overall requirement for 
minimum size, weight and- power, re- 
sulted in the design of a hysteresis speed 
converter. This drive mechanism em- 
ploys no mechanical contacting parts 
and is operated in a manner similar to 
that of a hysteresis motor. The speed 
converter operates in a choice of two 
speed modes by energizing either of two 
stationary coils, thus magnetically cou- 

piing the capstan shaft to the motor via 
the selected polyester belt system. 

The high- frequency oscillatory corn - 

ponents of the motor are not transmitted 
(as jitter) to the capstan, since the 
polyester belt system is essentially a low - 
frequency bandpass filter, filtering out 
the high -frequency jitter components. 

The use of a precision 400 -cps two - 
phase frequency source in conjunction 
with a hysteresis synchronous motor and 
belt drive results in a total RMS low - 
frequency capstan speed variation of 1 

part in 1,000. 

Constant Torque- Constant Tension 

The tape reel assembly consists of two 
coaxial reels and two dynamically bal- 
anced, constant -tension spring assem- 
blies. A total of 2,300 feet of polyester 
base tape (0.25 inch wide and 0.83 mil 
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Fig. 5- Simplified diphase system block dia- 
gram showing the record and playback 
modes. 

thick) is stored and exchanged between 
the two coaxial reels. Tape tension is 
maintained by the essentially constant - 
torque, constant -tension spring system 
which torques one reel against the other 
and eliminates the need for reel motors. 
The reel hub -assembly can be attached 
to an adapter for playback of the re- 
corded tape on a standard (National 
Association of Broadcasters) hub. 

Low Magnetic Head Maintenance 

The magnetic heads are of all -metal con- 
struction in keeping with the design 
requirements for long life and minimum 
maintenance. The magnetic heads re- 
quire no maintenance for 750 hours of 
continuous use. At the end of that 
period, the heads are cleaned and the 
tape changed as a preventive mainte- 
nance precaution. Heads of similar con- 

Fig. 6- Diphase system waveforms. 
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struction have endured up to 3,000 hours 
of sustained use with less than 3 -db loss 
in playback signal amplitude. Both re- 
cord and playback heads have a gap 
length of 90 microinches, which provides 
the required definition of the record and 
playback signals. Full -width intertrack 
shielding is used to minimize cochannel 
interference. The geometry of the mag- 
netic tape track conforms to IRIG 
(Inter -Range Instrumentation Group) 
telemetry standards for 0.25 -inch -wide 
tape. 

Modified Diphase Technique 

The recording and accurate reproduc- 
tion of digital information on magnetic 
tape at a packing density of 2,730 bits/ 
inch on each track necessitated the 
development of a signal -processing tech- 
nique for digital recording. Conven- 
tional techniques for the recording of 
digital information are severely limited 
at packing densities in excess of 1,000 
bits /inch. Inadequate pulse resolution, 
pulse crowding, and tape skew are 
among the many limiting factors. The 
signal processing technique, which is the 
RCA modified diphase system, encodes 
the digital information prior to record- 
ing and, on playback, decodes and re- 
converts the reproduced signal into 
standard NRZ (non- return -to -zero) form. 

The application of the RCA modified 
diphase system to the recording art has 
been based on a thorough analysis of 
the problems inherent in the design of 
a high- density digital recording system. 
Eliminated are the serious problems of 
pulse crowding and tape skew which 
arise when conventional NRZ recording 
techniques are extended to high packing 
densities. The system is also insensitive 
to extreme variations in playback signal 
amplitude due to tape inperfections and 
head -to -tape separation. The diphase 
technique is essentially a phase -modu- 
lated carrier process. RCA and others 
have used phase -modulation technique 
extensively for data communications be- 
cause of its high performance in narrow - 
bandwidth channels. Since a magnetic 
tape recording system at high packing 
densities is quite similar in behavior to 
a normal communications channel, 
phase modulation is a natural candidate. 

SPACECRAFT RECORDER OPERATION 

A simplified block diagram and associ- 
ated waveform chart are shown in Figs. 
5 and 6. The incoming clock and inverted 
HZ (return -to -zero) data are each fed to 
separate trigger inputs of a binary flip - 
flop. The flip -flop undergoes a transition 
on the negative -going edge of both the 
clock and the inverted RZ data signal. 

By defining a bit cell as shown on the 
waveform chart, it may be seen that a 
transition occurs in the center of bit cell 
each time a logical 1 is received, and no 
transition occurs in the center of bit cell 
when a logical 0 is received. 

The output of the flip -flop is termed 
the diphase signal, since the digital in- 
formation is inherent in the change in 
phase (or lack of change in phase) in 
the center of a bit cell. The diphase 
signal is then fed to the record amplifier. 

During the reproduce mode the signal 
picked up by the magnetic head is fed 
to the playback amplifier. Here it is 
amplified approximately 60 db, filtered, 
and equalized in order to compensate for 
the effects of the head -to -tape system. 
The equalized signal is then fed to an 
input coupler where approximately 40 
db of hard limiting is provided, with the 
result that the system is insensitive to an 
amplitude variation up to 40 db in the 
reproduced signal. 

The squared -up diphase signal is fed 
simultaneously to the timing extractor 
and decoder. The timing extractor con- 
sists of a precision one -shot, monostable 
multivibrator whose period is set to a 
3/4 -bit cell. The one -shot is triggered 
from the leading edge of each diphase 
bit. In this manner, timing pulses are 
accurately positioned in the last 34-bit 
cell on a bit -by -bit basis. In the decoder, 
the timing pulses are used to interrogate 
the phase of the squared -up diphase 
signal. The phase of the diphase signal 
is interrogated with consecutive timing 
pulses; thus, a 0 is detected whenever 
a change has occurred in the polarity of 
the diphase signal between any two con- 
secutive timing pulses. If, however, the 
polarity of the diphase signal is identical 
at the sampling times of two consecutive 
timing pulses, a 1 has occurred. Essen- 
tially, the detection of a 1 or a 0 is 
dependent on the change (or lack of 
change ) in polarity of the diphase sig- 
nal at the sampling times of any two 
consecutive timing pulses. The detected 
output in NRZ form is fed to a transmitter 
via a PCM filter for transmission to a 
ground station. 

CONCLUSION 

The GEMINI recorder- reproducer de- 
scribed here is presently undergoing 
extensive testing to determine its per- 
formance in an environment similar to 
that which it will encounter in space 
flight. It is scheduled for use in the first 
Project GEMINI two -man space flight. 
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MAGNETIC HEAD DEVELOPMENT AND DESIGN 

The Magnetic Head Engineering group of the Broadcast and Communications Products 

Division is responsible for the development, design, and product support for all the heads 

required for RCA's line of commercial video tape recorders. In addition, the group develops 

special heads for other RCA areas such as Applied Research, Communications Systems 

Division, and Missile and Surface Radar Division of DEP. It has in the past supplied designs 

to Electronic Data Processing for the present line of computer tape stations. Special skills 

and equipment are utilized to constantly improve the state of the art. Reviewed herein are 

some of the engineering considerations, materials, and techniques. 

B. F. MELCHIONNI, Mgr. 
Audio, Projector, Magnetic Head, and Scientific Equipment Engineering 

Broadcast and Communications Products Division 

Camden, N.T. 

IN ANY magnetic recording system, the 
focal point is the magnetic head; 

here, the information is transferred to 
the tape, disk or storage drum to be 
played back at some future time. On 
playback, the recording procedure is 
reversed and information on the mag- 
netic storage medium excites the head 
and is played back through the record- 
ing system. Thus, the substantial design 
and development effort concentrated on 
the magnetic head is vital to both com- 
mercial and defense applications of tape 
recording systems. 

EARLY ALL -METAL HEADS 

When RCA entered into the data -pro- 
cessing field in the early fifties with the 
BIZMAC computer, the Magnetic Head 
Engineering activity that is now part of 
the Broadcast and Communications 
Products Division (BCP) was formed 
to design the necessary heads for the 
tape transport. The magnetic head de- 
signed for the BIZMAC recorder was one 
of the first all -metal heads in computer 
work. Other heads had been built where 
only metal contacted the tape but this 
was done by undercutting the plastic 
potting compound around the heads. 
This is an interesting consideration in 
the design of a stationary head where 
the tape will be moving across it. Most 
data recording heads consist of a num- 
ber of individual tracks in one basic head 
structure; some heads also require a 
read gap immediately following the 
write gap, doubling the number of gaps 
per track in a particular head assembly. 

MULTIPLE -HEAD STRUCTURES 

In the design of a multiple -head struc- 
ture, the most common approach is to 
have the heads flush with the surround- 
ing support structure. This type of head 
is simpler to fabricate in production and 
is adequate for most tape stations em- 
ploying a properly designed pressure 
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pad to keep the tape in contact with the 
head. 

In the design of some tape systems, a 
more intimate contact than that de- 
scribed above is required ; furthermore, 
it cannot be attained by simply increas- 
ing the force on the pressure pad be- 
cause of the adverse effects on tape sta- 
bility. This problem has been overcome 
in several of our head designs by making 

the pole pieces proud in the vicinity of 
the gap. This technique allows the tape 
to make most intimate contact with the 
gap and not the support structure. How- 
ever, this intimate and at times necessary 
type of contact increases head wear. 

CONSIDERATIONS OF HEAD WEAR 

Head wear, ever present in contact re- 
cording systems, is likened to dragging 

TABLE I- Glossary of Terms 

Track Width: The width of the recorded track on the tape. 

Head Gap: A physical break made by the insertion of non- magnetic material between 
the pole pieces. 

Gap Length: Sometimes referred to also as gap width. It is usually expressed in micro 
inches (1V inch) and is the controlling factor in determining the resolving characteristics 
of the head assembly. Reducing the size of the gap increases the resolution but also lowers 
the output. Increasing the tape speed will increase resolution but also increase head 
wear. Optimum head design requires striking the best balance between these interrelated 
parameters. 

Pole -Face Depth: The depth of the gap to allow for head wear. Control of this dimension 
is critical in multichannel heads to obtain uniform output. 

Proud Head: A head design where the pole piece is raised above the surrounding surface 
for maximum contact with the tape. In actual practice the tape is deformed and literally 
flows over the head and gap. 

Pole Pieces: The parts of a head structure that carry the magnetic flux from the core 
to the gap and tape. 

"PROUD" 
POLE PIECE 
STRUCTURE 

4e GAP LENGTH 

POLE FACE 

DEPTH 

TRACK 
WIDTH 

SUPPORT 
STRUCTURE 
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a metal bar across the pavement : the rate 
of wear is a direct function of the pres- 
sure per unit area and of the distance 
the bar is dragged across the pavement. 
In the most popular flush -head design, 
both the heads and the surrounding sur- 
facets contact the tape. This results in 
more evenly distributed forces and. sub- 
sequently. less bead wear per lineal foot 
of tape. In the present proud head de- 
sign. the tape contacts only the pole tips. 
and the pressure per unit area increases 
with a subsequently higher rate of wear. 
However. this greater head wear has 
been a willing sacrifice to obtain the 
higher performance desired. 

With the use of harder pole -tip ma- 
terials and assembly techniques we have 
been able to build heads that have 
achieved the intimate contact required 
without any loss in head life. Such a head 
was designed specifically for the DEP 
Missile and Surface Radar Division 
( MSR I High -Speed Precision Instru- 
mentation Tape Recorder: 

To solve the wear -vs- performance 
problem required the special skills and 
facilities of the Magnetic Head Group. 
Initially. a head using proud pole pieces 
with conventional laminations was tried 
by MSR. Although this head met all the 
original specifications when tested on a 
loop machine, it would not maintain such 
performance for any length of time when 
put on a reel -to -reel machine; this was 
due to the wearing of the pole tips at the 
relatively high speeds -thus, creating a 
smearing of the gaps. A complete new 
head design program was then under- 
taken by the BCP Magnetic Head De- 
sign Group using new and different head 
materials and configurations. The new 
heads were fabricated successfully and 
are now in use on this system with excel- 
lent results. 

ADVANCED HEAD DESIGN FOR 
RCA ELECTRONIC DATA PROCESSING 

The basic head deigns for RCA Elec- 
tronic Data Prom- ing (EDP) product 
line of computed tape stations were done 
by the BCP Head Design Group for the 
RCA 501, 601, and 301 systems.`' The 

Fig. 1 -RCA 501 head. 

B. F. MELCHIONNI graduated from the Temple 
University Technical Evening School in 1951. Since 
1947 he has been a member of the Broadcast Studio 
Engineering staff. During this period he has en- 
gaged in the development and design of broad- 
cast transmitter equipment, television cameras, 
television film projectors, television and audio tape 
recorders and other television terminal equipment, 
in addition to his work in magnetic recording 
heads. He is currently Manager of the Audio, 
Projector, Magnetic Head, and Scientific Equip- 
ment Engineering group of the Broadcast and TV 

Equipment Division. He is a member of the SMPTE. 

heads for the 501 and 301 systems were 
of relatively conventional designs with 
16 and 7 tracks, respectively. The RCA 
601 system, however, required a read and 
write gap in the same head displaced by 
0.2 inch. This created additional prob- 
lems of providing good shielding to as- 
sure minimum crosstalk between chan- 
nels as well as between the read and 
write gap lines. Both C and / configura- 
tions were developed ; the C sections with 
their windings are part of the main head 
halves and the / return sections; they are 
imbedded in the center section used to 
support the shielding between the read 
and write gaps. 

In the design of magnetic heads for 
multichannel systems employing narrow 
tracks. the uniformity of output is quite 
critical from channel to channel. This is 
a problem in tape guiding as the tape 
wanders across the head differently on 
different machines; to minimize this ef- 

Fig. 2 -The TRADEX head. 

feet and to reduce the requirements in 
the transport design, the recording heads 
have a slightly wider track than those of 
the playback heads. 

Where high bit -densities and ex- 
tremely accurate timing between tracks 
is required. it is necessary to hold the 
gap scatter very accurately; when this 
is coupled to a read -write headconfigu- 
ration with a relatively thin center 
section. special techniques must be em- 
ployed. A head to meet such require- 
ments was developed and built for an 
Advanced Development program in EDP. 
This special head employed a unique 
floating center section, which, when 
clamped to the head halves, would not 
deform the gap lines formed by the 
lapped faces of the two halves. Gap scat- 
ter requirements of about 25 micro - 
inches (0.000025 inch) has been met on 
heads using this technique. 

MAGNETIC HEAD APPLIED RESEARCH 

An integral part of any magnetic head 
development and design activity is the 
constant search for improved materials 
that will yield higher sensitivity and in- 
creased life. Thus, such research goes on 
constantly, on company- sponsored pro- 
grams. The results of this research are 
put into practical use as soon as possible 
and then the cycle starts again to push 
the state -of- the -art still further. Much of 
this work is applicable to fixed heads for 
longitudinal recording (such as the high - 
performance heads previously described) 
as well as to the more pressing prob- 
lems confronted in rotating -head assem- 
blies such as the video headwheel panel.' 

The first RCA video panels using an A 
configuration head design (Fig. 4) were 
developed by H. R. Warren's group 
when he was a member of DEP Applied 
Research. Two pole tips of alfenol (an 
alloy of aluminum, iron, and nickel) 
were used with a cross bar of ferrite 
which carries the coil. Such a configura- 
tion resulted in a very short flux path in 
the pole tips; this was necessary because 
of the high loss -characteristics of alfenol 
in magnetic circuits. 

The sensitivity of this magnetic head 

Fig. 3 -MH -582 read -write head for 
RCA 601 station. 
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Fig. 4- Photomicrograph enlargement of "A" 
head configuration; white circles in the en- 
largement are actually the cross section of the 
coil wires. 

was adequate and headwheel panels 
were used successfully for many years in 
RCA video tape recorders for commer- 
cial as well as military applications. 
However, head wear seriously limited the 
useful life of the panel. With the high 
head -to -tape speeds (approximately 
1,560 ips) employed in the viedo re- 
corder and with the high head -to -tape 
pressures required to get the intimate 
contact necessary for high -quality per- 
formance, the only solution remaining 
was to improve the wear characteristics 
of the pole -tip material; at the same 
time, any possible improvement in sen- 
sitivity would surely be welcomed. 

With these goals in mind, a major 
breakthrough was accomplished in 1960 
when an aluminum- iron -silicon alloy was 
found. This was pursued by RCA and is 

now the alfecon pole tip material cur- 
rently in use in all RCA video head - 
wheel panels produced for commercial 
use. 

Many variations of the alfecon alloy 
were tested for wear and sensitivity be- 
fore the present alloy was selected. When 
the final selection was made exhaustive 
life tests were carried on in the labora- 
tory; accelerated life tests were all but 
meaningless and the tests had to be 
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performed finally under actual operating 
condiitons. The new alloy proved to be 
capable of increasing the life (in actual 
practice) by a factor of about 3 or 4; 
this increase in life substantially re- 
duces user costs to run the machine. 

With this increase in life, came a 

gratifying increase in sensitivity which 
enables the heads to be driven less in 
recording; nevertheless, the proper sig- 
nal level from the system was retained 
in playback with a slightly better signal - 
to -noise ratio. Since June 1962, the new 
head material has been used on all head - 
wheel panels. Needless to say, customer 
acceptance has been most gratifying. 

NARROW -TRACK HEADWHEELS 

As the state -of- the -art progressed with 
the new pole -tip material, industry was 
ready for a machine running at half the 
then sole standard speed of 15 ips. It 
was reasoned that with the increased life 
(approximately four times that of the 
previous material) , a head could be 
made only half as wide -and although it 
would wear at approximately twice the 
rate of the standard head, it would pro- 
vide the user a two -to -one advantage 
over the older design. This was true 
enough provided the loss in signal (be- 
cause of the narrower track ) would not 
become a problem; although no problem 
did arise, the shorter life seemed to be 
a step backward. 

With this problem confronting us, 
another design program was based on 
improving the standard alfecon head. 
In January 1962, a new pole -tip configu- 
ration head -assembly was demonstrated 
successfully. This pole -tip configuration 
( Fig. 5 ) is similar to that of the standard 
head assembly used for 15 ips which 
lays down a 0.010- inch -wide track. The 
only difference is that pole tips are 
notched in the vicinity of the gap down 
to 0.005 inch wide for 71/2 -ips tape speed. 

The Fig. 5 narrow -track configuration 
satisfied all new requirements of mini- 
mum loss in head -to -tape contact area 
and maintained substantially the same 
life for either type of head assembly. 

The narrow -track headwheel was also 
adapted in July 1962 by the DEP Com- 
munications Systems Division for special 
applications such as octaplex head - 
wheel.` 

HIGH- SPEED, WIDEBAND RECORDING 
REQUIREMENTS 

Specific design proposals are often based 
on use of an existing equipment but with 
much greater bandwidth requirements; 
such an application is the Wideband 
Recording System.' This basic design is 
similar to the standard quadraplex 
panel; but, to meet bandwidth specifica- 
tions, the headwheel panel must rotate 
at approximately 28,800 rpm, twice the 
speed of the standard panel. 

A standard air -bearing panel was re- 
worked to include a new headwheel 
assembly containing eight heads for a 
dual -channel system; this method re- 
quired a new head with a shorter ferrite 
to improve efficiency of the head. Also, 
a different assembly structure was re- 
quired to withstand the higher centri- 
fugal forces developed at the higher 
speeds. To minimize crosstalk between 
sets of heads, the headwheel unit was 
constructed with a set of slip rings on 
either end of the shaft (Fig. 6) ; wires 
to the upper slip ring are fed through a 
hollow shaft which carries rotor and 
wheel assemblies. 

A LOW -SPEED APPLICATION 

Concurrent with the design of the high- 
speed panel for Applied Research, a 
low -speed panel based on our standard 
video headwheel panel was also de- 
signed (Fig. 7) . This headwheel runs 
at a much lower speed, providing a 
200:1 reduction in head -to -tape speed, 
and allowing for a 200:1 expansion in 
the time base of the signal. 

3- HEADED ASSEMBLY 

Another program for DEP Applied 
Research was the development of a 
three -head wheel assembly for DEP's 
helical scan machine. The final unit 
employed a larger- diameter headwheel 
with three heads; head design was simi- 
lar to the standard video arrangement in 
which heads are imbedded in the wheel. 
Assistance was given to Applied Re- 
search in the design of the wheel and 
the drum, specifically in the area of the 
aerodynamic problems associated with a 
slant -track recording transport. The 
headwheel shaft is a belt- driven, air - 
bearing assembly with relatively large 
bearing surfaces. 

.005 

Fig. 5 -View looking down on a narrow -track head. 

.010 
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Fig. 6 -A high- speed, dual -channel, dual -speed panel. 

MAGNETIC HEAD PRODUCTION 

Closely allied to the Magnetic Head 
Engineering Activity is the Magnetic 
Head Production Facility, which is part 
of the Broadcast and Communications 
Division manufacturing operation. This 
manufacturing facility has produced all 
of the heads for RCA's EDP tape trans- 
ports designed by the Magnetic Head 
Engineering activities. 

Additionally, this production facility 
manufactures the video headwheel pan- 
els for the RCA Television Tape 
Recorder. This panel is very exacting in 
its requirements and has necessitated a 
new approach in production and in the 
necessary engineering support. In con- 
junction with the factory, a constant 
evaluation and improvement program is 
carried on to improve the performance 
and reliability of the panel as well as 

Fig. 7 -A low- speed, dual -channel, dual -speed panel. 

to improve production techniques for 
these very precise assemblies. 

CONCLUSION 

The Magnetic Head Engineering Group 
is primarily a product design and de- 
velopment activity; but, due to the 
nature of the work, the advance develop- 
ment aspects and the production re- 
quirements must remain closely related. 
To this end, much advanced develop- 
ment work is carried on by this same 
activity. 

Constant engineering effort to im- 
prove the state -of- the -art in magnetic 
head design assures a quality of per- 
formance necessary to support the mag- 
netic recording industry in its constant 
quest for better performing, more eco- 
nomical tape systems. Major improve- 
ments in basic heads are promised in 

Fig. 8 -A three -head wheel arrangement for slant -track recording. 

the future, based on work now underway 
in conjunction with the RCA Labora- 
tories in the area of improved materials 
and head configurations. 
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HEAD -TAPE RELATIONSHIP IN 

DIGITAL -DATA MAGNETIC RECORDING SYSTEMS 

The performance of magnetic tape recording systems is limited by various 

parameters of the tape coating and the read -write heads. This paper presents 

a qualitative description of the mechanisms involved in these performance 
limitations, and outlines the direction future developments must take to ensure 

further improvement in the performance of digital -data magnetic -tape 
recording systems. 

HE hysteretic magnetic behavior of T materials is well - 
known. This behavior is described by 
the familiar diagram of Fig. 1. If a 

ferromagnetic material is subjected to 
a magnetic field H. which is sufficiently 
strong to drive the material into mag- 
netic saturation, the material retains a 
residual magnetism called the satura- 
tion remanent induction B after the 
magnetizing field is removed. Simi- 
larly, when a field -H of the opposite 
polarity is applied and removed, the 
material retains a residual magnetism 
-Be. Thus, a ferromagnetic material 
possesses two distinct and reproducible 
states of remanent induction. This 
property makes these materials natural 
candidates for use in digital data -stor- 
age systems, where the +B, state may 
represent a 0 and the -B, state a 1. 
Indeed, magnetic storage devices have 
become indispensable elements in digi- 
tal systems. These storage devices 
have taken the form of a variety of 
types of core memories and also of 
several types of moving- medium re- 
cording systems such as magnetic 
drums, disks, and tapes. 

Each of these magnetic storage de- 
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vices has its particular set of advan- 
tages and shortcomings and, hence, 
performs most effectively in a certain 
type of application in a digital system. 
Magnetic -tape recording offers the ad- 
vantage of providing an almost -un- 
rivalled density of stored information 
when measured in terms of the number 
of bits per unit volume of the storage 
medium. This capability, combined 
with the reliability and convenience of 
use which are now possible, and with 
the fact that the data recorded on a 

magnetic tape can be erased com- 
pletely or changed bit by bit as desired 
explains the popularity of this form of 
storage. Despite these advantages. a 

continued search is underway for im- 

proved materials, components and 
techniques for increasing the recorded 
density of information which can be 
reliably handled by a magnetic tape - 
recording system. A number of more 
or less sophisticated circuits and tech- 
niques have been devised for use in 
conjunction with the basic tape- record- 
ing elements to increase significantly 
the capabilities of the system. Never- 
theless, certain fundamental limitations 
in performance remain which are in- 
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herent in the magnetic and mechanical 
relationship between the tape and the 
recording and playback heads which 
write and read out the signal. 

It is the purpose of this discussion to 
outline the basic head -tape relation- 
ships in order to show qualitatively the 
types of limitation existing in present - 
day magnetic- recording equipment and 
to indicate the direction which de- 
velopments must take to further in- 
crease the density of recorded informa- 
tion. 

THE RECORDING PROCESS 

In modern commercial digital mag- 
netic -tape recording systems the re- 
cording medium consists of a smooth, 
flexible plastic tape usually between 
10 a and 2 x 10' inch thick, on one 
surface of which a coating of magnetic 
material has been deposited. The thick- 
ness of the coating is commonly be- 
tween 0.1 X 10' and 0.5 X 10' inch. 
A high- precision mechanical transport 
pulls the tape at a nearly constant 
speed over a recording head, with the 
magnetic coating of the tape close to or 
in contact with the pole faces of the 
head. The head consists of a magnetic 

Fig. I - The magnetization hysteresis loop of 
a ferromagnetic material. 
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core on which is wound a coil carrying 
a magnetizing current. A fringing 
magnetic field extends outside the core 
in the region of a non -magnetic gap 
in the core, and the tape coating be- 
comes magnetized as it passes through 
this fringing field. The recording situ- 
ation is shown diagrammatically in a 
sectional view in Fig. 2. The polarity 
of the magnetization in the tape de- 
pends. of course, on the polarity of the 
currents in the coil of the recording 
head, and the tape may be left in either 
of its two remanent states correspond- 
ing to forward or reverse directions of 
current flow. If the direction of current 
flow is reversed at various times as the 
tapes move past the head, a correspond- 
ing pattern of remanent magnetization 
will be left in the tape coating, as 
sketched in Fig. 3. If the tape travels 
a considerable distance between the 
times of current reversal, the bound- 
aries between regions of opposite po- 
larity in the tape are clearly defined 
when measured in terms of the distance 
of tape travel per unit time. 

However. if the switching rate is 
increased without a corresponding in- 
crease in tape speed the boundary be- 
tween adjacent regions of opposite 
polarity becomes less and less definite 
until, ultimately, a small region sur- 
rounded by oppositely- magnetized re- 
gions can no longer be resolved. At the 
same time phase shifts may occur which 
will introduce timing errors in pulses 
reproduced from the tape in playback. 
In order to describe these effects we 
will now consider in more detail the 
magnetic field in the neighborhood of 
the recording gap and the way in 
which the field configuration influences 
the recording process. 

THE RECORDING FIELD 

The magnetic field lines in the fring- 
ing field associated with the non -mag- 
netic gap in the recording head follow 

almost semi -circular paths between the 
portions of the core on opposite sides 
of the gap. Only in the region very 
close to the gap do the field lines de- 
viate greatly from semi -circular paths. 
Such a fringing field is sketched in a 
cross- sectional view in Fig. 4. In gen- 
eral, at any point above the pole pieces 
the fringing field will have both a 
longitudinal component (parallel to 
the tape motion ) and a perpendicular 
component (perpendicular to the sur- 
face of the tape). The longitudinal 
component is almost entirely respon- 
sible for the magnetization on the tape, 
while the vertical component usually 
produces only second -order effects. This 
is the case because the longitudinal 
component is the stronger of the two 
in the region of the fringing field 
through which most of the tape coating 
passes, and also because the coating is 
given a preferred magnetic axis in the 
longitudinal direction during manufac- 
ture of the tape. Consequently, only 
the longitudinal components of the 
field will be considered here. 

The results of a calculation of the 
longitudinal field component around 
the gap are plotted in Fig. 5. The ordi- 
nate gives values of the field strength 
in terms of H /H,,, where H. is the 
field strength inside the gap where the 
field is uniform. The abscissa is the 
distance in the direction of tape travel 
away from the central plane of the 
gap, measured in units of x/1 where l 
is the gap length. The various curves 
plotted correspond to various dis- 
tances above the surface of the pole 
faces, measured in units of y /l. The 
plots of Fig. 5 show the field in air. 
The configuration of the field is altered 
only slightly by the presence of mag- 
netic tape on the head', since the per- 
meability of the tape is quite small 
(a 4). 

Gap lengths between 0.1 X 10-9 and 
10-9 inch are used in commercial 

Fig. 2 - Magnetic tape recording process. 
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equipment. Gap lengths as short as 
0.02 X 10-9 inch are sometimes used in 
experimental equipment. Since the 
thickness of the tape coating is com- 
parable to the gap length, there will be 
a considerable difference in the mag- 
netizing -field strength at various depths 
in the coating as it passes over the 
recording gap. The separation between 
the head and the tape coating is also 
a factor in determining the configura- 
tion of the field through which the 
tape passes. In some applications the 
head is intentionally spaced from the 
moving coating by about 0.1 X 10-9 
inch to reduce wear. Even when "in- 
contact" operation is intended, an effec- 
tive separation exists due to roughness 
of the tape surface. This effective sepa- 
ration has been estimated to range be- 
tween 0.02 X 10-9 and 0.1 X 10-9 inch, 
depending on the condition of the tape 
surface. 

With this background, let us now 
consider the magnetization process in 
the tape as it passes the recording gap. 

MAGNETIZATION OF THE TAPE 

Another way of depicting the magnetic 
hysteresis of the tape coating will be 
useful in this discussion. As was shown 
in Fig. 1, when the material is satu- 
rated by a sufficiently- strong applied 
field and the field is then reduced to 
zero, the material is left in a remanent 
state, B. If the material is saturated, 
and subsequently a field of the oppo- 
site polarity and of any magnitude is 
applied and reduced to zero, the mate- 
rial will be left in some other remanent 
state. If the remanent induction is 
measured for each of a number of 
values of applied field, a hysteresis loop 
such as is shown in Fig. 6 results, in 
which H is the value of the applied 
field and Br is the remanent induction 
resulting from each value of H. For 
qualitative purposes the loop of Fig. 6 
may be thought of in terms of the 

Fig. 3- Pattern of magnetization in a magnetic tape coating. 
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Fig. 4 - The magnetic field in 
the vicinity of a recording gap. 

parallelogram completed by the dashed - 

line extensions at the corners of the 
loop. Thus, H, is defined, as before, as 
the field which results in the maximum 
remanence B,. A minimum field Ha is 
required before any change in rema- 
nence can be observed. 

The magnetic characteristics de- 
scribed by Fig. 6 can now be combined 
with the gap field described by Fig. 5 

to predict the pattern of magnetiza- 
tion impressed on the tape when 
the current is reversed in the re- 
cording head. As an illustrative ex- 
ample let us take a case in which the 
gap and tape dimensions are such that 
the front surface of the tape coating 
will be spaced by 0.1 i and the back 
surface by 0.75 l from the recording - 
head 'surface. In order to relate the H /H. 
ordinate of Fig. 5 to the H abscissa of 
Fig. 6 we must take into account the 
necessity of saturating the tape coating 
throughout its entire thickness as it 
passes the recording gap. This is an 
important requirement for digital re- 
cording systems in which the signs of 
individual bits must be reversed. If a 
saturating field did not extend com- 
pletely through the tape, variations in 
head -to -tape spacing or in instantaneous 
recording current might cause an in- 
complete removal of previously -re- 

Fig. 7- Pattern of magnetization in a tape 
coating following a step- function reversal of 
the recording field. 
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Fig. 5- The longitudinal component of the field 
at a recording gap. The y/I parameter refers to 
distance above the surface of the recording head. 

corded information, with the result that 
the signal -to -noise ratio would be de- 
graded, and the probability of an error 
in read -out would be increased. There- 
fore, as a minimum requirement in the 
present example, the field strength 
above the center of the gap at a dis- 
tance of 0.75 l above the head should 
be H,. The value of H below which 
the magnetization in the tape is not af- 
fected, will be determined by Fig. 6 
and can be located on the ordinate of 
Fig. 5. Horizontal dashed lines indi- 
cating the levels of H, /Ho and HA /H, 
have been drawn in Fig. 5. The inter- 
sections of these lines with the family 
of curves determines the region in 
which recording takes place at the vari- 
ous distances above the head. 

When a steady current of the re- 
quired magnitude flows in the head, 'all 
of the tape which has passed the gap 
will be saturated in one polarity. If the 
direction of the current is reversed, all 
portions of the tape in regions where 
the field is greater than H, at that in- 
stant or which subsequently move 
through these regions will be saturated 
in reverse polarity. All portions of the 
tape which do not encounter fields 
greater than Ha will retain the original 
polarity of saturation. At the instant of 
current reversal some portions of the 

Fig. 8 -Pattern of magnetization in a tape 
coating for a short -duration reversal of the 
recording field. 
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tape will be in regions where the field 
has values between Ha and H,. These 
portions will be left with values of 
remanent induction between B, and 
-B , in accordance with the character- 
istic shown in Fig. 6. The resulting 
pattern of magnetization on the tape is 
depicted in Fig. 7. Instead of a sharp 
plane of demarcation between regions 
of positive and negative saturation in 
the tape there is a sizeable region of 
transition, indicated by the shaded area 
in Fig. 7. Within this region the rema- 
nent induction decreases gradually 
from B. to zero to -B,. The locus of the 
points of zero field is indicated by the 
dotted line. The exact shape of the 
transition region is strongly dependent 
on the absolute field strength, the gap 
and tape dimensions, and the magnetic 
characteristics of the tape. The impor- 
tant fact to note is that a transition 
region exists having dimensions com- 
parable to the tape thickness and the 
gap length, and that the region is 
shortest at the front surface of the 
coating and may become very extensive 
at the more remote surface. The transi- 
tion region lies, for the most part, 
beyond the trailing edge of the re- 
cording gap. 

The manner in which the transition 
region is a factor limiting the record- 

Fig. 9 -The magnetic tape playback process. 
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ing resolution (or the density of re- 
corded information) becomes apparent 
when the qualitative analysis just made 
for a step function in the recording 
current is extended to the case of a 
short -duration pulse. In this case, after 
a short interval following a current re- 
versal, a second reversal returns the 
current to its initial polarity, and two 
transition regions are left in the tape 
as sketched in Fig. 8. Since the transi- 
tion regions overlap, a portion of the 
first region is overlaid and reversed in 
polarity by the second region. Conse- 
quently, the volume of the coating left 
saturated by the first reversal is smaller 
than would be the case if the transi- 
tion regions were of infinitesimal ex- 
tent, and the signal representing the 
recorded pulse will be reduced in mag- 
nitude in playback. If the pulse dura- 
tion is made so short that the reduced 
magnitude of the signal in playback is 
close to the noise level, a readout error 
may occur. Although it is not imme- 
diately evident, and the mechanism 
will not be considered further here, it 
can be shown that the alteration of 
the magnetization pattern in the tape 
due to recording short -duration, closely - 
spaced pulses results in timing errors 
in readout as well as the errors due to 
the reduced magnitude. In some appli- 
cations the timing errors may be more 
serious than the errors arising from 
the reduced magnitude of the pulses. 

On the basis of the preceding discus- 
sion, one can suggest certain directions 
in which developments should move to 
reduce the limitations on the attainable 
information density in the recording 
process. The obvious moves are to make 
the gap length shorter, to make the 
tape- coating surface smoother and 
thereby provide a more intimate tape - 
head contact, to make the tape coating 
thinner so all portions of the coating 
will traverse the recording field at 
nearly the same distance from the head 
surface, and to provide a recording 
medium having a BR -vs -H characteristic 
which has steeper sides (a square -loop 
characteristic). When the coating is 
made thinner, a material having a 
higher Bs should be used to maintain a 
sufficiently high output with the re- 
duced volume of material. Also, with 
the thinner coating a more wear- resist - 
ant material will be required. Recent 
studies' have suggested that while a 
medium having a square -loop charac- 
teristic may be desirable for reducing 
errors due to a reduced magnitude of 
pulses in playback such a characteristic 
may not be best for reducing timing 
errors, and that in some applications a 
compromise may be required. This 
point deserves further experimental and 
analytical investigation. 

HEAD -TAPE RELATIONSHIPS 
IN PLAYBACK 

In addition to the limitations imposed 
by the recording process, other, and 
comparable, limitations are imposed by 
the head -tape relationships existing in 
the playback process. In order to iso- 
late the playback from the recording 
effects we will suppose the magnetic 
recording medium to contain an ideal 
pattern of magnetization, i.e., to be 
uniformly magnetized through the thick- 
ness of the coating and to have regions 
of opposite polarity separated by in- 
finitesimally -short transition regions in 
planes perpendicular to the tape sur- 
face and to the tape motion. This is the 
situation depicted in Fig. 3. The limi- 
tations inherent in playback are pri- 
marily geometric in their origin and 
are not critically affected by the mag- 
netic characteristics of the recording 
medium. Three such resolution -limiting 
factors exist. Their effects have been 
termed scanning loss, separation loss, 
and azimuth loss. Since these factors 
have been known for many years and 
have been described in many places in 
the technical literatures 4, they will be 
discussed only briefly here. 

By way of background, the basic 
playback process will first be described 
with reference to Fig. 9, which depicts 
an ideally- magnetized tape moving over 
the pole pieces and the gap in the play- 
back head. Field lines leaving the tape 
in the vicinity of the gap enter the 
core on one side of the gap and follow 
paths through the core to re -enter the 
tape on the other side of the gap. As 
the tape moves past the head, the vary- 
ing pattern of magnetization in the 
tape causes the number of field lines 
passing through the core to change in 
magnitude and polarity with time with 
the result that a time -varying EMF is 
generated in the coils wound on core. 
The EMF is proportional to the time - 
rate-of- change of the magnetic field, so 
that ideally the voltage at the terminals 
of the playback head is proportional to 
the derivative of the remanent magnetic 
induction in the tape as it passes the 
head. Hence, a rectangular pulse re- 
corded on the tape produces a positive - 
going spike and a negative -going spike 
in the readout signal. If the recorded 
pulses have transition regions between 
segments of opposite polarity the read- 
out pulses, instead of being ideal 
spikes, take the form of positive and 
negative pulses of considerable dura- 
tion and of smaller magnitude. A cor- 
responding loss in resolution occurs. 
This, however, is a manifestation of the 
limitation in the recording process 
already discussed. The first playback 
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Fig. 10 - Playback scanning loss for recorded 
sine waves. 
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Fig. 11 - Playback separation loss for re- 
corded sine waves. 
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Fig. 12 - Azimuth loss for recorded sine waves. 

limitation to be considered will be the 
scanning loss. 

SCANNING LOSS 

Scanning losses occur when the gap 
length of the readout head is com- 
parable to the length of the pulses re- 
corded on the tape. Clearly, if a train 
of pulses has been recorded such that 
the gap length is equal in extent to 
two adjacent pulses of opposite polar- 
ity the net number of field lines thread- 
ing the core is zero for any position 
of the tape along the head, and no 
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electrical signal is developed. Even be- 
fore this extreme condition is reached 
the magnitude of the readout signal is 
reduced by an amount depending on 
the ratio of the pulse length to the gap 
length. The mathematical analysis of 
scanning losses has been carried out for 
recorded sine waves with the result 
shown in Fig. 10. Here the abscissa is 
the number of wavelengths per inch on 
the tape and the ordinate is the scan- 
ning loss measured in decibels. Curves 
for several lengths of playback gap 
are shown. The curves of Fig. 10 rep- 
resent the playback response to a 
recorded sinusoidal magnetization pat- 
tern. They can be related to recorded 
rectangular pulses by considering the 
number of Fourier components re- 
quired to give an adequate synthesis of 
the pulses. Between five and ten Fourier 
components usually must be passed 
without serious attenuation if signal 
deterioration due to scanning loss is to 
be negligible. This, clearly, requires a 
short gap length in a high -resolution 
recording system. 

SEPARATION LOSS 

In the playback process, as in the re- 
cording process, a reduction in resolu- 
tion occurs if the magnetic coating is 
not in intimate contact with the head. 
Theoretical values of the separation 
loss as a function of the number of 
wavelengths per inch of tape, with 
separation as a parameter, are plotted 
in Fig. 11 for recorded sine waves. As 
in the case of scanning loss, these data 
can be applied to the case of recorded 
pulses in terms of the number of 
Fourier components which must be 
passed without attenuation to ade- 
quately represent the pulses. The sepa- 
ration loss is a function of the ratio of 
the head -to -tape spacing and the wave- 
length and amounts to approximately 
55 db loss per wavelength of separa- 
tion. Since the thickness of the tape 
coating may not be negligible in com- 
parison to the recorded pulse lengths, 
the separation loss will be different for 
distances from the head surface into 
the coating, and short -wavelength com- 
ponents will suffer more attenuation 
than the long- wavelength components. 
If the separation loss in playback is 
to be minimized, the coating surface 
should be very smooth to permit an 
intimate head -tape contact, and the 
coating should be thin to avoid serious 
relative loss of the short -wavelength 
components. 

AZIMUTH LOSS 

A recorded track on a tape always has 
an appreciable width in order to pro- 
vide a reasonable signal -to -noise ratio 
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and to make the head -track alignment 
feasible mechanically. Because of the 
finite track width it is highly desirable 
that the azimuth angle. i.e., the angle 
which the gap edges make with the 
direction of tape travel at each instant 
be precisely controlled. If the tape be- 
haved in exactly the same manner in 
every passage over the recording and 
playback heads, azimuth angle vari- 
ations would not present a problem. 
However, even in the best tape trans- 
ports some variability in azimuth angle 
inevitably occurs. This is due to toler- 
ances in the dimensions of the tape and 
of the tape -guidance system, and to 
lateral curvature or skewing of the 
tape. Consequently, the azimuth angle 
in playback often will be somewhat 
different from the angle at the instant 
of recording. Hence, the gap in the 
head will be reading different phases of 
the recorded signal from one edge of 
the track across to the other edge, with 
the result that a partial cancellation of 
the signal occurs in the head. This 
leads to losses of the type plotted in 
Fig. 12 where the loss in decibels is 
shown on the ordinate and the number 
of recorded sinusoidal wavelengths per 
inch along the tape is shown on the 
abscissa. The parameter for the four 
curves is the product of track width 
and the difference in azimuth angle in 
recording and playback. These curves 
can be applied to pulse recording by 
again considering the Fourier compo- 
nents. For high- density recording sys- 
tems the tape -guidance system must be 
made to control the tape motion very 
precisely, indeed. 

Azimuth angle variability also pro- 
duces another type of error, since in 
digital- recording systems a number of 
parallel tracks are recorded on the 
tape. When the azimuth angle is dif- 
ferent in recording and playback, tim- 
ing errors occur between tracks. That 
is, some tracks may be advanced or de- 
layed relative to other tracks as the 
azimuth angle varies, and signals from 
the various tracks which should be read 
out simultaneously are read at different 
instants. Attempts to overcome this 
problem have led to the development of 
a number of sophisticated electronic 
techniques to recognize and correct for 
timing errors. 

CONCLUSIONS 

In this paper we have attempted to 
present a qualitative description of the 
recording and playback processes in 
digital tape -recording systems with em- 
phasis on those factors which offer 
basic limitations to the density of re- 
corded information on the tape. Only 
the most important features could be 

considered. Such factors as the perpen- 
dicular component of the recording 
field, self- demagnetization of the tape, 
the particulate structure of the mag- 
netic coatings, the finite permeability 
of the recording medium and of the 
recording and playback heads also in- 
fluence the system performance but 
usually only in second -order phenom- 
ena. The principal factors controlling 
the recording process are the magnetic 
characteristics of the recording me- 
dium, the thickness of the recording 
medium, the head -to -tape separation, 
and the gap length of the recording 
head. The principal factors controlling 
the playback process are the gap length 
of the playback head, the head -to -tape 
separation, and the thickness of the 
recording medium. In addition, vari- 
ability of the azimuth angle results in 
reduced performance capability of a 

system. Control of the azimuth angle is 
necessary in both recording and play- 
back, although electronic correction 
techniques usually are applied only to 
the playback signal. 

Knowledge of these elementary fac- 
tors has led to improved tape and tape - 
recording systems in RCA as well as 
elsewhere. The direction of develop- 
ment is toward thinner, smoother, more 
wear- resistant tape coatings having 
higher remanent inductions and gen- 
erally square -loop magnetic character- 
istics. Also, shorter gap lengths are 
used in both the recording and play- 
back heads, and more precise trans- 
ports have been devised. Some of the 
limitations due to the head -tape rela- 
tionships can be alleviated to some 
degree by means of sophisticated elec- 
tronic techniques. However, many of 
these techniques can be used even more 
effectively if the basic limitations are 
further reduced. During recent years 
the tape stations in each generation of 
computer have offered significantly in- 

creased capabilities because of the 
developments listed above. And the end 
of such developments is still not in 
sight. 

BIBLIOGRAPHY 

1. E. Della Torre, "The Influence of Mag- 
netic Tape on the Field of a Recording 
Head ", RCA Review, March 1960. 

2. G. Bate, H. S. Templeton and J. W. 
Wenner, "An Experiment on the Effect 
of Particle Orientation on Peak Shift in 
Magnetic Tapes ", IBM Journal of Re- 
search and Development, July 1962. 

3. W. K. Westmijze, "Studies on Magnetic 
Recording ", Philips Research Reports, 
April, June 1953. 

4. J. G. Woodward, "Approaches to Wide - 
band, High -Resolution Magnetic Re- 
cording", Journal of the Audio Engi- 
neering Society, Jan. 1962. 

www.americanradiohistory.com

www.americanradiohistory.com


MAGNETIC TAPE FOR 
HIGH -SPEED APPLICATIONS 

Although magnetic tapes are vital for the operation of computers and video 
recording systems, they form a weak link in the chain of highly sophisticated 
equipment. The design of hardware has progressed at a far higher rate than 
that of the tape, leaving the machines dependent on a marginal product. The 
evolutionary process of tape development is a slow one, the art is known only 
to a few, the approaches are controversial -will this change in the future? In 

support of RCA's substantial business in the television and computer field, as 

well as in audio products (including audio tape) there is in RCA Laboratories a 

continued research effort on magnetic tapes. This paper discusses the state of 
the art of magnetic tape for high -speed applications and some of the problems 
associated in developing products for future needs. 

Dr. H. BAUER 

RCA Laboratories 
Princeton, N. J. 

ONLY twenty years have passed since 
the first reels of magnetic tape came 

off a production line and already indus- 
try -wide sales are approaching the $100 
million mark. This growth appears even 
more remarkable for a product, that has 
not significantly changed since its con- 
ception. What has changed in these 
twenty years, is the rapidly growing 
number of applications for magnetic 
tapes. Today these new applications ac- 
count for three quarters of the total tape 
market; for the next few years they 
promise a 15% to 20% annual growth 
of the market'. In essentially all of these 
new applications the magnetic tape is 
used at "high speeds ", referring in this 
case to the relative speed between the 
magnetic tape and the tape head, regard- 
less of whether the tape slides over a 
stationary head or the head is moved 
over a stationary tape. Most tape appli- 
cations for data processing and for the 
storage of video information fall into 
this category, while the low -speed mar- 
ket is divided between the traditional 
audio recording field and some special 
instrumentation applications. There is 
no sharp separation between the two 
areas, since in addition to tape speed 
other operating conditions also influence 
the stresses on the tape is subjected. 

The actual tape speeds in relation to 
an assumed stationary head range in 
most modern computer tape stations 
from 75 to 150 inches per second. They 
reach 1,600 inches per second or ap- 
proximately 75 miles per hour in com- 
mercial video tape recorders, and this 

figure is often exceeded in special appli- 
cations. Whereas the high tape speeds 
in computer tape stations are essential 
in reducing access time to a particular 
piece of information stored on the tape, 
the tape speeds in video recorders are 
dictated by the high frequency of the 
signals, i.e., by the information density 
per unit time which has to be recorded. 

An advanced commercial computer 
tape is at present able to store 900 coded 
characters per square inch and 600,000 
per cubic inch of tape. This means that 
the information content of approxi- 
mately 150 single- spaced typewritten 
pages can be stored in 1 cubic inch of 
tape. Furthermore, the 600,000 charac- 
ters may be recorded or read in less than 
10 seconds. A reel of tape priced at $50 
may store up to 14 million characters, or 
3,500 typewritten pages, at a cost of 
$3.50 per million characters. 

New computer tapes sold by RCA are 
inspected, repaired and guaranteed to be 
100% dropout or error -free. Depend- 
ing on the conditions of use, they will 
start to show signs of wear and to cause 
errors after 10,000 passes over the 
heads; this point may be reached in 
some rare applications after a few 
hours; in others, it will last for years. 

The performance of magnetic tape in 
storing pictorial information is not quite 
as impressive. Assuming approximately 
equal picture quality or signal to noise 
ratio, video magnetic tape is certainly 
surpassed by photographic film in the 
storage capacity per unit area; the stor- 
age capacity per unit volume of the two 

DR. HERBERT BAUER is a member of RCA Labora- 
tories where he is conducting research on organic 
materials related to electronic applications. He is 

at present responsible for the Laboratories Com- 
puter and Video Magnetic Tape Program. He joined 
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polymer chemistry research. Dr. Bauer received 
his PhD in chemistry from the University of Vienna 
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the University of Graz, Austria, he was awarded 
the National Research Council of Canada Post- 
doctoral Fellowship. He joined the staff of the 
National Research Council in 1953 to conduct re- 
search in carbohydrate chemistry. In 1961, Dr. Bauer 
received an RCA Laboratories "Achievement 
Award" for research in non -silver halide photo- 
graphic systems. He is a member of the American 
Chemical Society, the Austrian Chemical Society, 
the Chemical Institute of Canada, and Sigma Xi. 

media is at present about equal. How- 
ever, the immediate availability of the 
stored information and the ease of copy- 
ing outweigh other factors. 

HIGH -SPEED TAPE REQUIREMENTS 

Most difficulties encountered in the pres- 
ent use of magnetic tapes at high speeds 
can be traced to the unavoidable sliding 
contact between the tape and the mag- 
netic heads. As yet, no practical solu- 
tion avoids this close mechanical cou- 
pling between tape and tape head. 

The necessity for intimate tape -to- 
head contact arises from the need for 
short -wavelength recording and the shal- 
low penetration depth of the magnetic 
impulse into the coating. In a computer 
tape station, a drop -out or error signal 
will result from any imperfection in the 
tape coating which lifts the tape momen- 
tarily more than 0.001 inch away from 
the head, and the computing operation 
will be stopped immediately. In video 
recording systems, where the shortest 
wavelength on tape is in the order of 
0.0002 inch, a separation of the tape 
from the head by only 0.00005 inch will 
reduce the recorded signal by approxi- 
mately 10 db. The signal loss will be the 
same, whether the separation is caused 
by an irregularity inherent in the tape 
surface or by any additional layer inter- 
posed between the tape and the head. 

Problems of friction can rather easily 
be dealt with in mechanical systems 
where a selection of structural mate- 
rials and suitable liquid lubricants is 
available. They become of a different 

31 

www.americanradiohistory.com

www.americanradiohistory.com


ADHESIVE 
SUBCOATING 

Fig. 1- Cross -section of computer tape. 

Fig. 2 -A uniformly crosslinked polymer net- 
work obtains its strength from the even dis- 
tribution of the applied forces over a large 
number of chemical bonds. 
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Fig. 3- Formation of linear polyurethanes by 
reaction of diisocyanates with dials. 

Fig. 4 -Model of an ideally oriented and 
packed magnetic coating. -Average particle 
size of magnetic material. 
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Fig. 5- Comparison of pigment loadings in an 

enamel and a magnetic tape coating. 

Fig. 6- Surfaces of magnetic tape coatings, 
magnification 170x: (top) poor dispersion; 
(bottom) good dispersion. 
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magnitude, however, when the material 
composition is dictated by other require- 
ments such as having specific magnetic 
or electrical properties. The magnitude 
of the abrasive forces becomes appar- 
ent, if the speeds involved and the lack 
of lubricants are considered. The abra- 
sion problem is further magnified by the 
additional, high accelerative forces to 
which the tape is subjected in certain 
computer operations. The tape is alter- 
nately started and accelerated to its full 
speed in 4 to 5 msec and stopped again 
at the same rate, often many times in a 

single second. The exerted accelerative 
forces may amount to 150 times the 
earth's gravitational force and repeat- 
edly extend and relax the whole tape 
structure. The heat of friction raises the 
temperature of the tape surface to 100 
to 230 °F, and has to be dissipated with- 
out affecting other properties. 

From the above it can be concluded 
that the main mechanical properties 
which determine the suitability of a 
magnetic tape for high -speed uses are 
those connected with abrasion resistance 
and surface structure. On the one hand. 
the surface of the tape is required to be 
of almost optical perfection ; the surface 
has to permit a continuous contact of all 
parts of the tape with the tape head. On 
the other hand, a slightly grainy struc- 
ture of the tape surface is desirable to 
avoid the tremendous increase in adhe- 
sive forces connected with ultrasmooth 
surfaces. The magnetic requirements for 
a computer and video tape do not differ 
considerably from those of a good qual- 
ity audio tape. They would, by them- 
selves, be easily attained. Maintaining 
the difficult balance between output and 
wavelength response, and wear and sur- 
face characteristics will be further dis- 
cussed when the magnetic material dis- 
persion problems are considered. The 
build -up and dissipation of electrostatic 
charges resulting from sliding the tape 
over guides and heads presents another 
problem in some magnetic tape coatings. 
In computer tape stations with weigh- 
ing bins, i.e., where the tape is tension- 
less and free to follow electrostatic 
attractions, the problem is particularly 
acute. Magnetic materials, polymeric 
binders, and support films are high re- 
sistivity materials, and ways and means 
for increasing the conductivity of the 
finished tape have to be found. 

Most of the remaining mechanical 
properties of high -speed tapes are also 
intimately linked with the wear per- 
formance. High strength of the base ma- 
terial, high flexibility, and elastic recov- 
ery of the coating, good adhesion of the 
coating to the base film, hardness of the 
coating to prevent deformation and 
embedding of foreign materials on wind- 

ing, are just a few. Abrasion products 
should be absent and if they occur they 
should be powdery for easy removal. 
Close tolerances in tape width, straight- 
ness and smoothness of the slit edges are 
also of great importance. 

ABRASION RESISTANT POLYMERIC 

BINDER MATERIALS 

A cross -section through a common com- 
puter tape (Fig. 1) shows three layers: 
the support film, the magnetic coating, 
and often a subcoating to provide adhe- 
sion between them. Magnetic tape coat- 
ings consist of a dispersion of a mag- 
netic material, usually small particles of 
gamma iron oxide in a polymeric binder. 
Nitrocellulose and later polyvinyl chlo- 
ride (PVC) co- polymers have served for 
a long time as the binder materials in 
the magnetic tape industry. PVC as a 

linear polymer is readily dissolved in 
common solvents, its high polarity and 
easy modification by copolymerization 
make it an excellent material for dis- 
persing oxidic pigments; fair adhesion 
to common base films is also obtained 
with it. Most vinylchloride polymers, 
however, are hard and brittle, and shrink 
considerably during solvent removal. 
In order to make the coatings pliable 
and to reduce the high shrinkage, high 
concentrations of plasticizers are incor- 
porated; this renders the coatings soft 
and low melting which in turn makes 
them vulnerable to abrasion. Although 
the "art" of formulation has optimized 
thermoplastic coatings, at best high 
quality audio tapes and perhaps mar- 
ginal computer tapes have resulted. 

The mechanical properties of poly- 
mers can be greatly improved by cross - 
linking linear polymers to form three - 
dimensional networks. In this manner, 
materials are made available which 
range from highly resilient rubbers to 
hard, yet tough enamels. At present, 
crosslinked polymers are used in only a 
few commercial high -speed tapes. 

Surveying the large number of avail- 
able crosslinked polymers, materials 
that show elastomeric properties appear 
promising as magnetic tape binders. The 
three -dimensional regular network struc- 
tures of elastomers with uniformly dis- 
tributed crosslinks permit a uniform dis- 
tribution of applied tensile stresses 
which gives these materials superior 
strength characteristics paired with high 
elongations (Fig. 2). Materials with 
outstanding properties belong to the 
class of polyurethane elastomers. They 
have excellent abrasion resistance and, 
in fact, have found such diverse uses 
as covering the leading edges of aircraft 
wings and heel lifts for ladies' shoes. 

The designation "polyurethanes" re- 
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fers to a class of high -molecular- weight 
compounds characterized by the recur- 
rence of urethane linkages at regular 
intervals along the polymer chain. The 
urethane linkage is generally formed 
by the reaction of a difunctional isocy- 
anate with a difunctional alcohol (Fig. 
3). While aromatic diisocyanates (such 
as tolylene diisocyanate) are almost ex- 
clusively used for the isocyanate por- 
tion. the diol portion can be selected 
from a wide variety of available materi- 
als. This permits an adjustment of the 
desired physical properties in the final 
polymer. To obtain useful products, the 
diol portion of the polyurethane gener- 
ally comprises a linear polymer which 
may be either a polyester or a polyether 
(R, in Fig. 3) . The molecular weight 
of the polyol, its chemical nature, the 
number of methylene or other groups 
between ester or ether linkages, all de- 
termine whether the final product will 
be a soft elastomer or a hard, impact 
resistant solid. 

Further variation of the polymer 
properties can be obtained by the nature 
and number of crosslinks introduced. 
The crosslinking reaction is usually 
initiated after the linear urethane pre - 
polymer has reached a predetermined 
length. 

Polyfunctional alcohols, amines, or 
water vapor may be used as crosslinking 
agents. By selection of the proper com- 
pound. again the chemist has the possi- 
bility to tailor specifically the properties 
of the final product to his needs. 

DISPERSION OF MAGNETIC MATERIALS 

The degree of dispersion of the mag- 
netic material in the coating not only 
determines the magnetic characteristics 
of the tape, but also has a strong influ- 
ence on the mechanical properties of 
the tape and on the structure of the 
tape surface. An idealized model (Fig. 
4 ) would consist of a tightly packed, 
well aligned. uniform arrangement of 
the magnetic particles, each one com- 
pletely surrounded and bonded by a 
layer of the binder polymer. In such an 
arrangement, the magnetic output and 
resolution would be optimized for the 
material in question. the magnetic ma- 
terial would act as a reinforcing filler 
for the polymer and the surface would 
be flawless and mirror smooth. 

In practice, this idealized model is 
never accomplished. The difficulties 
arise from four factors: pigment volume 
concentration, particle size, particle 
shape, and the inability of many binder 
polymers to wet the oxidic material. In 
comparison with a high grade enamel 
the pigment loading (i.e., the ratio of 
magnetic material to binder) is almost 
doubled (Fig. 5 ) . This high content of 

a filler medium increases the number 
of voids in the coating due to insufficient 
binder to fill completely all interstices. 
This problem is magnified by both the 
extremely small particle size and the 
high acicularity of the magnetic mate- 
rial. Furthermore, binder polymers be- 
longing to the class of urethane elasto- 
mers lack almost completely any affinity 
to the highly polar surfaces of the mag- 
netic material. As a consequence, many 
magnetic coatings are porous and con- 
tain particle agglomerates. This mani- 
fests itself in low cohesive strength and 
rough surfaces. Research on these de- 
ficiencies involved thorough evaluation 
of the surface chemistry and resulted in 
a considerable improvement (Fig. 6I. 

Since crosslinked polymers are insol- 
uble, the usual step of dispersing the 
magnetic material in the polymer solu- 
tion is not applicable. The difficulty is 
overcome by dispersing the magnetic 
material in prepolymers, short linear 
sections of polymeric compounds which 
after coating are chemically linked to 
each other in the crosslinking or curing 
reaction. The chemical reaction takes 
place as soon as the reactive species are 
combined. Therefore. the addition proc- 
ess and coating operating have to be 
closely controlled. The curing reaction 
is generally accelerated by elevated tem- 
peratures, and has to be carried out over 
extended periods. Ovens have to be de- 
signed for the handling of long tape 
lengths in a continuous process. 

PRECISION COATING TECHNOLOGY 

The application of very thin layers of 
highly viscous. thixotropic and unstable 
dispersions represents a major problem 
in coating technology. Coating thickness 
variations should not exceed 10%. This 
means that the wet coating thickness 
has to be maintained within 10% of 
0.0006 inch, if a uniform dry coating 
thickness of 0.0002 inch is required with 
a formulation having a 3:1 dry -down 
ratio. Variations in the thickness and 
flatness of the base film will necessitate 
the use of coating techniques which pro- 
vide automatic compensation. 

The complete elimination of all for- 
eign materials such as dust, dirt or gas 
inclusions is technically not feasible. 
From presently available data, one can 
conclude that it is not possible to pro- 
duce even single reels of high- quality 
computer tape completely free of 
dropout- causing imperfections without 
resorting to some kind of a surface fin- 
ishing technique such as polishing, 
calendering, or time consuming hand 
repair. At present. one can count an 
average of 20 to 40 dropouts on com- 
puter tapes manufactured under the 
most carefully controlled conditions. 

These defects must be hand repaired 
before the tape is sold to the ultimate 
user. Further improvements in process 
technology will reduce the number of 
defects to a more acceptable level. 

CONCLUSIONS AND FUTURE 

Already, experimental computer tapes 
and tape stations with storage capacities 
of 1,500 to 2,000 characters per square 
inch, 1.5 to 2.0 million per cubic inch. 
and 25 to 35 million per reel are being 
designed. Tape coating thickness is be- 
ing reduced to 0.0001 inch. Start -stop 
times of 1.5 msec are being approached. 
The tape will be enclosed in hermeti- 
cally sealed cartridges to keep out dirt 
and dust and to eliminate manual 
handling. Electronic techniques for re- 
ducing the sensitivity towards tape 
defects are being explored. The cost of 
tape and tape handling equipment will 
rise exponentially. but it will be justi- 
fied by an equal rise in performance. 

Research towards improved magnetic 
tapes for high -speed applications re- 
quires a peculiar blend of scientific and 
technological disciplines. The successful 
solution of the outlined problems will 
depend on the close cooperation be- 
tween the polymer and surface chemists. 
the rheologists and the chemical engi- 
neers. Close contact should be main- 
tained at all times with the design 
engineers responsible for future tape 
systems. New concepts such as air flo- 

tation of the tape at the heads may serve 
as an interim solution to the wear prob- 
lem. New magnetic materials with higher 
magnetic moments and with improved 
surface characteristics should help re- 
duce some of the other problems. A 
better understanding of the influences 
of chemical structure on the mechanical 
properties of polymers should also re- 
sult in coatings defying abrasive forces 
more effectively. 

The successful evolution of future 
computer and video tapes will largely 
hinge on the application of fundamental 
knowledge gained in studying the mate- 
rials problems outlined in this paper. 

ACKNOWLEDGEMENT 

Dr. N. E. Wolff and Mr. S. M. Bennet 
have contributed significantly to the 
magnetic tape research efforts at RCA 
Laboratories. Dr. N. E. Wolff's helpful 
suggestions concerning this paper are 
gratefully acknowledged. 

BIBLIOGRAPHY 

1. Based on RCA -EDP and DuPont Film 
Dept. estimates. 

2. F. Winkel, Technik der dlagnetspeicher 
Springer -Verlag 1960. 

3. J. H. Saunders and K. C. Frisch, Poly- 
urethanes, Chemistry and Technology, 
Interscience Publishers, 1962. 

33 

www.americanradiohistory.com

www.americanradiohistory.com


34 

A HIGH -SPEED PRECISION 
INSTRUMENTATION TAPE RECORDER 

This multiple -channel, wideband precision tape recorder was developed as a 

basic element in a tracking radar system to be used in multiple target environ- 
ments. All signals received by the radar tracking the target in real time are tape 
recorded. Thus, all targets viewed by the radar during a "live" exercise can be 

repeatedly acquired, tracked, and analyzed through playback at a later date. 
To permit recovery of maximum information, data is recorded in the form of 
unprocessed radar IF signals; then on playback, the optimum signal -processing 
system recovers each target parameter of interest. 

B. A. COLA and J. M. URITIS 

Missile and Surface Radar Division 

DEP, Moorestown, N. J. 

R 
ADAR target parameters such as 
range, doppler, and angle position 

must be measured precisely ; at the same 
time, target resolution and relative am- 
plitude must be preserved. Such per- 
formance requirements impose challeng- 
ing demands on a radar tape recorder - 
particularly signal -to -noise perform- 
ance, gain and phase tracking between 
channels, gain linearity, transport ve- 
locity stability, and interchannel jitter. 

Fig. 1 shows the complete radar tape 
recorder designed to meet these stand- 
ards of performance. The radar tape 
recorder provides 15 channels with a 
bandwidth capability in excess of 6 Mc; 
the recorder operates at a tape speed of 
1,180 ips and a velocity stability of bet- 
ter than 1 part in 10g. The recording 
time is 6 minutes. The radar system 
utilizes these capabilities to record 8 
channels of 3.5 Mc video radar signals 
along with 7 wideband channels of tim- 
ing, digital, and other reference signals 
for processing by the radar in serial 
form. 

RECORDER OPERATION 

The radar tape recorder (Fig. 2) stores 
ungated IF information from the UHF 

and L -band receivers so that during sub- 
sequent playbacks, targets can be ac- 
quired and tracked in angle, range, and 
doppler. 

The receiver -exciter sends repetition 
rate pulses to the UHF and L -band trans- 
mitters where the power is stepped up 
and sent to the antenna for transmission. 
The receiver -exciter receives the returns 
from targets and sends them to the tape 
recorder and tracking receiver. 

The tracking receiver (in conjunction 
with the range tracker) tracks targets in 
angle, range, and doppler during real 
time or from tape playback. The track- 
ing receiver also provides AGC, scintilla- 
tion, doppler, and range information to 
describe the target to the data recorder. 
The tracking receiver also provides azi- 
muth and elevation errors to the angle 
servos that drive the pedestal, keeping 
the antenna on target during live track. 

Fig. 1 -The high -precision instrumentation tape recorder. 

By recording the radar returns on 
tapes, it is possible to separate and 
analyze the targets of a missile shot as 
many times as desired and, thereby, 
effect an economy of radar systems and 
missile firings. 
Based on the principal radar system 
requirements of Fig. 3, specifications for 
the radar tape recorder were deter- 
mined. Requirements for frequency and 
polarization diversity and for monopulse 
angle tracking resulted in a need for 
eight signal channels. Range and dop- 
pler accuracies were improved through 
the use of a recorded IF reference signal 
and a range clock signal. Additional 
channels were used for a transport servo - 
speed reference, pedestal angular posi- 
tion data, and time -of -day codes- result- 
ing in a 15- channel machine (see chart 
of Fig. 4). 

The principal specifications for the 
radar tape recorder are listed in Fig. 5. 
Reasons for some of these specifications 
are described herein. The signal -to- 
noise (SIN) specification is dictated by 
the desired system dynamic range. Ve- 
locity stability is necessary to assure 
doppler tracking accuracy as well as to 
minimize the occurrence of spurious 
signal spectral lines due to transport 
velocity modulation. Gain and phase 
track specifications assure accuracy in 
the measurement of target angle offset. 
Gain and phase linearity maintains good 
target resolution by avoiding pulse dis- 
tortion or distortion echoes. Low inter - 
channel jitter is important in measuring 
accurately the signal polarization vector, 
range, and angle. Bandwidth is deter- 
mined by the radar pulse characteristic; 
at the signal input to the recorder, the 
pulse is in the form of a cosine squared. 

BASIC DESIGN FACTORS 

To accomplish the specifications set 
forth, a basic decision was made to use 
FM rather than AM recording on all 
tracking video signal channels for the 
following reasons: 

1) Gain linearity and gain tracking 
are very difficult to achieve in an 
AM system because of the effect of 
the nonlinear magnetization char- 
acteristic of the tape and because 
of variations in tape sensitivity. 

2) An FM system minimizes the ef- 
fects of tape drop outs, variations 
in sensitivity of the magnetics 
and AM variations introduced by 
changes in the effective head -air- 
gap with tape pressures. Good gain 
linearity can be achieved by fre- 
quency modulators and demodula- 
tors. 

The choice of FM recording results in 
the disadvantage of greater circuit com- 
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Fig. 2- Acquisition of data by tracking radar plus recording and storage of such dato by precision 
tape recorder. 

plexity because of the above require- 
ments for frequency modulators and de- 
modulators and also the need for more 
bandwidth than that in an AM system. In 
FM, the bandwidth required to pass the 
sideband frequencies depends on the 
desired S/N performance, and on a mini- 
mum FM carrier frequency that prevents 
fold -over of the side frequencies. The 
final choice resulted in a 4.5 -Mc FM car- 
rier frequency with significant sideband 
frequencies extending from 0.2 Mc to 
8 Mc. 

The 8 -Mc bandwidth required that the 
relative speed between tape and head 
exceed a minimum value determined by 
the magnetic head gap- length. Since 
head gap -length could not conveniently 

TABLE I -Radar Requirements 

a) polarization diversity 

b) frequency diversity 

c) monopulse operation 

d) dynamic range, 40 db 

e) bandwidth, 6 cps -3.5 Mc 

f) noise, -40 db 

g) distortion, -40 db 

h) coherent operation 

i) : static 
accuracy 

azimuth, mil 0.2 

elevation, mil 0.2 

range, yards 5 

doppler, cps 2 

reso- 
lution 

granu- 
larity 

0.1 0.02 

0.1 0.02 

20 2 

9 1 

he made less than 40 microinches 
(0.000040 inch), a tape speed of 1,180 
ips was used; at this speed, 6 miles of 
tape are required to provide 5 minutes of 
recording time. Because of the require- 
ment for multiple channels, longitudinal 
recording was chosen. 

The basic design criteria for the tape 
recorder were established, based on a 
consideration of signal -to- noise, gain 
tracking, gain linearity, bandwidth and 
multiple channel capability. 

TAPE TRANSPORT AND SPEED CONTROL 

Satisfying the requirements for velocity 
stability and interchannel jitter de- 
pended to a large extent on the mechani- 
cal perfection of the tape transport and 

TABLE II- Recording Channels 

-1. Reference 

G 2. Azimuth- vertical polarization 

3. Elevation 

4. Reference 

-5. Azimuth- horizontal polarization 

6. Elevation -al- 
I 7. Reference -vert. polarization 

s 8. Reference- horiz. polarization 

9. 1.5 -Mc, IF reference cancellation 

10. Angle and edit data 
11. Range data 
12. 100 -kc clock 

13. 2,500 pps servo speed reference 
14. 5 -Mc range clock 

15. Audio edit 

TABLE III- Performance Specifications 

Tape speed, 1,180 ips, max. 
Speed stability, 1 part in 10' 
Number of tracks, 15 

Tape, mylar 1" wide, 1.1 mil thick 
Tape length, 6 miles 
Record -playback, 5 min @ 1,180 ips 
Start -stop time, 1 minute 
Rewind time, 10 minutes 
Reel size, 30" diameter 
Capstan drive, air turbine 
Capstan bearings, air bearings 
Tape guides, air guides 

HEADS: 
Gap length, 50 µ inch 
Track width, 20 mils 
Gap scatter, 40 g inch max. 
Track spacing, 63 mils 
Mounting: precision magnetic record -playback 

heads on precision machined rocker arms which 
are completely replaceable with only one adjust- 
ment, head pressure (by two self -locking coarse 
and fine adjust screws). 

Environment : 70° air conditioned 

FM RECORDING (8 channels): 
Modulation frequency response, 6 cps -3.0 Mc 

within ± 1.5 db 
Signal to noise, 40 db min., (0 to P) /RMS 
All distortion, -40 db max. 
Gain tracking: differential gain between any two 

channels over 40 -db dynamic range within 0.5 db. 
Phase tracking: differential phase between any two 

channels over a 40 -db dynamic range within 10° 
of 1.5 -Mc signals. 

Phase linearity: Within 3° of 1.5 Mc signal for 1 
cycle variation; within 1° of 1.5 Mc signal for 
greater than 1 cycle variation. 

Phase jitter: 0.04 µsec maximum between adjacent 
channels; 0.1 psec maximum across entire tape. 

Frequency stability, 30 cps deviation of 1.5 -Mc 
signal 

Crosstalk, 50 db max. 

DIRECT RECORDING (7 channels, 6 equipped 
for digital signals): 

Signal to noise, 30 db min. 
All distortion, -30 db min. 
Crosstalk, -50 db max. 
Amplitude modulation, 10% max. 
Phase jitter, 0.04 µsec maximum between adjacent 

channels ; 0.1 µsec maximum across 15 channels. 
Frequency stability, 30 cps deviation of 1.5 -Mc 

signal 

DIGITAL ELECTRONICS 
(4 channel capability): 

Pulse repetition rate, maximum 1.2 Mc 
Pulse width, minimum, 0.4 µnec; maximum, 50% 

duty cycle 
Rise tune: 0.1 µsec. max. 

the performance of the servo speed con- 
trol. The main elements of the transport 
are shown in Fig. 6. The recorder com- 
ponents are assembled to a jig plate 
which is accurately aligned and attached 
to a rigid frame to assure a precise tape 
path. The complete assembly is shock - 
mounted within its cabinet. The 5- minute 
recording requirement resulted in 30- 
inch- diameter reels weighing 50 pounds 
and containing 6 miles of 1.1 -mil mag- 
netic tape plus 2,500 feet of clear leader 
at each end. The tape is accelerated to 
full recording speed in 60 seconds and 
is stopped in the same time. The reels 
are equipped with quick- disconnect 
knobs to facilitate fast reloading and 
permit uninterrupted recording with two 
transports. Tape guides and tensioners 
are air lubricated so that frictional con- 
tact to the tape occurs only at the cap- 
stan edge -guide and at the magnetic 
heads. 
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Fig. 3 -Tape transport. 

Remote Control of Recording 

Remote control of recording, subsequent 
repeated playbacks, and rewinds dic- 
tated that the tape remain threaded and 
taut during and following each run. To 
accomplish this, programmed accelera- 
tion and deceleration cycles were em- 
ployed at the start and end of the tape 
runs. A length of clear polyester leader 
is attached to each end of the tape; 
transitions from clear leader to tape are 
sensed photoelectrically to initiate the 
program. 

Capstan Assembly 

The capstan -head assembly of Fig. 7 is 
designed for quick replacement by util- 
izing an air manifold which automati- 
cally seals upon installation of the 
capstan. Two blocks of magnetic heads, 
one an 8 -track and the other a 7 -track 
are supplied by the RCA Broadcast 
and Communication Products Division. 
Heads are prealigned on arms for fast 
replacement once initial adjustment of 
the head arm support has been made. 
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Fig. 5 -Reel servo system. 
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Fig. 4a- Capstan -head subassembly. 

Tape Speed Control 

To achieve constant tape speed, the 
capstan assembly employs an air -turbine 
drive and hydrostatic air bearings. Cap- 
stan speed is sensed by a tone wheel 
and controlled by a hysteresis brake; 
both are integral parts of the capstan 
shaft. To minimize longitudinal vibra- 
tions, the tape is stabilized by making 
simultaneous contact with both the cap- 
stan and the heads. Since the tape is not 
perfectly smooth nor of uniform thick- 
ness, it is necessary to relieve the cap- 
stan surface behind the area where the 
heads contact the tape. 

Velocity Stability 

The velocity stability specification of 1 

part in 106 imposes a severe runout re- 
quirement on the capstan assembly ; the 
angular velocity generates flutter com- 
ponents of 87 cps and higher multiples 
which are above the bandwidth of 
the capstan -servo correction capability. 
Therefore, the dynamic runout of the 
capstan must be held to less than 20 

STPEEó 

Fig. 6- Capstan servo system. 
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microinches; it is done by using the ulti- 
mate in precision grinding, hand lap- 
ping, and dynamic balancing. An addi- 
tional benefit in reducing the effects of 
capstan runout is derived from depress- 
ing the heads into the tape above the 
capstan grooves; thus, the heads may be 
firmly positioned at a fixed radius from 
the rotational axis of the capstan. Head 
contact pressure is controlled by a very 
precise adjusting screw which advances 
the head only 5 mils per revolution. 
Pressure applied is measured as an in- 

crement of the capstan hysteresis brake 
current. 

Phase Jitter 

Mechanical resonances throughout the 
tape path produce variations in tape ten- 
sion, resulting in minute (but not incon- 
sequential) variations in tape velocity 
at the capstan. Such variations can be 
caused by improper tape guide design, 
or by insufficient damping where reso- 
nant systems exist in the tape path, as 
at the tape tensioners. Since these effects 

Fig. 4b- Detail of capstan and heads. 
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are not necessarily uniform, or in -phase 
across the width of the tape, they pro- 
duce the undesirable effect defined in 
the specifications as "phase jitter." The 
allowable phase jitter between signals 
(recorded half the width of the tape 
apart) is ±20 nsec; this corresponds to 
roughly a differential displacement of 
24 microinches. 

Various refinements effected to reduce 
phase jitter include the following: 1) 
very smooth, solid flange reels which are 
two -plane dynamically balanced, 2 ) 

windage guards which completely en- 
circle both reels, 3) an adjustable edge 
guide adjacent to the supply reel to con- 
trol lateral weaving of the tape as it 
enters and leaves the reel and 4) precise 
alignment of all tape guides. 

Transport Air System 

Compressed air, supplied by a remote 
unit at 100 -psi nominal pressure, oper- 
ates the transport. Air is oil free and 
dried to -40° F dew point. Outlet air - 
supply filters and filters at the air inlets 
to the cabinet and to the capstan air - 
bearing line protect the air -pressure 
regulating valves and the close- fitting 
capstan bearings. In the event of a com- 
pressor failure, a reserve air supply 
brings the transport to a safe halt. 
Pressure -sensitive switches are set a few 
pounds below the lower limit of the nor- 
mal pressure variation range of the air 
supply. When the air -supply pressure 
falls below a predetermined value, tur- 
bine air is cut off and the transport goes 
into its programmed stopping cycle. 
Mechanical brakes on the reel spindles 
stop the reels quickly to minimize tape 
spillage in the event of a power failure 
or loss of tape tension. 

Tape Reel Servo Control 

Each tape reel is belt driven by a two - 
phase 400 -cps induction motor and con- 
trolled by an independent servo system. 
The control signal for the reel servo loop 
is obtained from the tape sensor device 
nearest the particular reel involved (see 
Fig. 6) . The stator of the induction po- 
tentiometer is excited by an Ac reference 
supply and produces an error signal 
proportional to the velocity error of the 
tape at the reel. The Ac- induced voltage 
in the rotor, which is the error signal, is 
amplified and applied to a carrier - 
referenced demodulator; then, the nc 
output of this circuit is used to drive the 
operational amplifier shown in Fig. 8. 
An additional feedback loop is provided 
by an AC tachometer on the servo motor 
shaft. The 400 -cps signal is demodulated 
to DC to make it compatible with the tape 
error signal; it is easier to realize the 
proper stability networks in the DC do- 
main, and AC quadrature problems are 
completely eliminated - providing a 
more stable design with less effort. The 

tachometer feedback signal is combined 
with the tape speed -error signal in a 
summing operational amplifier to com- 
pensate for the non -linearity of the mag- 
netic amplifiers which are as the servo 
power amplifiers. The summing opera- 
tional amplifier output is the servo con- 
trol signal used to drive the magnetic 
amplifier; the magnetic amplifier con- 
trols the 400 -cps power supplied to the 
reel servo motor. 

Capstan Servo Control 

The capstan servo drives the tape with 
highly precise speed control by two servo 
loops: one a frequency lock, and the 
other a phase comparison control to ob- 
tain high sensitivity (Fig 9). Pulses 
derived from the capstan tone wheel and 
proportional to tape speed are passed 
through a 400 -µsec delay line; capstan 
speed is varied by the servo until the 
pulse frequency corresponds with the 
delay of the line. The 400 -µsec delay 
line is equivalent to a tone -wheel fre- 
quency of 2,500 pps (this servoing of the 
capstan speed to near synchronous value 
is called a frequency lock) . When a fre- 
quency lock occurs, the phase of the 
reference 2,500 pps begins to zero beat 
with the tone wheel; thus, a phase error 
is produced which adjusts the capstan 
speed to a full phase lock. 

The phase detector producing the 
speed -control signal is extremely sensi- 
tive; the slightest change of capstan 
tone -wheel frequency results in a con- 
siderable phase error. Once the capstan 
servo is locked in, complete control of 
the speed is maintained by the phase 
loop. The basic speed control of the cap- 
stan driving the tape is obtained by ap- 
plying air pressure to the capstan tur- 
bine. The turbine air pressure would 
drive the capstan at a speed much higher 
than needed; however, the servo con- 
trolled hysteresis brake reduces it to the 
desired value. The capstan speed is 
locked to a crystal oscillator by servoing 
the tone wheel during the record mode. 
During the playback mode, the control 
track, a recorded 2,500 -pps reference 
frequency standard, is servoed to the 
sane crystal oscillator. The slight dif- 
ference between the capstan speed and 
the tape speed is removed by this play- 
back servo technique. Electronically 
variable delay lines are used in those 
channels requiring additional velocity 

Fig. 7- Automatic time correction (ATC) servo 
loop. 
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refinement corrections to the radar data 
(Fig. 10). 

The technique of comparing the play- 
back of a recorded 2,500 -pps crystal 
clock with the same crystal clock and 
using the resultant error voltage to drive 
the capstan cancels out all low -fre- 
quency speed variations of the tape. 
However, this method does not remove 
high- frequency components of speed 
variation resulting from such sources as 
capstan asymmetry and high- frequency 
tape flutter. The capstan turns at 87 cps 
and introduces Fourier series tape -speed 
components 174 and 261 cps in both 
record and playback modes; such com- 
ponents cannot be servoed out because 
of the limited response of the capstan. 
To remove the effects of the capstan 
asymmetry and other speed deviations, 
electronically variable delay lines are 
inserted into all channels that need pre- 
cision speed stabilization; a control 
voltage advances and delays each chan- 
nel of data in order to make the tape 
information appear to be coming from a 
perfectly constant speed tape. 

The control of these electronically 
variable delay lines is accomplished with 
the closed- reference automatic- time -cor- 
rection (ATC) loop of Fig. 10. When the 
capstan servo has locked in, the refer- 
ence playback signal averages 2,500 -pps 
-but there will be expansions and con- 
tractions of the pulse periods for the 
reasons previously described. This ref- 
erence playback signal is inserted into 
an electronically variable delay line that 
removes the high- frequency speed varia- 
tions. The tape -playback 2,500 -pps ref- 
erence is compared to the clock- refer- 
ence 2,500 pps in a phase detector ; the 
resultant error signal changes on a pulse - 
to -pulse basis. This error is amplified 
and the ATC loop stabilized by passing 
the signal through an operational ampli- 
fier with the proper transfer function. 

The resultant amplified error output 
is used to drive the reference delay line, 
completing a closed loop. It is apparent 
that the error signal created will ad- 
vance or delay the playback pulses to 
slave them to the clock- reference 2,500 
pps by removing the high- frequency 
components of flutter. At this point, the 
2.500 -pps reference passing through the 
delay has had the stabilization of the 
capstan servo control and the ATC servo 
electronic correction. The signal that 

Fig. 8 -The intertrack jitter measuring system. 
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Fig. 9- Typical pen recording of intertrack 
phase jitter (shown are tracks 4 and 10). 
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Fig. 11- Unequalized head output versus am- 
plitude. (0 db = 1 millivolt.) 

drives the reference delay line also drives 
the six signal delay -lines because the 
speed correction required is approxi- 
mately the same for all channels. 

The interchannel jitter must be small 
in order to make this type of delay line 
correction effective; moreover, this con- 
dition is assured by meticulous design 
of the tape transport. There must be very 
little phase jitter between channels, 
since the correction signal of the ATC 

servo loop is not only applied to the 
reference line, but also (as an open - 
loop correction) to all of the signal de- 
lay lines. 

To measure intertrack jitter during 
the mechanical development of the tape 
transport, the precise measuring tech- 
nique of Fig. 11 was used. It consists of 
recording a 1.5 -Mc sine -wave signal 
upon the two tracks in question, playing 
these channels back, and then mixing 
them down to 200 kc. The exchange of 
phase angle between the two signals re- 
mains the same at 200 kc as it was at 
1.5 Mc, and it can be handled by a 
commercially available phase meter. 
The output of the phase meter was ob- 
served on a scope, spectrum analyzer, 
and pen recorder. A typical pen record- 
ing of the intertrack phase jitter is 
shown in Fig. 12. 

SIGNAL ELECTRONICS 

The most interesting aspects of the sig- 
nal electronics for the radar tape re- 
corder relate to the problems of linearity 
and bandwidth in the precision FM chan- 
nels. Fig. 13 shows the elements of a 
typical FM channel. In the record mode, 
the signal in the form of radar video 
pulses is converted to an FM signal in a 
modulator. It is then amplified in a 
record amplifier which drives the record - 
playback head as a constant -current 
generator. On playback, the signal is 
amplified in a preamplifier and then in 
a playback amplifier which includes 
aperture equalization to compensate for 
the magnetic -head frequency response 
characteristic. The signal is then recon- 
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Fig. 10- Elements of a typical FM channel. 

verted to a radar video signal in the fre- 
quency demodulator. 

The bandwidth required in an FM 

system is dictated by the rise -time re- 
quirement; the system S/N ratio is a 
function of this bandwidth. The follow- 
ing equation is used for S/N calculation 
in an FM system. If A is the carrier 
amplitude, AF is the peak deviation due 
to the signal, N is the RMS noise per unit 
bandwidth, and f, and f, define the band- 
width following the frequency detector, 
and a is the difference frequency between 
carrier and noise N: 

SIN = 
fB. 

1 

B, 
2á' (N,= -}- N`,) da 

AAF 
B 

N f?-fl3 
fAAF [ f,-fT ]- 

Assuming N = 0.0037 volts- RMs /Mc 
(48 -db tape machine), A =1 volt pulse - 

to- pulse, AF = 1.5 X 10° (maximum fre- 
quency deviation of the carrier) , f, = 
3.5 X 10" cps, and f, = 6 cps, then 
S/N = 43 db. 

From this expression, it can be shown 
that a peak frequency deviation of 1.5 
Mc achieves SIN performance greater 
than 40 db assuming that the ratio of 
peak carrier to RMS tape noise per mega- 
cycle is 48 db. 

The radar tape recorder was designed 
to record radar pulses with a video band- 
width of 3.5 Mc ; for the frequency mod- 
ulation of these signals, a 4.5 -Mc carrier 
was used to minimize the effect of "fold 
over" (side frequency terms ) in the FM 

signal. 
The frequency modulation is accom- 

plished by the mixing of two varicap- 
type oscillator signals, one at 40 Mc and 
the other at 44.5 Mc, to obtain a 4.5 -Mc 
difference frequency. The 40 -Mc oscilla- 
tor frequency is deviated as a function 
of the video input, but the 44.5 -Mc oscil- 
lator is held fixed except for some small 
frequency corrections applied by the 
discriminator and AFC circuit to hold 

CASCODE 

PRE -Amp 
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Flo BOB 

FOR eme 

RID BAND 
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4- 

the output centered at a frequency of 
4.5 Mc. 

One of the severe design problems in 
building a frequency modulator is to 
achieve the linearity specifications of a 
precision radar system. The modulator 
nonlinearity is due to the varicap diodes 
varying in a nonlinear manner as a func- 
tion of the video input voltage; in addi- 
tion, the resonance formula is inherently 
nonlinear. To overcome this problem, a 
diode circuit inserts an inverse charac- 
teristic to the nonlinearity between the 
video amplifier and the FM oscillator; 
the result is a linear frequency swing as 
a function of the video input. 

As previously explained, FM is the 
best method for recording precision 
radar data ; however, this technique is 
not without its difficulties. To preserve 
the FM information, the proper equaliza- 
tion of amplitude and phase must be 
used, and the worst culprit to compen- 
sate for is the magnetic recording proc- 
ess. Perhaps the most serious difficulty 
encountered is due to the nonlinearity 
of the tape, heads, and circuits through 
which FM information is passed. Analy- 
sis shows that if an FM spectrum cen- 
tered at f frequency is passed through 
a nonlinear transfer function, spectra at 
multiples of f appear with frequency 
deviations multiplied by the multiple 
number. As an example the spectrum at 
four times the carrier of 4.5 Mc has four 
times the deviation of the spectrum at 
4.5 Mc. Of all these spectra, only the 
second is close enough to affect the 
fundamental spectrum demodulation; 
consequently (in the demodulation tech- 
nique) the second harmonic must be 
balanced out. 

In low- frequency demodulation tech- 
niques, the carrier is limited heavily 
and converted into a square wave. The 
crossings of the FM may not be equally 
spaced, but the limiting process includes 
diode circuits that adjust the symmetry 
of the square wave, assuring only odd 
harmonic content, and therefore a clean 
demodulated signal. 
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In the heterodyne technique of de- 
modulation used, the 4.5 -Mc FM signal 
is mixed up to 30 Mc where heavy limit- 
ing takes place. The second harmonic of 
30 Mc is easily filtered without affecting 
the quality of the 30 -Mc information; 
because of this, symmetrical limiting is 
not important, relaxing the design of 
the limiter circuit. In addition, a Foster 
Seeley discriminator can be used as an 
effective and simple circuit compared, 
to the low- frequency discriminators re- 
quired at recorded carrier frequency. 

EQUALIZATION 

The primary problem of equalization is 
related to the need for compensating the 
amplitude- versus -frequency response of 
the magnetic playback process. The flat 
amplitude and linear phase responses 
required to meet the performance speci- 
fications for the radar tape recorder 
were achieved. The following equation, 
however, shows that the amplitude re- 
sponse of the playback process is not 
flat and further that the phase response 
is linear. Therefore, the equalization 
must compensate for the amplitude re- 
sponse of the playback process with- 
out introducing a nonlinear phase 
characteristic. 

Analysis of the magnetics problem 
results in the following equation for the 
output voltage from a playback head, 
assuming a sinusoidal recorded flux on 
the tape. 

e(t) = 2NTre,,,f 

sin 
(.1-S 

Z,7 1 

77-8 
cos [-7- ( .Y } ? 

J1 
X 

Where: X = recorded wavelength, f = 
recorded frequency, 8 = the head gap 
length, N = turns on the head, X = dis- 
tance along the tape, and 9 °, = maxi- 
mum flux density. 

This equation includes gap effect and 
differentiation, a combination causing the 
function to rise with frequency f and to 
drop off with the [sin (ar8 IX) / (1rS /X) ] 
factor at high frequencies. The output 
cosine wave is 90 °, displaced from the 
original sinewave recorded input, and 
contains an additional phase shift term 

JOSEPH M. URITIS graduated from Newark Col- 
lege of Engineering in 1937 with a BSME. Before 

joining RCA in 1946, he was a design engineer for 
Bernard Aviation Equipment Corp., New York City. 
In 1941, he engaged in the design and test of main 
propulsion and auxiliary shipboard equipment at 

the Philadelphia Navy Yard. At RCA, Mr. Uritis 
has designed disk recorders for broadcast studios 
and other commercial applications. As a member 
of the Advanced Development Group, he was re- 

sponsible for conception of the tape files used in 

RCA Electronic Data Processing equipment. In 

video recording, he was active in the design and 
development of the time division multiplex video 
recorder, and later, the quadruplex color video 
recorder. He was responsible for the design of the 
Broadband Recorder (AN /TLH -I) built for the Sig- 
nal Corps. When the BMEWS program started, he 

designed magnetic drums and discs for that project, 
and later was responsible for design of the TRADEX 
tape transport. During design of the precision tape 

77-8 /X. Notice that, as the wavelength or 
frequency varies, the phase shift changes 
linearly, and when the gap width equals 
the wavelength the phase shift is 180 °. 
It can be seen that there is no inherent 
nonlinear phase characteristic in the 
magnetic process. 

The factor [sin(7r8IX) /(7r8 /X)] is 
zero when the recorded wavelength X 

decreases to the point where it equals 
the head gap S, which means that the 
output voltage is zero. Since S for our 
heads is 40 microinches, S for the high- 
est frequency of interest was chosen to 
be three times this value in order to have 
an output at high frequencies. 

The high end of the FM spectrum is 
about 8 Mc so that the required tape 
speed can be computed from V = fX. An 
f of 8 Mc and a X of 120 microinches 
gives a computed velocity of the tape 
of about 1,000 ips. Fig. 11 shows the 
amplitude response of one of the mag- 
netic heads, measured experimentally at 
a 1,000 -ips tape speed; this checks 
closely to the shape of a plot of the 
above equation for head output voltage. 

To equalize the curve of Fig. 14 be- 

Fig. 12- Aperture correction circuit and phase -gain curves obtained. 
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recorders for Bell Labs, he was responsible for the 
mechanical design. Mr. Uritis holds 8 patents in the 
recorder field. 

BENJAMIN A. COLA graduated from Drexel Insti- 
tute in June 1950 with a BSEE. At this time he 

joined RCA and worked on the design of power 
supplies, video circuits, TV airborne cameras, naval 
radar tracking equipment and servo mechanisms in 

the Special Devices Department. A period of one 
year was spent on systems analysis of shoran bomb- 
ing and reconnaissance equipment. He received an 

MSEE degree in June 1955 at the University of 
Pennsylvania. In August 1955 he was transferred to 
the newly formed Missile and Surface Radar Sec- 

tion, where he worked on analog data processing 
assignments for TALCS, ATLAS, BMEWS, DAMP, 
and TRADEX. His most recent assignment was de- 
sign project engineer on the development of a 

precision high speed tape recorder. 

tween several hundred kilocycles and 
8 Mc, it is possible to use an aperture - 
type correction; this essentially repre- 
sents the magnetic -gap characteristic. 
The circuit of Fig. 15 was used to equal- 
ize the high- frequency amplitude drop - 
off. This network obtains the required 
amplitude boost with linear phase over 
the frequency band; in addition, such a 
scheme has no insertion loss. This cir- 
cuit is given in Fig. 15 together with a 
graph of its transfer function. 

CONCLUSION 

Two tape recorders have been in con- 
tinuous operation on the pacific missile 
range for almost a year and have re- 
corded and preserved much valuable 
data for further analysis and evaluation. 
The advanced techniques employed have 
proven invaluable in the study of missile 
re- entry. 

ACKNOWLEDGMENT 

Credit for work on the original Tradex 
tape recording system, which was a fore- 
runner of the high -speed precision tape 
system described in this paper, is due to 
H. R. Warren and his associates in the 
DEP Communications Systems Division. 
Also, credit for magnetic head design is 
extended to the Magnetic Head Develop- 
ment and Design Group of the Broadcast 
and Communications Products Division, 
under the direction of B. F. Melchionni. 

This project was completed success- 
fully because of the tireless efforts of 
many people with varied skills. It would 
be unjust not to mention two of the tech- 
nical giants, Thomas Bolger and Jack- 
son, who did so much to bring this proj- 
ect to fruition. 

39 

www.americanradiohistory.com

www.americanradiohistory.com


ADVANCED TAPE EQUIPMENT 
FOR INSTRUMENTATION RECORDING 

Reviewed are recent developments in recording electronics and tape transports 
for wideband recorders -longitudinal, transverse, and helical -scan transports; 
solutions to switching transients and time -base stability problems; and data - 
reduction techniques. Reductions in switching transients and advances in time - 
base stability, combined with multichannel capabilities of helical -scan equipment, 

answer many demands of radar data reduction by eliminating need for data 
multiplexing. A further advantage in the instrumentation field is the ability to 
combine real -time data storage and data readout into a single magnetic 

recording system. 

F. D. KELL, Ldr. and J. D. RITTENHOUSE, Ldr. 
Recording Mechanics Recording Systems and Development 

Applied Research 
DEP, Camden, N. J. 

ROBLEMS encountered in recording r wideband data on magnetic tape de- 
rive from the implications of the simple, 
basic equation: 

v 

Where: X = wavelength of the recorded 
signal, v = relative velocity between the 
record -reproduce head and the tape, 
f = frequency of the signal being re- 
corded. 

For a given frequency, the shorter the 
recorded wavelength the lower the head- 

F. D. KELL received the BSME degree from Drexel 

Institute of Technology in 1957. As an undergradu- 
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ments. Now, at the University of Pennsylvania he 

is a candidate for the MSME. In 1957, he became 
a permanent member of DEP Applied Research. He 

has since made major contributions to the develop- 
ment of a family of helical -scan video recorders and 

was responsible for the introduction of air lubrica- 
tion to the headwheel mechanism of commercial 
video recorders. In addition, Mr. Kell also headed 
the development of a precise satellite tape trans- 
port which featured extremely low power consump- 
tion and inherent angular momenta cancellation. 
His contributions to this and other programs have 

resulted in 14 patent applications. In 1962 he was 

promoted to Leader, Recording Mechanics in DEP 

Applied Research. 
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to -tape velocity required. However, re- 
corded wavelength (or, more exactly, 
the resolvable wavelength) is fixed by 
the state of the art in head design and 
manufacture. Therefore, the shortest X 

is, in general, fixed by the best head 
structure available. Then, for a speci- 
fied frequency, the head -to -tape velocity 
required is calculated. With the avail- 
able wavelength resolution fixed, the 
method of obtaining the appropriate 
scanning velocity becomes the primary 
consideration in wideband recording. 

J. D. RITTENHOUSE received the BSEE from Drexel 
Institute of Technology in 1958. Upon joining RCA 

in 1958, he became a member of the RCA graduate 
study program, on which he received his MSEE from 
the University of Pennsylvania in 1960. He then 

joined DEP Applied Research, where he is now an 

Engineering Leader. He has concentrated on re- 

cording and data- processing systems. Recently he 

has been concerned with the systems concepts of 
transverse and helical -scan equipments for defense 

applications. His group is responsible for the devel- 
opment work on helical scan in RCA. On recent 
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ing techniques for recording information on tape 
and has studied narrowband FM modulation tech- 
niques, synthesizing the record -playback processes 

on a computer. Mr. Rittenhouse is a member of 
Eta Kappa Nu, Tau Beta Phi, and Phi Kappa Phi. 

Since this velocity is obtained by main- 
taining a relative motion between the 
tape and heads, design of the tape trans- 
port is of paramount importance. 

TAPE TRANSPORTS 

To appreciate problems of designing 
tape transports, consider some typical 
parameters. For example, if a recording 
head is capable of resolving a wave- 
length of 150 microinches (0.000150 
inch) and if a frequency response of 
7 Mc is desired, the head -to -tape speed 
required is in the order of 1,000 ips. The 
FM bandwidth resulting from using the 
7 -Mc direct -record bandwidth is of the 
order of 3.5 to 4.0 Mc. The 1,000 -ips 
head -to -tape speed poses the mechanical 
problem of obtaining such head -to -tape 
speed while realizing a practical and 
economical transport. 

There are two basic approaches to 
solving this problem. The longitudinal - 
scan method, used several years ago in 
the RCA Broadband Recorder and re- 
cently in the recorders for TRADEX1 and 
the Precision Tape System, moves the 
tape at the required speed over a sta- 
tionary head. The second approach holds 
the tape essentially motionless while the 
head moves past it ; this technique, fea- 
turing rotary scanning, has been realized 
at RCA in two forms. The more familiar 
rotary scan is the transverse -scan tech- 
nique employed for television recording; 
this technique has been extended in 
many cases into the instrumentation 
field. The other form of rotary scan is 
the helical -scan technique. Several lab- 
oratory models, one field -type 3- channel 
radar recorder, and six 2- channel radar 
recorders have been constructed using 
this technique, which offers several ad- 
vantages over the longitudinal scan and 
the transverse scan. 

Each type of machine (the longitu- 
dinal scan, the transverse scan, and the 
helical scan) has some advantages over 
the other two. The selection of type of 
scan for a particular program must be 
based on an evaluation of these advan- 
tages and disadvantages. 

Longitudinal Scan 

The main advantages of the longitudinal 
scan are: the availability of many paral- 
lel channels (up to 15 on 1 -inch tape), 
the absence of switching transients 
caused by commutation of heads (there 
is no commutation of heads), and the 
realization of a speed reduction of data 
in a relatively simple manner. The main 
disadvantage of the longitudinal scan is 
that at the head -to -tape speed involved, 
massive tape reels are required for a 
practical recording period. For instance, 
the TRADEX machine (5- minute record- 
ing period) requires 36 -inch reels hold- 
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Fig. 1- Typical transverse -scan assembly. 

ing 7 miles of tape. 
Contrary to common belief, each of 

the three types of scan exhibits tape 
interchangeability problems, even the 
longitudinal type. The specific problems 
of the longitudinal scan are manifested 
in the strict requirements for channel 
alignment across the multichannel head, 
for precision mounting of the head, and 
for the tape -tension servo. 

Transverse Scan 

The main advantages of the transverse - 
scan technique are its high -level per - 
formance and its acceptance as the 
standard for the television industry. Ap- 
proximately 2.000 television broadcast 
units are in use throughout the world. 
A typical transverse -scan assembly is 
shown in Fig. 1. The most important 
elements of this unit include the head - 
wheel (I) in which the video heads (2) 
are mounted, the headwheel motor (3), 
and the vacuum guide (41. The vacuum 

guide forms the tape around the head - 
wheel and controls the depth the heads 
indent the tape. The scan assembly 
shown is a two -channel unit which re- 
quires eight heads to continuously record 
two channels; each head records and 
reproduces during only slightly more 
than 90° of every rotation. In operation, 
the tape moves through the vacuum 
guide parallel to the axis of rotation of 
the headwheel, thus producing the pat- 
tern of the transverse scan. 

Helical Scan 

The helical scan combines the advan- 
tages of the transverse scan with the 
simplicity and multichannel capability 
of the longitudinal scan. However, it is 
not well known to most people in the 
recoruing industry, whereas both the 
transverse and longitudinal scans are. 
The helical scan also has a problem of 
head commutation, but the rate of corn- 
mutation is usually slower than that em- 

Fig. 2- Helical -scan headwheel assembly (closed). 

ployed on a transverse -scan recorder. 
However, new switching techniques, de- 
scribed later in this paper, permit prac- 
tical negation of the switching transients 
which result from commutation of the 
heads. 

The helical -scan recorder generates a 
diagonal scan pattern on the tape by 
moving the tape helically around a scan- 
ning wheel in an assembly which is 
illustrated in Figs. 2 and 3. The most 
significant elements of this helix assem- 
bly are the two helical guides (1) and 
(2), the headwheel (3) and the video 
heads (4) . The drives for this scan as- 
sembly are similar to the transverse 
scan, with separate drives for headwheel 
and tape. The wrap of the tape about 
the headwheel is formed naturally by 
the helical tape path, while the head 
pressure against the tape is determined 
by the balance between tape tension and 
the pressure of the air supplied to lubri- 
cate the tape as it moves around the 
helix. In Fig. 3, the helix is shown 
pivoted into the position for headwheel 
maintenance. The particular headwheel 
shown is a two -channel assembly which 
contains three video heads spaced 120° 
apart. During every rotation of the head - 
wheel each of these heads records and 
reproduces during 250 °, which through 
appropriate switching, is sufficient for 
recording two continuous channels. 

In general, the number of heads in a 
helical -scan system is greater by one 
than the number of information chan- 
nels, whereas four heads are used for 
every information channel in transverse 
scan because of the limited tape wrap 
angle. 

Although transverse -scan and helical - 
scan equipments are best for obtaining 
very large bandwidths and reasonable 
storage times, they suffer from two im- 
perfections: time -base error (a problem 

Fig. 3- Helical -scan head - 

wheel assembly (open). 
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common to all types of recorders) and 
commutation transients (a problem pe- 
culiar to rotary -head recorders). Solu- 
tions to both of these problems are 
presented below. Although developed 
specifically for a transverse -scan re- 
corder, the techniques described are 
applicable also to a helical -scan re- 
corder. 

SOLUTIONS TO SWITCHING TRANSIENTS 
AND TIME -BASE STABILITY PROBLEMS 

Switching Transients 

Frequency modulation is the mode of 
encoding information for most instru- 
mentation applications ; this fact is the 
key to complete negation of switching 
transients through a technique known as 
fade switching. 

Assume the rotary headwheel in Fig. 
4 to be rotating in a clockwise direction. 
During this rotation, the tape, as shown, 
may be considered to be advancing out 
of the page. During the recording proc- 
ess, the four heads can be energized in 
parallel. Therefore, we can be certain 
that the one or two heads contacting the 
tape will be recording. Because of the 
multiplicity of heads, recording presents 
no particular problem. There is no tran- 
sient generated in the record process. 

In the reproduce mode, however, a 
different situation prevails. Since only 
the head, or heads, in contact with the 
tape can reproduce a signal, the output 
from any given head is discontinuous, 
and a continuous output can be achieved 
only by a proper combination of the 
outputs of all four heads. 

The envelopes of the outputs from the 
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four heads are shown in Fig. 4. Note 
that overlap of the envelopes provides 
signal redundancy. 

In recently constructed recording 
systems (the Dual- Channel, Dual -Speed 
equipments) where the headwheel speed 
is 480 rps, the overlap time is approxi- 
mately 70 usec. During these 70 usec, 
the "switcher," which combines the 
waveforms of Fig. 4 into a single con- 
tinuous waveform, must "switch" its out- 
put from the head leaving the tape to 
the head engaging the tape. It is during 
this time interval, when the switcher 
moves its output from one head to an- 
other, that the "switching transient" is 
generated. 

Fundamentally, the switching tran- 
sient results from the difficulty of main- 
taining an exact time relationship be- 
tween the signals from the head leaving 
the tape and the signals from the head 
engaging the tape. Angular errors in the 
positioning of the heads, head wear, and 
changes in tape dimensions combine to 
defeat efforts to eliminate the transient 
mechanically. 

It is not always sufficient to provide 
an adjustment so that an operator can 
tune out these errors. Tape jitter and 
vibration, plus inability to maintain ab- 
solutely constant headwheel speed, cause 
errors of a highly dynamic nature, 
changing the time base of the recorder 
not only during the switching interval, 
but also during the passing of a single 
head across the tape. The reduction of 
these dynamic errors to about 100 nsec 
is the best attainable at present with 
electromechanical systems, an accuracy 

not approached in conventional longi- 
tudinal tape recorders. 

Switching transients and tenth- micro- 
second timing errors can be tolerated in 
many applications. For example, in 
broadcast television the transients are 
hidden in the horizontal retrace of a 
picture line. Also, for certain instrumen- 
tation applications, the generation of a 
switching transient is not particularly 
bothersome since the switching transient 
may be synchronized with the recorded 
information, or it may be identified and 
dealt with accordingly. With good 
switching diodes, the switching discon- 
tinuity can be reduced to a width of 100 
nsec with an amplitude no greater than 
the peak noise level at the output of the 
recorder. This technique, known as 
rapid "video" switching, has been ap- 
plied successfully in several types of 
instrumentation recorders. 

However, the ideal rotary -head re- 
corder should have no switching tran- 
sients or information dropout due to 
head commutation; techniques for the 
elimination of these objectionable pa- 
rameters are described below. 

The 100 -nsec dynamic error remaining 
after final electro- mechanical servo cor- 
rection may be composed of slow -rate 
headwheel errors, switching errors due 
to inaccurate positioning of the vacuum 
shoe, and "quadrature" effects due to 
interchangeability problems. In order to 
explain the effects of fade switching we 
will, for the moment, neglect the quad - 
rature and headwheel servo effects, and 
will concentrate on only those due to the 
vacuum guide (or tape shoe). The mag- 
nitude of a typical shoe error might be 
30 nsec ; this error occurs as an in- 
stantaneous jump in recorder time base 
at the commutation rate of the heads. 
The transient elimination scheme is ini- 
tiated by combining the four outputs of 
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the heads in Fig. 4 into two channels of 
information, as shown in Fig. 5. From 
this figure we can draw two important 
conclusions: 

1) redundant data exists during over- 
lap time, 

2) the maximum instantaneous phase 
error during overlap is 30 nsec. 

Neglecting for the moment that the 
30 -nsec time -base error may be reduced 
further, we may conjecture as to tran- 
sient levels as we commutate these two 
channels of information into one final 
serial channel. It was previously men- 
tioned that frequency modulation is the 
key to the transient -free switch. If the 
FM signal is switched instantaneously, a 
30 -nsec time -base error will occur and 
will appear as a 30 -nsec phase discon- 
tinuity in the carrier. Such a discontinu- 
ity will provide an impulse transient at 
the output of the FM discriminator. 

If, however, these two channels fade 
into one another during the overlap 
time, a gradually changing phase error 
exists on the FM carrier. The rate of 
change of phase is small, producing a 
negligible transient at the output of the 
discriminator. Assuming an FM carrier 
of 10 Mc, an interval of 30 nsec cor- 
responds to (30/100) X 360 = 108° of 
phase shift which occurs through a fade 
period of 50 usec. The nonlinearity of 
the FM system requires that the exact 
level of this transient be obtained on a 
computer. However, as a first approxi- 
mation we can use the relationship: 

f_AT 
f T 

Where: Af = the apparent carrier de- 
viation during T, f = the carrier fre- 
quency, AT = the 30 -nsec time -base 
error, and T = the fade period. Sub- 
stituting the numbers, we see that A f 
corresponds to a deviation of about 6 kc. 
Normally, a total of 2 Mc will be de- 
viated so that the switching transient 
becomes (2 X 106) (6 X 103) = 333 
units below our peak output signal. It 
should also be noted that fade switching 
is effective only up to 180° of phase dif- 
ferential between the switched wave- 
forms. At this point the 180° relationship 
between the added carriers results in 
complete carrier cancellation, which 
produces a transient from the FM dis- 
criminator. Fig. 6 shows typical fade 
switch performance. 

Based on these results, it can be said 
that for all practical purposes, there is 
no switching transient. 

Time -Base Stability 

Another major problem, time -base sta- 
bility, has been solved in response to 
the demands for more sophisticated 
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radar systems. The time -base system de- 
scribed below is the elite of a group of 
systems that employ electronically vari- 
able delay lines for time -base correction. 

It has been noted that 100 nsec of 
error is the minimum obtainable from 
the electromechanical system. Conse- 
quently, if further reductions in time - 
base error are made, they must be 
achieved through devices other than the 
basic servos. Analysis of the error rates 
involved reveals that the sampling rate 
and the bandwidth of the error- nullify- 
ing device must be higher than those of 
the basic servos if rapid rate errors are 
to be significantly reduced. The familiar 
"once- around" indicator, or "tonewheel," 
no longer possesses enough information 
to describe the time base of the video 
signal as the head scans the tape. For 
this reason, other signals which describe 
time -base errors must be utilized. Tele- 
vision tape recorders have such a signal 
in the form of horizontal sync pulses .2 

The general -purpose radar or sine -wave 
recorder, however, has no preknowledge 
of the characteristics of its input signal; 
therefore, another means of generating 
an accurate time -base signal is neces- 
sary. 

Happily, the unique vestigial side - 
band FM system employed in the record - 
reproduce process permits a means of 
establishing such a time -base signal. A 
portion of available tape bandwidth is 
not occupied by any significant side - 
band spectra. It is, therefore, used to 
provide a record of time base during 
recording by adding in an accurate 
small -amplitude sinusoid from a crystal 
source (see Fig. 7). During playback 
this sinusoid, when compared with the 
same crystal, provides a means of meas- 
uring time -base error. It is important to 
realize that this time standard is re- 
corded on the same track with the in- 
formation signal, thus providing an 
accurate measure of the time -base error 
experienced by that signal during re- 
cording and reproduction. 

After a means of error detection has 
been established, the means for nullify- 
ing that error must be accomplished. As 
is often the case, techniques developed 
by the Broadcast Division's Electronic 
Recording Group were borrowed and 
changed to provide the desired error - 
correction capabilities. Specifically, elec- 
tronically variable delay lines are em- 
ployed to nullify the time -base errors. 

The closed -loop block diagram shown 
in Fig. 8 is employed on the Dual -Chan- 
nel, Dual -Speed recording equipment. 
A reference sinusoid frequency of 1 Mc 
is used. The closed -loop approach per- 
mits the realization of several additional 
benefits. Notice that the lines are used 
in the FM domain, permitting time -base 

44 

correction before final fade switching, 
thus reducing the phase error prior to 
the fade switch. Furthermore, time -base 
correction in the FM domain, if accom- 
plished quickly enough, can dynamically 
compensate for quadrature effects, thus 
solving many interchangeability prob- 
lems. This closed -loop system, under 
test at this writing, is achieving a time - 
base accuracy of ±10 nsec. The rms 
value of that error is less than five nano- 
seconds, equivalent to less than 5 feet of 
range error, a new standard of excel- 
lence for radar recording accuracy. 

DATA REDUCTION TECHNIQUES 

So far we have described recent im- 
provements in the general performance 
capabilities of scan -type recorders used 
as data -storage devices. In many in- 
stances, however, tape equipment may 
also facilitate data reduction or data 
presentation by providing time com- 
pression, time expansion or repetitive 
readout. 

Time Expansion 

An equipment developed recently pro- 
vides a 200:1 expansion of real time, 
which permits on -line computer reduc- 
tion of data. This equipment incorpo- 
rates two transverse -scan tape machines. 
One records and reproduces two chan- 
nels of wideband data in real time; the 
second accepts tapes prepared by the 
first and reproduces them at 1 /200th the 
real time rates. The tape and head - 
wheel drives developed for this equip- 
ment provide extremely accurate, yet 
slow, speeds; both use hysteresis syn- 
chronous motors as prime movers. The 
speeds of the output members are re- 
duced through spliceless Mylar belts 
similar to those employed in TIROS re- 
corders. The speed of both assemblies 
is precisely controlled through servos 
which modulate the frequency of the 
motor power. Fig. 9 shows the head - 
wheel assembly for this time -expansion 
equipment. 

Repetitive Readout 

One potential capability of the heli- 
cal -scan equipment which has been 
explored for several data -processing 
systems is the ability to repetitively read 
out in real time a desired segment of 
data. Basically, this is accomplished 
simply by stopping the tape with the 
desired information track around the 
scanning wheel. However, since the diag- 
onal track was recorded with the tape 
moving, it does not align perfectly with 
the scanning path of the headwheel 
when the tape is stationary. Alignment, 
however, can be effected by reading on a 
helix assembly which is slightly larger 

in diameter than the record helix assem- 
bly. The slight difference in diameter 
causes a slight difference in the scan 
angle between head and tape and per- 
mits a complete track to be continuously 
scanned by the wheel. The length of the 
time segment which can be read out 
repetitively in such an equipment is 
limited only by the system bandwidth 
and the diameter of the helix assembly. 
The system bandwidth determines the 
head -to -tape speed, and the diameter of 
the helix assembly determines the length 
of the track. 

Time Compression and Repetitive Readout 

The combination of time compression 
and repetitive readout has been proposed 
for data which is to be presented on 
visual displays. In a typical application 
the data is received at data and frame 
rates which would cause flicker upon 
display. A typical solution to this prob- 
lem is a tape equipment which incorpo- 
rates two helical -scan assemblies. One of 
these assemblies records incoming data 
with a slow- moving recording head; the 
second assembly reproduces the data at 
a higher rate. If the recorded tracks are 
made sufficiently wide, the readout head 
will reproduce the same data repeti- 
tively. This repetitive readout will in- 
crease the output frame rate. Continuous 
processing by this technique requires 
that the ratio of frame rates be equal to 
the ratio of data rates. 

SUMMARY 

The advances attained in time -base ac- 
curacy and switching- transient reduction 
have significantly improved the useful- 
ness of scan -type recorders for instru- 
mentation applications. The combination 
of these techniques with the multichan- 
nel capabilities of the helical -scan equip- 
ment will answer many demands of 
radar data -reduction systems by elim- 
inating the need for data multiplexing. 

A further enhancement of the role of 
tape equipment in the instrumentation 
field in many instances is yielded by the 
ability to combine real -time data -storage 
requirements and data- readout require- 
ments into a single magnetic- recording 
system. 

In conclusion, the tailoring of high - 
performance tape equipment to the 
needs of a specific system has become 
an advanced art. 
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MAGNETIC TAPE TESTING 

A tape test center has been created at Indianapolis where evaluation is carried 

out on all tape products to assure customers that our products meet all magnetic 

specifications. A physical test laboratory, complementing the work done in the 

test center, carries out the physical tests on all tapes. 

G. P. HUMFELD, Mgr. and R. D. BROWNING, Admin. 
Compound and Tape Formulations Tapa Products Performance 

RCA Victor Record Division, Indianapolis, Ind. 

ntAGNETIC TAPE finds many applica- 
tions in home, industry, education 

and government. Technically, we are 
interested in discussing tape applica- 
tions in computer machine operation, 
instrumentation recording, and audio 
recording. Within these technical divi- 
sions there exist two general marketing 
areas -commercial, and the U. S. Gov- 
ernment. 

General -purpose audio tapes probably 
have the least -critical magnetic and 
physical specifications because of the 
subjective nature of the recording. Here, 
the importance of individual bits of in- 
formation is minimized. In order to meet 
Government specifications audio (and 
instrumentation) tapes must duplicate 
within extremely close tolerances the 
sensitivity, output level, distortion, and 
bias requirements of standard reference 
tapes supplied by the Bureau of Ships. 
Also, they must meet all the physical 
property tests as outlined later in this 
article. 

For computer use, tapes must have 
completely uniform surfaces free from 
pinholes and nodules or bumps. These 
defects invariably result in errors during 
recording and read -out. The oxide sur- 
face must not abraid away during tape 
usage. The oxide coating must withstand 
temperatures well above 100 °F. without 
the surface becoming soft or sticky. The 
magnetic pigment must be well dis- 
persed in the lacquer binder to permit 
magnetic recording at high packing den- 
sities. Tape tensile strength and elonga- 
tion properties must pass certain mini- 
mum and maximum values to assure 
ruggedness of performance at high tape 
speeds. Width and thickness tolerances 
must be carefully measured and closely 
controlled in order to meet the mechani- 
cal and magnetic limitations of any given 
computer machine design. 

MAGNETIC TAPE TEST CENTER 

The test center is in a specially designed 
white room which is maintained at 50% 
relative humidity and 70 °F. 

Fig. 1- Indianapolis computer tape test center. 

In cooperation with RCA Electronic 
Data Processing, test stations were built 
using the same type of transport upon 
which the tape would ultimately be used 
(Fig. 1 ) . An automatic test program was 
incorporated using a read -after -write 
head assembly to check for dropouts, 
noise errors, and skew. Each tape tester 
also checks for the presence of begin 
tape and end tape markers, and indicates 
the total length of tape on a reel. 

Computer Tape Testing 

The tape is first threaded on the tape 
transport. The programming device then 
records a signal simultaneously on all 
tracks at a pulse -packing density at least 
25% above that ultimately used in com- 
puter operations. All recorded tracks are 
read out while writing and must repro- 
duce each bit at an amplitude at least 
double that required to register in a 
computer tape station logic. If any re- 
corded bit fails to produce the necessary 
output voltage, it is automatically re- 
read to determine whether it is a transi- 
ent or permanent error. Tape surface 
defects, such as pinholes, nodules, and 
dirt produce a loss in signal. The ma- 
chine is designed to stop with the defect 
positioned so that it can be examined 
and repaired if possible. Perfect tapes 
are not being produced by manufac- 
turers today, hence all tapes ultimately 
used must be repaired. A nodule or a 
piece of lint or dirt stuck to the tape 
surface can be removed by a light wipe 
with a special tool. If the defect is re- 
paired properly the machine will pass 
this point on retest and continue testing. 

After the dropout test, the tape is then 
subjected to a noise test during rewind. 
For computer tape, noise refers to any 
spurious voltage pulse generated by a 
flux change while running a DC saturated 
tape over the reproduce head. Any noise 
pulse due to loss of tape -to -head contact 
or lack of oxide on the tape which is 
greater than 10% of the average signal 
amplitude is cause for rejection of the 
tape. A pinhole is an example of a 
defect which may generate such a noise 
pulse. 

Equipment maintenance is very im- 
portant to reliability in testing, so all 
test stations are calibrated each shift. 

Fig. 2 - Computer tape wear test simulator. Fig. 3 - Quality tests in tape manufacture. 
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fig. 4 - Control laboratory coating machine. 

In addition, more thorough preventive 
maintenance checks are made on a 
weekly and monthly schedule. 

Wear characteristics are determined 
on a statistical sampling basis on wear 
test simulators. These simulators are 

Fig. 7 - Audio production test equipment. 

Fig. 8 - Process control test laboratory. 

Fig. 9 - Electronic coating thickness indicator. 

Fig. 5 - Hysteresis curve of a magnetic tape. 

mechanical duplicates of the computer 
transport, as shown in Fig. 2. In the 
short -length wear or abrasion -resistance 
test a tape is recorded with 20 discrete 
messages each approximately 1 inch long 
with a 0.5 -inch inter -message gap. The 
transport is then programmed to read in 
both directions with the pressure roller 
impact occurring in the message area. 
A tape must run for at least 5,000 passes 
in each direction without the loss of a 
bit of information. 

For the oxide rub -off test, the tape is 
written continuously throughout its en- 
tire length and then programmed to read 
back and forth, checking for read errors. 
An acceptable tape must make 12 passes 
over the heads without error or evidence 
of coating buildup on the heads or 
guides. 

Quality is further assured by environ- 
mental testing to observe the effect of 
humidity and elevated temperatures 
upon coating adhesion, layer to layer 
adhesion and cupping. Such tests com- 
press years of service into a few short 
test hours. Finally, measurements are 
made on overall tape length, width, ten- 
sile strength and coating opacity to 
assure perfect mechanical operation on 
the machines. 

Audio Tape- Magnetic Tests 

A pictorial representation of the quality 
tests on audio tape is shown in Fig. 3. 
Oxide slurry is drawn from each mixing 
machine and coated on a miniature coat- 
ing device in the Control Laboratory 
before being released for production use 
(Fig. 4). This test tape is placed in a 
1,000- oersted, 60 -cycle magnetic field 
and the resulting hysteresis loop pro- 
jected on an oscilloscope indicates the 
magnetic characteristics of the coating 
(Fig. 5) . From this loop, measurements 
are made of the coercivity Hn, retentivity 
Br, and loop squareness or degree of 
orientation of the magnetic particles in 
the coating. General -purpose audio tapes 
normally have an intrinsic coercivity of 
about 250 oersteds, a retentivity of ap- 

Fig. 6- Production sampling. 

proximately 900 gauss, and a squareness 
of about 0.8. 

Production coatings are checked on 
the same hysteresis loop tracer by test- 
ing short lengths of tape slit from the 
web as it emerges from the drying ovens 
(Fig. 6) . As production slitting pro- 
gresses, sample reels are tested for 
sensitivity, output, long and short wave- 
length response, bias, distortion, noise, 
print- through, and output at various dis- 
tortion levels. A custom -built test station 
(Fig. 7) enables technicians to perform 
all these tests rapidly so that any devia- 
tion from RCA standards is detected 
immediately, and only high quality tape 
will pass on to the visual inspection and 
packaging operation. 

PHYSICAL TEST LABORATORY 

Exhaustive physical and environmental 
tests, requiring up to 24 hours in some 
cases, are performed in the Control Lab- 
oratory shown in Fig. 8. These tests are 
described in detail in the following para- 
graphs and include tests for evaluation 
of both Government Services Adminis- 
tration (G.S.A.) and regular commer- 
cial tapes. 

Visual Examination: Tape surface 
quality can be evaluated by microscopic 
examination. These tests are aimed to 
guard against poor surface texture, a 
corrugated coating surface, surface nod- 
ules, or foreign particles of dirt im- 
bedded in the coating. These defects can 
have a direct bearing upon output and 
short wavelength response. Other visual 
tests involve observations on quality of 
slitting and uniformity of wind -up of 
reels and hubs. 

Coating Thickness: Coating thickness 
must be accurately measured and care- 
fully controlled to produce a high qual- 
ity tape product. An electronic gage 
(Fig. 9) converts vertical motion of a 
sensing probe into a signal which is 
amplified and read out on a sensitive 
microammeter graduated in increments 
of an inch. The coating thickness of 
general use audio tape approximates 
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ROBERT D. BROWNING graduated in 1948 from 
Auburn University with the BS degree in Electrical 
Engineering. He joined RCA as a Recording 
Engineer in the New York Studios in early 1949. 

In 1955 he was transferred to the RCA Chicago 
Studios and was Manager, Recording, there until 
1957. He then joined Ampex Corporation and was 

Manager, Quality Control Division, at their 
Magnetic Tape Plant in Alabama until he rejoined 
RCA in 1962. He is presently Administrator, Product 
Performance, at the Magnetic Products Plant in 

Indianapolis, Indiana. He is a member of the 

Audio Engineering Society and the American 
Society for Quality Control. 

0.0004 inch. However, coatings as thin 
as 0.0001 inch are becoming practical 
for applications in computers. 

Tape Width: Tape width is closely 
controlled by the precise setting of the 
slitting machine. An optical comparator 
(Fig. 10) is used to determine width 
accurately. Standard measurements for 
a 1/4 -inch tape are 0.246 ± 0.002 inch. 
For 1/2 -, 3/4 -, and 1- inch -wide tapes, the 
limits are +0.000, -0.003 inch. 

Yield Strength: Fig. 11 shows the ten- 
sile machine used to stretch 1/4 -inch tape 
at a constant rate of 12 inches per min- 
ute until the specimen reaches the yield 
point. Minimum acceptable values for 
cellulose acetate are 4.7 pounds for 
1.5 -mil film and 3.2 pounds for 1 -mil 
film. For polyester (Mylar) film, mini- 
mum acceptable values are 5.5 pounds 
and 3.7 pounds, respectively. 

Shock Tensile Strength: A pendulum - 
type impact tester as shown in Fig. 12 
subjects 1/4 -inch tape to the striking 
force of a free -swinging pendulum. Im- 
pact strength is determined by calculat- 
ing the difference between the original 
energy value of the pendulum at the 
start of the test and the pendulum energy 
remaining after break. This difference is 
a function of the travel (in an upward 
arc) by the pendulum following impact 
with the sample. For cellulose acetate, 
the minimium values are 0.35 foot - 
pounds for 1.5 -mil film and 0.25 foot - 
pounds for 1 -mil- thick, 1/4- inch -wide 
tapes. Comparable minimum polyester 
values are 0.58 for either thickness of 
1/4 -inch tape. 

Fig. 10- Optical comparator. 

GEORGE P. HUMFELD graduated from Purdue 
University in 1937 with a BS in Chemical 
Engineering. He worked as a chemist in a non- 
ferrous foundry for five years after graduation and 
then joined the U. S. Rubber Company as a rubber 
compounder during the war years. He joined RCA 
in 1946 as an engineer in the Record Compound 
Group and was appointed Manager of that group 
in 1956. This activity was expanded to include 
formulation development work on magnetic tape 
products when RCA entered the tape manufac- 
turing field. He is a member of the American 
Chemical Society and the Society of Plastics 
Engineers where he has served as a National 
Councilman. 

Elongation Under Stress: This con- 
sists of applying a specified load to a 
20 -inch length of 1/4 -inch tape for a pe- 
riod of 3 hours at room temperature and 
observing the amount of permanent 
stretch the tape maintains 3 hours after 
the load is removed. The maximum 
values for cellulose acetate are 1% for 
both 1.0 -mil and 1.5 -mil film; maximum 
values for polyester are 0.30% for 
1.5 -mil and 0.50% for 1.0 -mil -thick 
polyester. 

Humidity Stability (Cupping) Test: 
A two -chamber box is used for this test. 
One chamber is maintained at 90% rela- 
tive humidity and the other at 15% rela- 
tive humidity. Both are maintained at 
90 °F (Fig. 13). Duplicate samples are 
mounted in a horizontal clamping device 
and stored in each environmental con- 
dition for 16 hours. The environment 
causes the tape to curl, i.e., the edges 
of the tape either rise or fall. A low - 
power telescope is used to view the tape 
ends and measure the angle between the 
horizontal and a line tangent to the edge 
of the tape. The arithmetic difference in 
degrees between the angle measured on 
the desiccated tape and the angle meas- 
ured in the same manner on the humidi- 
fied tape gives the value for this test. 

Layer -to -Layer Adhesion (Blocking) : 

A 3 -foot length of 1/4 -inch tape is wound 
onto a 1 /2- inch -diameter mandrel under 
the tension of a 1,000 -gram weight 
clamped to the lower end of the tape 
during windup. After the weight is re- 
moved the loose end is fastened with 
pressure- sensitive tape. This assembly is 

Fig. 1 1 - Tape tensile strength test. Fig. 12- Pendulum impact tester. 

The authors: (I.) Rob- 
ert Browning and (r.) 
George Humfeld. 

then stored in an environmental cham- 
ber, first for 18 hours at 130 °F and 85% 
relative humidity, and then for four 
hours at 130 °F and 5% relative humid- 
ity. A good tape at the end of this test 
will spring free when the tape fastener 
is removed. There will be no sticking of 
adjacent layers and no separation of the 
oxide coating from the coated surface. 

Flammability: Flammability of tape 
is determined by conducting burning 
tests in a carbon dioxide atmosphere. 
Tape coatings containing materials 
which will support combustion in such 
an inert atmosphere are not accepted by 
the industry. 

Fungus Resistance: Fungus growth is 
a problem in tropical sections of the 
world and coatings must not support 
spore growth. Four fungi used in these 
studies are: aspergillus niger, aspergil- 
lus flavus, penicillum luteum, and tricho- 
derma T -1. Test samples are inoculated 
with a composite spore suspension of 
these types and incubated for a period 
of 21 days at 28° to 30 °C. Tapes show- 
ing no growth or only a slight, trace of 
fungus such as might develop from an 
unusual mass of spores in the original 
inoculum are considered acceptable. 

CONCLUSION 

Quality must first be built into a product 
before it can be accepted in the field. 
This is being done regularly in the 158 
various products currently in produc- 
tion. Test effort such as described in this 
article assures the producer and the 
customer of a continuing level of high - 
quality product. 

Fig. 13- Humidity stability test equipment. 
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TV TAPE RECORDING -A REVIEW OF 
TECHNIQUES AND EQUIPMENT 

Since the announcement in 1959 of an RCA color television tape recorder, a 

succession of models have appeared. These are reviewed briefly in tracing the 
development of the television tape recorders down to the current all- transistor 
types TR -22 and TR -3, -4, and -5, and the major technical efforts that have led 

to improved performance. 

A. H. LIND, Mgr. 
Studio and Scientific Instruments Engineering 

Broadcast and Communications Products Division, Camden, N. J. 

PERUSAL of the technical literature 
reveals that a great deal of research 

on various approaches to wideband sig- 
nal recording preceded the actual de- 
sign of a workable, practical wideband 
video tape recorder. In addition to the 
tape motion required to transport the 
magnetic medium past the magnetic 
heads, a much higher head -to -tape 
speed is achieved by moving the head 
so that it scans transversely in a narrow 
path across the tape oxide surface. To 
provide a succession of such transverse 
tracks without loss of signal, four mag- 
netic heads were chosen to scan the 
tape in sequence. The heads are 
mounted in 2- inch -diameter wheel which 
is rotated at high speed to achieve the 
necessary head -to -tape speed. This time - 
sequential multiplexing of the four 
heads gave rise to the choice of the 
descriptive term quadruplex to desig- 
nate the system. 

EFFECT OF COLOR TV 

The potential of color TV made it man- 
datory that a product -line TV recorder 
be capable of recording and reproduc- 
ing both black and white and color 

video signals. Through the combined 
and coordinated efforts of many engi- 
neers and scientists at the RCA Labora- 
tories, RCA Defense Electronic Prod -, 
ucts, and the group then called RCA 
Industrial Electronic Products, an ac- 
ceptable system was developed and 
designed.' 

Public announcement of the color Tv 

recorder was made by demonstrations 
to the technical press in October 1957. 
In 1958, a small number of engineering 
prototypes, designated VTRX ( Fig. 1) , 

were delivered for use -principally by 
NBC for color program delay between 
the east and west coast. It contained all 
the basic functions required for a Tv 
tape recorder (Fig. 2) . While the video 
recorder development gave rise to in- 
creased sophistication in the video sig- 
nal- handling circuitry, the areas in 
which major efforts were applied were 
the servomechanism, electromechanical, 
and precision mechanical assemblies. 
Mechanical tolerances of microinches 
(millionths of an inch) and seconds of 
arc become commonplace in quantity 
production of assemblies at competitive 
prices. 

SOME BACKGROUND 

One of the most intriguing applications of magnetic recording since the early work of 
Poulsen is the use of this technique to record television picture signals. The recording 
and storing of electrical signals by magnetizing microscopic oxide particles through the 
application of a magnetic field has been generally known for decades. The most successful 
magnetization method has been to immerse the oxide particles in a fringe field emanating 
from a gap in soft magnetic material; the soft magnetic core is part of an electromagnet. 
Such an assembly is universally called a magnetic head. 

To obtain maximum efficiency, the iron oxide particles customarily coated on plastic 
tapes and the gap of the magnetic head are held in as intimate proximity as possible. 
The magnetic head gap -size determines, in practice, the shortest wavelength that can he 
recorded. A spacing loss due to surface roughness also influences the intimacy of contact 
and can be a factor in determining the shortest useful wavelength that can be recorded. 

The shortest wavelength that can be recorded and the electrical signal frequency cor- 
responding to this wavelength are directly related by the relative motion of the tape and 
the magnetic head. Thus, the matter of head -to -tape speed relationship becomes paramount 
when high -frequency recording is considered. For example, if the minimum wavelength 
usefully recorded is assumed to be 200 microinches (0.000200 inch) -then a head -to -tape 
speed of 1,000 ips is required to record a signal of 5 Mc I assuming the signal is recorded 
in a single channel). Experience has shown that satisfactory tape recordings can be made 
with tracks, or patterns, only a few thousandths of an inch wide. 

( For more -detailed discussions of RCA television tape recording techniques and equip- 
ment, see the papers listed in the Bibliography.) 
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Fig. 1- Quadruples TV tape recording. 

TRT -1 RECORDERS 

Accelerated development and design 
effort resulted in the first production 
model, the TRT -1A (Fig. 3). Deliveries 
from production began in 1959. Al- 
though numerous improvements were 
made in performance over the VTRX, 
perhaps the most substantial gains were 
in servomechanism stability and video 
headwheel panel improvements. Some 
of the video headwheel panel improve- 
ments can be appreciated by observing 
the contrast between the VTRX panel 
and the TRT -1A panel shown in Fig. 4. 
As the TRT -1A recorders were placed 
into operation, much valuable field 
experience started feeding back to 
the design engineers. This, plus benefits 
from continuing development work, 
were incorporated in a redesigned re- 
corder, the TRT -1B, which became 
available in 1960. The TRT -1B had 
increased operational flexibility, better 
monitoring facilities, and included a 
signal processing amplifier that pro- 
vided clean sync and blanking in the 
output signal and was the first transis- 
torized unit used in TV recorders. 

TR -11 RECORDER 

As experience with the TRT -l's grew, 
it became clear that a simpler machine 
could make good pictures. By limiting 
the operational flexibility and monitor- 
ing facilities, a second, lower -cost re- 
corder was made available in 1961. Be- 
cause of the heavy engineering load in 
Camden, this recorder, the TR -li, was 
engineered in the Broadcast and Com- 
munications Products Division, Holly- 
wood, California plant. A substantial 
reduction in size was achieved (compare 
Fig. 5 and Fig. 3), with correspond- 
ing reduction in power requirements. 
The TR -11 was intended primarily for 
small broadcast stations and educa- 
tional TV applications. 

TR -22 TRANSISTORIZED RECORDER 

The increasing importance of transis- 
tors and the desire for more -compact 
recorders were key considerations be- 
hind the TR -22 all- transistor recorder 
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(Fig. 6), that was introduced at the 
1961 National Association of Broadcast- 
ers convention.2'3 The TR -22, shown in 
Fig. 6, has been a very gratifying com- 
mercial success. The basic recorder is 
completely a solid -state design. The 
only vacuum tubes are in the picture 
and waveform monitors. The size, weight 
and input power are all very substan- 
tially reduced from that of the TRT -1B 
predecessor. 

The TR -22 was designed in two ver- 
sions: The first is a domestic version 
for 525 -line, 60 -field TV signals with 
60 -cycle AC power. The second is a 
3- standard switchable recorder designed 
to accommodate 525 -line, 60 -field; 625 - 
line, 50 -field; and either 405 -line, 50- 
field or 819 -line, 50 -field signals. In the 
second case, the input power is 230 -volt, 
50 -cycle Ac. 

LATEST FAMILY OF TV TAPE MACHINES: 
TR -3, TR -4, AND TR -5 

The newest series of RCA television 
tape machines includes the TR -3, TR -4, 
and TR -5. These new machines reflect 
design advances in decreased size, im- 
proved performance, lower power con- 
sumption, and greater mobility. The 
machines continue to employ the quad - 
ruplex recording system and thus are 
fully compatible with the more than 
2,000 professional TV tape recorders 
now in worldwide use. 

The TR -3 is a playback -only machine 
(Fig. 7). It is analogous to a Tv film 
chain, since prerecorded tapes are re- 
played in it with its output being a 
video signal. It is very appropriate to 
introduce a playback -only machine at 
this time because it has become com- 
mon practice for broadcast studios to 
utilize one or more tape recorders to 
play back tapes previously recorded on 
other machines. 

The TR -4 is an expanded version of 
the TR -3, in which recording and moni- 
toring circuitry is added. It thus be- 

A. H. LIND received the BSEE in 1946 and the 

MSEE in 1949, both from the University of Wiscon- 
sin. He has been a member of the engineering staff 

of the RCA Broadcast and Communications Prod- 

ucts Division since 1946; until 1950, he was engaged 
in TV camera development and design. From 1950 

to 1953 he was Manager, TV Terminal Equipment 

Engineering and directed the development and de- 

sign of such terminal equipment as sync generators, 
video switches, video distribution amplifiers, etc. 
From 1953 to 1959 he was Manager, Broadcast Audio 
and Mechanical Devices Engineering; this group 
developed and designed audio and TV magnetic 
recorders, TV projectors, associated film equipment, 
and broadcast audio equipment. From 1959 to 1962 

Mr. Lind was Manager, Electronic Recording Prod- 
ucts Engineering and directed the development and 

design of magnetic tape recording equipment. In 

February 1962, he was also made responsible for 
Scientific Instruments Engineering, which has the 
electron microscope as its principal product. Mr. 
Lind is presently Manager of Studio and Scientific 
Instruments Engineering. He is a member of the 

comes a smaller edition of the well - 
accepted TR -22. 

The TR -5 is packaged in a small cab- 
inet which can be easily moved and 
transported, and complements the TR -3 
in that it is intended as a recorder. Its 
mobility for both in- studio and remote 
recording makes it very attractive as an 
addition to existing TV tape recorder 
installations. All three of the new tape 
recorders are available in both domestic 
and international models. The inter- 
national models can be switched for 
operation at either of two scanning 
standards. 

THE "PIXLOCK" SERVO 

During the period of TR -22 develop- 
ment and design, an accessory precision 
headwheel servo unit for the TRT -1 re- 
corders was designed. This unit, called 
the pixlock servo (Fig. 8), has subse- 
quently been incorporated in a large 
portion of the TRT -1 recorders. In 
addition to providing substantially im- 

Fig. 2 -The VTRX color tape recorder was housed in seven rocks (one, 
a monitor, is not visible here); left photo shows (I to r) the signal, 
control and transport racks; right photo shows (I to r) power supply 
and two servo racks. 

IEEE, the SMPTE, and the Franklin Institute; also, 

Tau Beta Pi, Eta Kappa Nu, and Pi Mu Epsilon. He 

has participated as a member of many industry 
technical committees and currently is chairman of 
the SMPTE Video Tape Recording Committee. 

proved performance (absolute time lock 
of the playback signal to within ± 0.1 

sec with respect to a crystal controlled 
reference timing signal), this accessory 
was the second all- transistor unit to be- 
come a commercially designed product. 
It reduced the space and power require- 
ments for the headwheel and capstan 
servos by factors of 8 and 10, respec- 
tively. As a result of this substantial 
space saving, the TR -11 was redesigned 
to incorporate the improved perform- 
ance provided by the transistor servo 
circuits as well as the more compact 
units. This redesign also presented the 
opportunity to make numerous other 
design improvements including the abil- 
ity to handle color signals. The rede- 
sign recorder became the TR -2 (Fig. 9). 

SLOW -SPEED ASSEMBLY 

An important step forward was made 
when it became possible to reduce the 
longitudinal tape speed from 15 ips to 
7.5 ips. This development was made 

Fig. 3- TRT -1A first production -model TV tape recorder: five racks were 
used; left photo shows signal, transport and control racks; right photo 
shows power supply and servo racks. 
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Fig. 4 -Left photo: VTRX headwheel -panel assembly; right photo, TRT -1A 
headwheel panel assembly. In both, the entire headwheel panel as- 
sembly is demountable. 

available as a modification accessory for 
all existing RCA recorders in 1962; this 
modification added the 7.5 -ips speed as 
a switchable second speed. The 50% 
saving in initial tape cost was an impor- 
tant economic consideration. The reduc- 
tion in size and weight of a given re- 
cording was also important for both 
storage and shipping reasons. The 7.5- 
ips tape speed was made feasible by 
greatly improved wear, life, and sensi- 
tivity performance of the video magnetic 
head assemblies.a A continuing develop- 
ment program had raised the head life 
from a dubious 100 hours (the guaran- 
teed minimum) to an expectancy in 
excess of 400 hours. Other head -design 
changes permitted the recording of the 
necessary half -width video tracks with 
hardly any discernible reduction in 
signal -to -noise performance. 

VIDEO MAGNETIC HEADWHEEL ASSEMBLY 

In addition to the basic task of provid- 
ing workable video magnetic heads 
mounted in a rotating wheel, many 
problems were encountered and over- 
come in providing a long -lasting, high- 
speed, high -performance mechanism in 
which the heads are mounted. Two 
areas of substantial development and 
design effort are the bearings used for 
the high -speed shaft and the slip -ring 
brush assembly which is required to 
carry the electrical circuits to and from 
the magnetic heads. Through the years, 

Fig. 5 -TR -11 TV tape recorder; this 
unit shows a 40% decrease in size, 
employing only three racks. 

effort has been applied to obtain ball 
bearings that are well manufactured, 
carefully and properly lubricated, and 
designed to work economically and well 
in the overall assembly; thus, a very 
satisfactory level of performance has 
been achieved. Constant vigilance in the 
area of quality control is vital to main- 
taining satisfactory performance. An 
alternative of using air films for lubri- 
cation of the rotating high -speed shaft 
was suggested several years ago after 
the successful application of this tech- 
nique to precision tape capstan assem- 
blies by DEP Applied Research. In 
1960, the first application of air bear- 
ings in headwheel panel assemblies was 
made experimentally." ,6' The resulting 
product design is shown in Fig. 10. 
Both the radial and axial bearings are 
air -lubricated. Air is introduced into the 
bearing journals from an external 
source of supply at approximately 35 
psi. Since the rotating shaft does not 
make contact with the bearing journals, 
(Fig. 11) the only points of mechani- 
cal load are the frictional load of the 
slip -ring brushes and the frictional drag 
of the magnetic heads on the tape oxide 
surface. As a result, the servo perform- 
ance with respect to time stability (free- 
dom from jitter) is substantially im- 
proved both in peak performance and 
average performance. Furthermore, 
bearing life is substantially extended 
and is limited primarily by the ability 

Fig. 7 -TR -3 all- transistor TV tape player represents 
the first unit to be devoted to "playback only." 

Fig. 6-The TR -22, industry's first all - 
transistor TV tape recorder; size 
is again substantially reduced and re- 
liability improved. 

to keep the air supply to the bearings 
clean. 

A continuing program on materials 
for improved magnetic head pole pieces 
and coil cores resulted in the introduc- 
tion of alfecon in 1961.4 This pole -tip 
material increased the service life by 
three to four times over that achieved 
with the previously used alfenol. Work 
continues in this area with the expect- 
ancy that ferrite materials in some still - 
to-be- determined form will be a further 
step toward longer head life with im- 
proved signal performance. 

COLOR TV RECORDING REFINEMENTS 

Early work with the quadruplex re- 
corder established that its time stability 
for periods of one or two TV lines was 
adequate to maintain the accuracy of 
the chrominance portion of the color 
signal to the corresponding subcarrier 
burst signal adequate for color play- 
back. However, since color receivers did 
not, and still do not, demodulate the 
color information on a line -at -a -time 
basis, this stability is not adequate. 

Double- Heterodyne Technique 

The first successful approach to com- 
pensating for the phase errors intro- 
duced by the recorder was to use a 
double- heterodyne technique that in ef- 
fect stabilized the color phase errors 
which are inherent in the basic re- 
corder. This technique utilizes a local 

Fig. 8 -TRT -1 pixlock servo control unit stabilizes 
the mechanical scanning within ±100 nsec. 

Ng. gy 

,r ' k 
., 

114;., 

=` 
10'1 

z:m óôô 0óô 
, F. soa m"oo 00 

000 000 ° óóó óóó .oì, ", 
awn 

1.100, 

www.americanradiohistory.com

www.americanradiohistory.com


 

Fig. 9 -TR -2 economy TV tope re- 
corder is a modification of TR -11. 

oscillator which is locked to the tape 
color subcarrier bursts on a line -at -a- 
time basis; the chrominance signal is 
then double heterodyned; first, against 
an oscillator which varies as the tape 
burst signal varies, and secondly, against 
a stable carrier locked to the local 
crystal -controlled color subcarrier stand- 
ard." Fig. 12 shows the heterodyne color 
processing equipment used with the 
TRT -1A recorder. 

The heterodyne color processing 
equipment was redesigned to improve 
its stability, reduce the distortion in 
waveform processing and reduce its size 
for the TRT -1B. This equipment is 
shown in Fig. 13. 

The double- heterodyne approach to 
color processing involved a degree of 
compromise in the overall frequency 
response performance and the overall 
time -stability performance of the TRT -1 

recorders. Since it was not practical to 
handle the entire video spectrum in the 
heterodyne process, frequency division 
of the video signal was introduced. 
Only the high -frequency chrominance 
portion of the signal was passed through 
the heterodyne process, thus any jitter 
that appeared in the low- frequency 
"luminance" signal appears at the out- 
put of the machine unattenuated. 

Automatic Timing Control 

Other approaches that might permit 
handling the entire video signal through 

Fig. 12 -Color signal proc- 
essing rack for TRT -lA. 

Fig. 10 -Air bearing head - 
wheel panel assembly. 

one path and controlling the delay or 
velocity of transmission through that 
path were investigated. Practical suc- 
cess was reached when electrically con- 
trollable delay networks were developed, 
based on the use of electrically variable 
capacitors that are simply specially - 
designed, reverse -biased semiconductor 
diodes.' This technique of the stabiliza- 
tion was used first in monochrome auto- 
matic timing control for the TRT -1 
series of recorders. After the successful 
introduction of monochrome units (in 
which the timing error is established by 
comparing the trailing edge of the tape 
signal sync with an external stable sync 
signal and subsequently using this error 
signal to modulate the delay in an elec- 
trically controllable delay network) a 
next step was to apply the same tech- 
nique to process the tape- playback color 
signal. 

In the case of a color signal, the tape 
color subcarrier burst phase is com- 
pared to a stable external color sub - 
carrier signal to determine the error. 
The error signal is then used to modu- 
late the delay in a modest range delay 
network to eliminate the chrominance 
phase errors incurred in the tape 
recording -playback process. The color 
automatic -timing control units (Fig. 
14), when incorporated in the TR -22 
TV tape recorder, make the color re- 
corder performance substantially better 

Fig. 13 -Color signal proc- 
essing rack for TRI-1B. 
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Fig. 11 -Air bearing panel. 

than that achieved with the double - 
heterodyne equipment. 

CONCLUSION 

The TV tape recorder has justified its 
widespread acceptance in the TV indus- 
try on both technical and commercial 
grounds. As it continues to mature, 
those closely associated with it antici- 
pate many more interesting and reward- 
ing developments. 
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Fig. 1 -Three photos from the picture monitor showing scene material with a) quadrature, b) skewing, and c) scalloping distortions. 

AUTOMATIC TIMING CORRECTION FOR 

MODERN COLOR TELEVISION TAPE RECORDERS 

The recording and reproduction of color -television picture signals on magnetic 
tape has posed many challenging problems in addition to those which have 
been solved in monochrome television tape systems. The most important color 
problem is that of time -base stability. This paper describes the means devel- 
oped for color tape playback in the RCA TR -22 Television Tape Recorder» 
which solves the problem of time base stability. 

A. C. LUTHER, Mgr. 
Television Tape Recorder Engineering 

Broadcast and Communications Products Division, Camden, N. J. 

rri HE mechanical scanning process of I the quadruplex recorder produces 
various distortions of the timing of the 
reproduced picture signal. Many of 
these effects are residual to the process 
of segmentation of the picture signal 
into 16- or 17 -line groups for recording 
on each transverse track on the tape. 
The appearance of some of this type of 
picture distortion in a monochrome sig- 
nal is shown by Fig. 1. Each of these 
effects is readily minimized and made 
negligible for monochrome transmission 
by proper adjustment of the transverse 
scanning mechanism and the recorder 
circuits, but this does not ensure good 
color reproduction. The amplitude- and 
phase -modulated subcarrier which trans- 
mits the color information in the com- 
posite color video signal requires far 
greater timing accuracy. A picture dis- 
placement from line -to -line of 0.03µsec 
is not visible in a monochrome picture, 
but the same displacement represents a 
phase shift of 40° to the color subcarrier, 
which will produce a serious hue shift 
in the color picture. The maintenance of 
such precision on a day -to -day basis with 
present Tv tape recorders requires 
skilled operators and constant attention, 
both of which are costly and often just 
not available in the field. Therefore, it 
is desirable to develop means to reduce 
the precision required in the transverse 
scanning for playback of a tape record- 
ing. 
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A further source of color instability is 
the time base jitter resulting from non - 
uniformities of the mechanical motions 
of the recorder. Even with the most 
sophisticated servo system available 
(Pixlock ) , the residual jitter may be 
of the order of 0.1 µsec (130° of sub - 
carrier phase) which is intolerable for 
color. Fortunately, it has been possible 
to develop devices for correction of both 
segmentation and jitter errors simul- 
taneously. 

AUTOMATIC TIMING CORRECTION (ATC) 

Practical experience with quadruplex 
recorders in the field has shown that it 
is reasonably easy to maintain the total 
of all time base errors to less than 1.0 

sec peak -to -peak. Therefore, a correc- 
tion device should have at least 1.0 sec 
of correction range in order to achieve 
the goal of non -critical operation of the 
recorder system. This kind of control 
range is within the capability of elec- 
tronically- variable delay lines based 
upon the properties of silicon diode ca- 
pacitors. Therefore, an all- electronic 
corrector is feasible. 

Given an electronically -variable delay 
line, it becomes necessary to develop 
time base error measuring circuits in 
order to derive proper control of the 
delay line. This may be done by the use 
of phase detector circuits comparing the 
timing of the Tv sync pulses to a suitable 
reference pulse. There are two ways to 

arrange such a system. Fig. 2 shows both 
open -loop and closed -loop control sys- 
tems. These two systems differ substan- 
tially in their capability for rapid cor- 
rection of errors. The closed -loop system, 
which might at first appear more desir- 
able, is limited in rapidity of correction 
by the sampling process inherent in the 
sync pulse phase detector. Since the re- 
sponse of a sampled -data feedback loop 
must necessarily require a number of 
sampling intervals for stabilization, and 
we obtain only one sample per Tv line 
from the sinc pulse comparator, the 
fastest control response of the closed - 
loop system would be several Tv lines in 
duration. This would be unsatisfactory 
for our purpose, since we have seen (Fig. 
1) that the segmentation time base 
errors of the tape process can produce 
large changes in timing from one line to 
the next so our corrector mot be able 
to change its delay by the full range from 
one line to the next. In fact, the entire 
delay change must occur within the 
blanking interval, so that it is not seen 
in the picture. 

The open -loop corrector is capable of 
one -line response, and it therefore is the 
system which has been developed. As 
applied in the RCA TV Tape Recorders, 
such a device is called ATC (automatic 
timing corrector). The ATC is capable of 
correcting jitter and segmentation errors 
for monochrome picture signals, but it 
does not complete the job for color 
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signals. For complete color operation of 
the tape recorder, the color ATC unit is 
required in addition to the ATC. Both of 
these units are available for the TR -22 
recorder' as accessories which fit right 
in the TR -22 console as seen in Fig. 3. 

ELECTRONICALLY- VARIABLE DELAY LINE 

The double -width module of the ATC 

unit contains the electronically -variable 
delay line (EVDL) . This line consists of 
84 sections with fixed iron -core coils and 
silicon diode capacitors. The horseshoe 
arrangement of this line shown in Fig. 
4 effectively bends the line in half to fit 
it in the module length without introduc- 
ing any discontinuity. The rest of the 
double module contains the video driver 
and output amplifier circuits which com- 
plete the video path through the ATC 

unit. 
As seen in Fig. 5, the video passes 

through the line in single -ended fashion, 
while the control of the line is push -pull. 
This is necessary to balance out tran- 
sients which are coupled from the con- 
trol busses to the video path by the 
capacitance of the diodes every time the 
control voltage is changed. 

Since the EVDL is to be used in an open - 
loop control system, it is essential that 
the delay vs. input voltage characteristic 
be highly linear for proper tracking of 
control voltage to be maintained over the 
entire delay range. The capacitance-vs. - 
voltage characteristic of the silicon diode 
is highly nonlinear and of course delay 
varies as the square root of capacitance 
which is a further non -linearity. There- 
fore, a nonlinear amplifier (NLA) is in- 

troduced in the control path to correct 

Fig. 2- Open -loop and closed -loop 
timing -error correctors. 
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for these effects. The delay -vs.- voltage 
characteristic at the input of the NLA is 
then accurately linearized. The NLA also 
contains the phase splitters and error 
driver amplifiers for feeding the delay 
line. 

Driving the control voltage to the de- 
lay line is a difficult task in itself, since 
the diodes represent a capacitance load, 
and a fairly fast response must be 
achieved -during which time the posi- 
tive and negative busses must remain 
accurately balanced so that transients 
coupled to the video will cancel. Further- 
more, the drivers must at all times pre- 
sent a negligibly low impedance to the 
line over the entire video passband be- 
cause the driver represents the ground 
return for the capacitors of the delay 
line. This is accomplished by the corn - 
bination of complementary- symmetry 
emitter followers on each error bus and 
additional fixed capacitance to ground 
to insure a low impedance at the higher 
video frequencies. 

As the diode capacitance is modu- 
lated, both the delay and the character- 
istic impedance of the line will change. 
The line is terminated at both ends with 
fixed resistances which are accurately 
matched to the line impedance at the 
center of the delay range. As modulation 
away from this point takes place, an 
increasing mistermination results. The 
total amount of delay modulation which 
can be achieved by a line of given length 
must therefore be limited so that the 
reflections produced by mistermination 
never become great enough to be visible. 
This is a reasonable compromise. 

Additional considerations in the delay 
line are concerned with the location and 
duration of the delay -change transient 
which occurs when the delay is set for 
each TV line in the picture. Since a large 
timing shift may occur when the re- 
corder switches from one head to an- 
other during the playback process, it is 
essential that the head switching take 
place be /ore the timing error is meas- 

Fig. 3 -TR -22 tape recorder module area high- 
lighting the monochrome ATC and color modules. 
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Fig. 4 -ATC delay module show- 
ing 84- section variable delay line. 

ured to set the delay for the next TV 

line. Head switching in RCA recorders 
is located during the horizontal sync 
pulse; therefore, the trailing edge of 
sync is used for delay error measure- 
ment by the ATC. This arrangement al- 
lows the greatest tolerance for switching 
pulse location. 

The delay- change transient must be 
contained within the width of horizontal 
sync, because it must not interfere with 
the timing of the leading edge of sync 
(which is used by receivers) and it must 
not interfere with the color burst, which 
appears just after the trailing edge of 
sync (Fig. 6). It is inherent that the 
delay -change transient in such a variable 
delay line cannot be shorter than the 
delay of the line itself, and in practice 
it is longer than this because of rise time 
limitations in changing the control volt- 
age to the delay line. Therefore, we split 

Fig. 6- Waveform of color horizontal -blanking 
interval, showing location of head switching 
and ATC delay- change transient. 
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the delay line in two and provide sepa- 
rate control to the two parts to allow a 
sufficiently short delay change transient 
to fit within the sync pulse. Fig. 7 shows 
the arrangement for doing this. You will 
note that the delay- change transient in 
the resultant signal occurs ahead of the 
sync edge which is measured to produce 
the delay change. This is done by add- 
ing fixed delay (dotted in Fig. 7) in the 
video path before the signal enters the 
variable delay line. 

The ATC system as described is ca- 
pable of reduction of timing errors by 
at least 25 times (Fig. 8) . 

WHY COLOR ATC? 

So far we have described the ATC sys- 
tem operating only for monochrome sig- 
nals. Of course the basic action of reduc- 
ing time base errors will also he in the 
right direction to stabilize a color signal, 
but there are still important limitations 
to color operation based on an ATC sys- 
tem which works only from the edge of 
horizontal sync. The first limitation is 
noise. Using the sync pulse for timing 

VIDEO 
INPUT 

measurement of the signal provides only 
one sample per Tv line, and a relatively 
wide bandwidth is needed to handle the 
signal. Therefore, the timing measure- 
ment will be affected by the random 
noise which is added by the tape re- 
corder process, producing an effect 
known as positional noise. For mono- 
chrome purposes, the positional noise is 
at or below the threshold of visibility, so 
it is not serious; but in color it repre- 
sents a substantial phase jitter which 
results in hue instability. For this rea- 
son, it is desirable to use the color ATC, 

so that the greater number of samples 
per TV line (due to the 8 cycles of sub - 
carrier in the burst) and possible use of 
narrower bandwidth will reduce the 
positional noise effect. 

A second problem with the use of sync 
pulse comparison for color is the fact 
that there is no specified phase relation- 
ship between the edge of sync and the 
color subcarrier. Therefore, the sync 
pulse can not be used to control the abso- 
lute phase of subcarrier. It is even pos- 
sible that there can be time modulation 

Fig. 5- Electronically variable delay line. 
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introduced between the sync pulse and 
the color subcarrier so that it is essen- 
tial that the final color timing correction 
be done by comparing the phase of burst 
with a fixed reference. 

A further problem arises because the 
correcting action of monochrome ATC is 
not perfect due to residual errors in cali- 
bration of the open loop. As stated pre- 
viously, a reduction factor of 25:1, mini- 
mum, is considered practical, but this 
can still leave enough residual to disrupt 
color performance if large errors are 
being corrected by monochrome ATC. 

The cascading of the color ATC process 
means that any residual can be theo- 
retically reduced by another 25:1 factor, 
which then makes it negligible even for 
color. 

COLOR ATC SYSTEM 

Color ATC employs the same open -loop 
control system which we have just de- 
scribed for monochrome signals. The 
only difference is that the error detector 
uses burst instead of sync (Fig. 8) . The 
color ATC delay line is shorter, because 

a delay range of 360° at subcarrier fre- 
quency (0.28 sec) is all that is needed. 
Because of the shorter line, it is not nec- 
essary to split it to contain the delay - 
change transient within the sync pulse. 
The NLA and driver considerations are 
the same as monochrome, in fact, iden- 
tical circuits are used throughout. 

The error detector for color ATC is 
substantially different and a lot more 
complicated. This is because it is nec- 
essary to make a phase detector with a 
linear range of 360° at subcarrier fre- 
quency. This is accomplished by operat- 
ing the detector at half- frequency, so 
that the desired 360° is only 180° to the 
error detector (Fig. 10 ) . Both the burst 
and reference subcarrier are divided by 
multivibrators. The divided burst is 
used to form narrow sampling pulses 
and the reference signal forms a saw - 
tooth waveform. A special inhibit func- 
tion on the burst path guarantees that 
sampling always occurs on the center 
half of the sawtooth waveform. 

By measurement of the phase error of 
burst with the color error detector cir- 

Fig. 8- Picture monitor photos showing typical scene material a) before, and b) after ATC. 
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Fig. l0- Waveform of the color errar- detector, 

cuit, a control signal for the color ATC 

variable delay line is formed. This is 
able to correct the phase errors in the 
composite color signal and thereby sta- 
bilize the timing of the signal to provide 
excellent color performance. However, 
the job is not done, because the signal 
must still be passed through the process- 
ing amplifier of the tape recorder in 
order to clean up the blanking and sync 
pulses and insert a new color burst that 
will be free from noise. This requires 
special handling in order to not distort 
the color components of the signal. 

The system for processing the color 
signal consists of splitting the composite 
color signal into high -pass and low -pass 
components (Fig. 9). The low -pass com- 
ponent does not contain any color infor- 
mation and therefore can be passed 
through the standard monochrome tape 
recorder processing amplifier to clean 
up blanking and sync. The high -pass sig- 
nal contains all color information and is 
processed by special circuits in the color 
ATC modules to clean up the blanking in- 
terval and insert a new burst. Then the 
high -pass signal is added back to the 
low -pass signal just ahead of the output 
amplifier of the processing amplifier. 

CONCLUSION 

Color ATC thereby provides time base 
correction on the tape playback signal 
to a residual error level of a few nano- 
seconds with respect to the subcarrier 
reference signal. This allows color tape 
recording with essentially no bandwidth 
or color response limitations. With care- 
ful operation, the TR -22 with color ATC 

can record and playback color program 
material which is indistinguishable from 
the original live signal. 
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Fig. 1 -Simplex track pattern recorded on '/4 -inch tape. 

A COMPACT VIDEO TAPE REPRODUCER 
This portable laboratory -model tape player reproduces both pictures and 
sound from prerecorded standard 1/4 -inch tapes. The complete player - 
including the transport mechanism, reproducing electronics, power supply and 
RF transmitter -is contained in a portable case measuring 16" x I I" x 12/2 ". 
Its self- contained miniature RF television transmitter can couple the 
reproduced video and sound signals to any number of standard television 
receivers. Compactness is achieved by using a small transport, printed circuits, 
and transistor circuitry throughout. 

W. D. HOUGHTON, S. NAROFF, and R. F. SANFORD 

RCA Laboratories, Princeton, N. J. 

TivE research on the elements for 
video tape recording systems has 

been carried on at the RCA Labora- 
tories for more than a decade. Early in 
1956, the results of this effort were pub - 
lically demonstrated in the form of a 
home type video tape reproducer. The 
term Hear -See was coined at that time 
to denote a video tape system for home 
use. Following this demonstration, sev- 

eral different types of Hear -See video 
tape recorders and reproducers were 
built as the art progressed. 

Recently, a portable video tape repro- 
ducer, contained in a case measuring 
16" wide, 11" high, and 121/2" deep, 
has been developed. The reproducer 
(Fig. 1) was built to show how the 
results of research on the basic system 
elements can be applied to the develop- 
ment of a small, compact, and relatively 
inexpensive reproducing unit for home 
use. The compactness was achieved 
through the use of the simplex video 
tape system (Fig. 1) combined with 
recent developments in both the video 
tape electronics and the tape transport 
mechanisms. 
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The simplex video tape recording sys- 
tem' permits the use of 1/4- inch -wide 
magnetic tape on a transport mechanism 
which, in many respects, is quite similar 
to that used in high quality audio sys- 
tems. That is, the heads are stationary, 
the tape is driven by a capstan and pres- 
sure roller assembly, and is drawn from 
a payoff reel and wound onto a take -up 
reel. Since the magnetic heads are sta- 
tionary, a relatively simple head mount- 
ing assembly is employed. This feature 
permits a considerable reduction in 
both size and complexity compared with 
video tape systems where the magnetic 
heads rotate to scan tracks across the 
tape. 

The electronic developments include 
complete transistor circuitry and the use 
of a miniature, transistor type, television 
transmitter which can be adjusted to 
any one of the lower VHF channels. 

The use of transistor circuitry con- 
tributes greatly to the reduced size of 
the player and the miniature television 
transmitter provides a simple means for 
connecting the signals reproduced from 
the tape to the antenna terminals of any 

Fig. 2- Portable video tape reproducer. 

standard television receiver by coaxial 
cable, twin lead or an air path consist- 
ing of a simple antenna system. 

The mechanical developments in the 
tape transport mechanism include the 
use of a single hysteresis synchronous 
motor and a brake -shoe arrangement 
with a mechanical feedback control. The 
motor is coupled to the tape drive cap- 
stan through a mechanical isolator and 
to the take -up reel through a belt and 
slip clutch assembly. The brake -shoe 
arrangement provides a constant hold 
back tension on the tape as it is drawn 
from the payoff reel. 

SIMPLEX RECORDING 

Since a description of the playback unit 
entails a discussion of the signals re- 
corded on the tape, a brief outline of 
the simplex method of recording is in 
order. 

The term simplex is a name given to 
the magnetic recording system in which 
the video signal is recorded along the 
length of the tape by stationary record- 
ing heads. This term is used to distin- 
guish it from the quadraplex system- in 
which the video signal is recorded across 
the width of the tape by a rotating, head - 
wheel assembly, and the helical -scan 
system' in which complete ' fields are 
recorded on a diagonal track across the 
width of the tape by a rotating -head 
arrangement. 

Fig. 1 shows how the signals are re- 
corded on the tape by the laboratory 
model Hear -See Simplex Recorder. As 
in audio tape recording systems, two 
separate recordings can be made on the 
tape by reversing the direction of the 
tape travel. That is, after a recording is 
made on half of the tape in one direc- 
tion, the tape can be removed from the 
takeup reel shaft, placed on the payoff 
reel shaft, and a second recording made 
on the other half of the tape. The arrows 
show the tracks that are placed on the 
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tape for each direction of tape travel 
and the numbers show the widths of the 
associated tracks and the spacing be- 
tween tracks. 

The video tracks are recorded by a 
magnetic head containing two separate 
elements with gap lengths of 40 micro - 
inches each ; the audio track is recorded 
by a separate audio head containing a 
single element with a gap of 100 micro - 
inches. The different track widths (Fig. 
1) are determined to provide the maxi- 
mum signal -to -noise ratio with guard 
bands wide enough to prevent inter - 
track crosstalk. 

Frequency modulation is employed in 
the recording of the audio and the low - 
frequency portion of the video band 
because at the 120 -ips tape speed, 
considerable signal amplitude varia- 
tions result from unevenness in the tape 
coatings, magnetic particle clumping 
and irregularities in the head -to -tape 
contact. The use of frequency modula- 
tion permits the use of clipping and 
limiting to greatly reduce the effects of 
these disturbances. 

The high- frequency portion of the 
video signal is recorded directly on tape 
in order to take full advantage of the 
maximum head -to -tape response. That 
is, by recording the high video frequen- 
cies directly on the tape the highest fre- 
quency reproduced from the tape is 
used to contribute to the finest detail 
portions of the reproduced picture. If a 
carrier were used to record the higher 
frequencies, a considerable loss in high - 
frequency detail would result because 
the carrier would of necessity have to 
be higher than the highest frequency in 
the signal. Furthermore, since the high - 
frequency video band contains only the 
fine detail portions of the picture such 
as edge transitions and closely spaced 
line patterns, the effects of small -signal 
amplitude variations are not particu- 
larly noticeable in the reproduced pic- 
ture. 

Another consideration is that the 
tape- and -head combination exhibits a 
transfer characteristic that has a rapidly 
falling amplitude with increasing fre- 
quency. To compensate for this, it is 
necessary to provide an equalizing net- 
work which has a gain characteristic 
that increases with frequency. Thus, 
when the reproduced signal is equalized 
to a more or less constant amplitude 
the noise has a rising characteristic 
which appears as a fine -grain pattern 
in the reproduced picture. Although 
this noise is noticeable, it is not dele- 
terious until the highest frequency 
signal -to -noise ratio falls below approxi- 
mately 10 db. 

If a single track were used to record 
the entire video band on a carrier, then 
the final picture resolution would be 
considerably lower for the same tape 
velocity because the carrier would re- 
quire a minimum signal -to -noise ratio 
of 35 db for an adequate low- frequency 
video signal -to -noise characteristic. This 
requirement would cause the carrier 
frequency to be set at a value consider- 
ably below that of maximum system 
response. Furthermore, the highest 
video frequency would be' limited to a 
value between 50% and 75% of the 
carrier to maintain an adequate signal - 
to-intermodulation beat ratio. Thus, for 
a single track carrier arrangement the 
speed would have to be increased to a 
value considerably higher than 120 
ips to obtain the same resolution that 
is now possible in the two -rack system. 

REPRODUCING SYSTEM 

Audio 

As shown in Fig. 3, the carrier, repro- 
duced from the tape by the audio play- 
back head, is amplified by a two- transis- 
tor low -noise input amplifier. The 
signal from the input amplifier is fur- 
ther amplified and then limited in a 
four -stage diode type limiter. The signal 
from the limiter is detected by a counter 
type detector and the audio is selected 
from the detector output by a lowpass 
filter. The recovered audio is connected 
to the sound section of the RF transmitter 
by a single transistor audio amplifier. 

SINGLE ELEMENT 
AUDIO REPRODUCE 

HEAD 

AUDIO 
INPUT 

AMPLIFIER 

Video 

The video section is divided into two 
parts -high video and low video -as 
shown in Fig. 4. 

The high video chain contains a two - 
transistor low -noise high- frequency pre- 
amplifier, which amplifies the. video 
band extending from 300 kc to over 2.5 
Mc. The preamplifier output is then 
coupled to a seven -transistor equalizing 
amplifier with a gain characteristic that 
rises with increasing frequency. This 
network is set to have a characteristic 
that is the exact inverse of that of the 
signal reproduced from the tape. The 
equalized signal is then fed to one input 
of a three -transistor video adder stage. 

The 600 -kc signal from the low - 
frequency track is also amplified by a 
two -transistor low -noise transistor pre- 
amplifier. The amplified carrier plus 
sidebands is then coupled to an equal- 
izer which provides an overall flat re- 
sponse from 150 kc to 1.3 Mc. This band 
is equalized to insure that the FM carrier 
and its sideband components have a 
constant amplitude characteristic to 
prevent the following limiter stages 
from introducing unwanted phase dis- 
tortions into the signal. The output 
from the equalizer is coupled to a four - 
stage diode -type limiter and the limited 
signal is coupled to a two -transistor 
multivibrator -type frequency doubler. 

The frequency doubler elevates the 
carrier and its sidebands above the 
10- cps -to- 300 -kc modulation band to 

CARRIER CARRIER 
LIMITER AMP LIFIERI 

Fig. 3 -Audio reproducing section. 

Fig. 4 -Video reproducing section. 
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WILLIAM D. HOUGHTON joined the Research 

and Advanced Development group of RCA Com- 
munications, Inc. in 1940 and was transferred to the 

RCA Laboratories in 1942. From 1940 to 1942, he 

was assigned to a Television microwave relay re- 

search project and from 1942 until 1950, he special- 
ized in time dimension multiplex communications 
system research at the Rocky Point, New York 
Laboratory. In 1950 he was transferred to RCA 

Laboratories, Princeton. Since 1952, he has been 

a group leader responsible for research on home 

type video tape systems. Mr. Houghton holds 39 

U. S. patents, and has received two individual and 

two group RCA Laboratories "Achievement 
Awards." He is the author of several published 
articles on time dimension multiplex and video 
tape recording systems. Mr. Houghton is a mem- 
ber of the IEEE, Sigma Xi, and the Acoustical 
Society of America. He has been active in IEEE 

activities serving as treasurer, vice chairman, and 
chairman of the Princeton Section. 

prevent undesired beats between the 
lower carrier components and the 
higher modulation frequencies at the 
detector output. The 10- cps -to- 300 -kc 
band from the counter -type detector is 
then selected by a four -element low - 
pass filter network, and the output from 
the filter is coupled to the second input 
on the transistor adder by a single - 
transistor video amplifier stage. The 
output from the adder, which covers 
the video band from 10 cps to 2.5 Mc, 
is coupled to the video input of the RF 

transmitter. 

RF Transmitter 
Fig. 5 shows the elements in the minia- 
ture four -transistor VHF television trans- 
mitter. As shown, the audio frequency 
modulates an oscillator with a 4.5 -Mc 

Fig. 5 -RF transmitter 
section. 
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SEYMOUR NAROFF joined the Terminal Facilities 
Laboratory at RCA Communications, New York in 

1941, and transferred to the Laboratories Division 
Communications Section at the same location in 

1943. Here, he was responsible for the design and 

development of numerous electromechanical de- 
vices. Besides the work in communications systems, 

he also designed devices for special projects such 

as TV Film scanning systems, the RCA BIZMAC, 
and military systems such as the VOFLAG, TY- 

PHOON and KILLER contracts. In 1956 he was 

transferred to the RCA Laboratories. He took part 
in the development of the JANUS II satellite 
demonstration equipment, and designed the me- 

chanical portion of a radar recorder for the WADC 
PRESSAR system. From 1959 to the present he has 

been a member of the video tape group of the 
Acoustical and Electromechanical Research Labora- 
tory. Here, he has designed and built various tape 
transport mechanisms for home type video record- 
ing systems. 

center frequency. The frequency modu- 
lated 4.5 -Mc carrier is then added to the 
10- cps- to -2 -Mc video band in a video 
adding network. The output from the 
video adder is used to amplitude modu- 
late the output from a crystal oscillator 
which oscillates at a frequency equal to 
half the desired channel frequency. The 
output from the amplitude modulator 
is then doubled to produce the RF tele- 
vision signal. 

The output from the transmitter is 
coupled to a coaxial connector so that 
a shielded line may be connected be- 
tween the tape reproducer and the 
antenna terminals of any number of 
standard television receivers. Satisfac- 
tory RF tests have been made when the 
reproducer was connected to the tele- 
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ROBERT F. SANFORD received his BSEE from 
the University of Arkansas in 1954. From 1952 to 
1954 he assisted at the University Research Center 

as an associate engineer. In June 1954 he joined 
the RCA Laboratories in Princeton. After his train- 

ing program, his permanent assignment was with 

the Special Systems group on color TV. In March 

of 1958, he transferred to the Acoustical and 

Electromechanical Research Laboratory where he 

has been assigned to video tape systems research. 

During 1961 he developed the heterodyne demodu- 
lator for use in testing the quadruplex color tape 
machine (for which he received an RCA Labora- 

tories "Achievement Award "). Since that time he 

has been active in the development of transistor- 
ized circuits for small compact video tape ma- 

chines. Mr. Sanford is a member of the IEEE and 

is presently Business Manager of the local IEEE 

Publication "P.S. ". 

vision receiver by means of a pair of 
rabbit ear antennas. 

Power Supply 

The power supply (Fig. 6) is a silicon - 
diode bridge rectifier followed by a 
transistor regulator set to maintain the 
voltage at 20 volts -Dc. The ripple voltage 
is 2 my and the regulation is within 0.2 
volts from zero current to 200 ma. The 
total current drain of the entire elec- 
tronic unit is 160 ma, and the total 
power input to the unit is 150 watts. 

TAPE TRANSPORT 

Fig. 7 shows the elements in the tape 
transport mechanism. The 1 /20 -hp hys- 
teresis synchronous motor is used to 
drive both the capstan and the take -up 
reel. The capstan and its flywheel are 

Fig. 6 -Power supply. 
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Fig. 7 -Tape transport mechanism. 

driven through a flexible disk -type 
coupling by the motor which has a speed 
of 3,600 rpm (or 60 rps) which coin- 
cides with the television field rate. The 
capstan circumference is made 2 inches 
in order to move the recorded tape past 
the magnetic pickup heads at 120 ips. 
The takeup reel is driven by a neoprene 
O -ring belt from a pulley on the motor 
shaft to a pulley on a spring loaded 
felt pad slip clutch mounted on the 
reel spindle. 

The belt offers sufficient isolation so 
that reel vibrations are not reflected 
back to the capstan. The pulley ratios 
are such that the takeup reel tries to 
pull the tape slightly faster than the cap- 
stan delivers it. Thus, the clutch slips 

MOTOR ENERGIZING 
SWITCH 

FLYWHEEL 

DISC COUPLING 

slightly at the start and this slip in- 
creases as the tape builds up and the 
rotational velocity of the take up reel 
decreases. 

The guiding arrangement consists of 
twisting the tape 90° between pairs of 
guide posts set parallel to the tape deck 
as shown in Fig. 7. These posts guide the 
tape, at a fixed distance from the deck, 
and over the reproducing heads. The 
compliant nature of the twisted tape 
also acts as a mechanical filter which 
tends to absorb high- frequency tension 
variations. 

To maintain a constant tension on the 
tape as it passes over the reproducing 
heads, a mechanical brake and feedback 
control unit operates to place a variable 

Fig. 8- Complete portable record - 
reproduce- television tape recorder 
utilizing reproducer circuitry de- 
scribed in this article. 

torque on the payoff reel. This is accom- 
plished by the brake drum, the brake 
shoe assembly, and the tape loop around 
the idler roller on the tension control 
arm. 

The operation is as follows: if the 
tape tension tries to increase, the tape 
loop shortens thereby moving the con- 
trol arm in a manner such as to reduce 
the brake action of the payoff reel. 

In order to drive the tape, a rubber 
pinch roller, mounted on a lever arm, 
presses the tape against the capstan. 
The pinch roller is moved to the drive 
position by sliding the start lever which 
is manually operated and held in place 
by a detent. The lever also actuates a 
microswitch which starts the drive 
motor. To stop the tape, during or at 
the end of a run, a pushbutton is de- 
pressed which unlocks the detent, 
releases the lever and removes the power 
from the motor. 

CONCLUSIONS 

The objective of this development was 
to show that the elements for a home 
type video tape unit are now available. 
It remains to be seen if the ideas and 
techniques incorporated in this unit are 
adaptable for a mass item commercial 
market. Fig. 8 shows the most recent 
development in the form of a complete, 
portable recording and reproducing sys- 
tem. The reproducing circuitry for this 
unit is identical to that described above 
for the portable reproducer. 
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LABORATORY SIMULATION 
OF INTERACTION BETWEEN 

THE SOLAR WIND AND 
THE EARTH'S MAGNETIC FIELD 

A controlled plasma- magnetic -field interaction has 

been achieved, the conditions of which are such as to 
generally fulfill the scaling considerations of some 

aspects of geophysical phenomena. The preliminary 
measurements indicate the sweeping action on a mag- 

netic field by a moving plasma; the formation of a 

magnetic cavity; the stand -off of plasma; a quasi Van 

Allen belt whose drift westward can be suggested as a 

ring- current mechanism; and a polar trapping region. 
The correlations between the laboratory observations, 
geophysical measurements, and related theories, where 

possible, show no serious discrepancies as yet. 

Dr. F. J. F. OSBORNE, Dr. I. P. SHKAROFSKY, J. V. GORE 

Research Laboratories 
RCA Victor Company, Ltd., Montreal, Canada 

MODERN rocket technology has opened 
new era in the exploration of 

space by permitting measurements in 
situ, as contrasted with the earlier work 
where measurements were confined to 
the earth or its atmosphere. These early 
measurements have provided consider- 
able information on the earth's space en- 
vironment and led to formulation of a 
variety of theories'-5. Although these 
theories often have some areas of accord 
they, in general, vary widely in the phys- 
ical processes invoked to account for the 
observations. In short, no present -day 
theory can successfully explain all the 
geophysical observations. 

With the data obtained in recent years 
from more extensive "ground" observa- 
tions and from rockets and satellites, ex- 
tensive modifications of these theories 
have resulted, but the diversity amongst 
the various views remains. This is not 
surprising in a situation as complex as 
the earth's outer environment. The ulti- 
mate tests of these or other theories must 
come in comparison with detailed meas- 
urement made in space. 

Aside from the high cost of space 
probes, there are other problems. The 
earth's environment is not controlled and 
indeed is subject to fluctuations of both 
random and cyclical natures. While in 
the past, terrestrial measurements of 
these fluctuations have provided a great 
deal of our information on space, they 
also result in wide ranges of variable in 
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Fig. 1- Configuration of simulation apparatus. 

space measurements. The design of de- 
finitive experiments involves not only the 
selection of the parameters to be meas- 
ured and instrumentation to handle the 
ranges of these variables, but also the 
determination of the orbit parameters. 

LABORATORY SIMULATION 

To aid in the design of the experiment 
recourse may be made to the laboratory 
where experiments are on a more or less 
controlled basis. Since the turn of the 
century, laboratory simulation of geo- 
physical phenomena has contributed to 
the development of the theories. Two 
situations have made laboratory investi- 
gations of even greater interest: the ad- 
vances in plasma physics with the re- 
lated technology; and the data from 
space probes better defining the basic 
space conditions to be simulated. 

Laboratory simulation can only be use- 
ful if the experiment resembles the situ- 
ation in nature by retaining the same 
physical processes (or those postulated), 
and if the resulting information can be 
extrapolated back in one form or another 
to the natural situation. Table I shows 
some of the parameters involved in vari- 
ous regions of space as compared to 
those of a typical laboratory simulation. 
The changes of many orders of magni- 
tude are indicative of the problems. 

A detailed study of the scaling possi- 
bilities shows that a complete reduction 
from nature to the laboratory scale obey- 

ing all the laws of simultude is far be- 
yond present technology, but under care- 
fully controlled conditions, certain 
physical processes in selected geophysi- 
cal phenomena are susceptible to labora- 
tory investigations. One example of this 
is the interaction of the plasma from the 
sun or solar wind with the earth's mag- 
netic field. 

INTERACTION PHENOMENA 

The sun continuously emits a plasma 
or a neutral flow of charged particles 
which has been termed the solar wind 
(or occasionally a solar- breeze) . As this 
rapidly moving plasma encounters the 
outer fringes of the earth's magnetic 
field, its magnetohydrodynamic proper- 
ties enable it to sweep the field before it. 
As the wind forces its way forward com- 
pressing the field as it moves, the plasma 
encounters higher fields. Finally, the 
plasma kinetic pressure is balanced by 
the magnetic pressure and the plasma 
flow can penetrate no further. In this 
way, the total magnetic field of the earth 
is confined by the solar wind into a cav- 
ity which is pushed in on the windward 
side and elongated on the side away from 
the wind so that it takes the form .of a 
teardrop. This region is often called the 
geomagnetic cavity or the magneto- 
sphere. 

When the solar wind "gusts" (in- 
creases suddenly), the geomagnetic cav- 
ity is compressed, as is the magnetic 
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TABLE I- Comparison of Parameters 
Found in Nature and in Laboratory 

Charac- Charge Particle Magnetic 
Parameter teristic Particle Velocity, Field, Length, Density, 

cm /sec Gauss cm cm /sec 

Galaxy 10" 
Magneto- 

sphere 10" 
Ionosphere 109 
Laboratory 10 ° -10' 

100 10-8 

10' 
10" -108 
1012 -1015 

102 10-° 
10-1 

10' -105 105 -101 

field. The magnetic field at the earth's 
surface shows a rapid increase, termed 
the sudden commencement, which is the 
first characteristic of a magnetic storm. 
The sudden commencement lasts some 
minutes, followed by the initial phase of 
some hours where the field is above nor- 
mal. The following "main phase" is a 
long period (hours) where the magnetic 
field is below the normal value. The 
reason for this behavior is that the storm 
action has set up a reaction in the "ring 
currents" surrounding the earth which 
try to push the cavity walls out. Because 
the observer is inside these rings, the re- 

Fig. 2- Plasma- magnetic -field interactions ob- 
served experimentally are given on the right - 
hand side. The solid curves on the left -hand 
side are the unperturbed magnetic field lines 
and the dashed curves are estimated perturbed 
magnetic field lines. 

SOLAR WIND 
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UNE TO CUSP 
(PERTURBED 
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DIPOLE IS 

TABLE I1- Sealing Considerations 

Parameter Values in 
Space 

Desired in 
Laboratory 

Obtained in 
Laboratory 

Ambient Pressure of Neutral Density, mm -Iig 10-18 2 X 10 -4 max 10-5 
Electron or Ion Density, cm-' 50 1011 min 2 X 1018 
Streaming Velocity, cm /sec 108 2 X 108 min 108 
Electron Temperature, °K 105 4 x 104 4X 10' 
Uniform Length of Stream, cm 1.5 X 1015 10 min 5 

Radius of Terrella, cm 6.37 X 108 3 3 
Magnetic Field at Surface of Terrella, Gauss 0.311 2 X 105 min 2 X 108 
Thickness of Interface Transition Region, cm 5.3 X 104 0.62 1.2 

Radius of Cavity on Sunlit Side, cm 5.14 RE=3.28 X 108 2.24 RE =6.72 2.5 RE=7.5 
Total Time for a Geomagnetic Storm, sec 105 10-2 6 X 10-5 

action appears as a reduction in field. 
Finally, as the storm subsides, the reac- 
tion also decays slowly, and in the 
"recovery phase," the field returns to 
normal. 

SCALING CONSIDERATIONS 

The rather extensive scaling consider- 
ations are only summarized here. In 
order to simulate the solar wind as a 
magnetohydrodynamic medium, one has 
to eliminate electron -neutral collisional 
effects and electron -ion collisions have 
to be reduced sufficiently for resistivity 
effects to be negligible and to yield, as a 
result, a high magnetic Reynolds num- 
ber. A few ion -ion collisions are, how- 
ever, favorable to make the thermal pres- 
sure isotropic. To minimize gradient ef- 
fects in the flow, the wind has to be uni- 
form over a sufficient length. Also, the 
ion kinetic pressure should be greater 
than its thermal pressure. To simulate 
the interface between the solar wind and 
magnetosphere, the magnetic field must 
be sufficiently strong to give a reason- 
ably large cavity and to make the radius 
of curvature of the magnetic field lines 
at least comparable to the ion cyclotron 
radius. Within the interface, some elec- 
tron -ion collisions are permitted which 
will increase its thickness, but ion -neu- 
tral and ion -ion collisions must be 
avoided. 

Most of these conditions have been 
met in this experiment, as shown in 
Table II. The major deviation from the 
desired conditions is in the plasma dura- 
tion (total time that the wind acts). The 
scaled time of 0.01 second is based on a 
linear time scaling of a magnetic storm. 
The actual plasma duration in the lab- 
oratory of 10 to 100 µsec implies that 
only the sudden commencement and a 
portion of the initial phase of the mag- 
netic storm is scaled, but this is not a 
necessary consequence. If the physical 
processes involved in the reaction are 
rapidly generated compared to the inter- 
action time of the wind and field, the 

Fig. 3- Photograph of interaction - visible 
bands across terrella. Westward motion is down 
the near surface facing the observer. Polar dis- 
charge region is visible near the right -hand 
(north) pole. 

whole storm may be simulated with a 
distorted shorter time scale. 

LABORATORY EXPERIMENT AND 
DIAGNOSTICS 

Fig. 1 shows the general experimental 
configuration. The model solar wind is a 
moving plasma generated by a shock 
tube driven by a 325 -joule capacitor 
band and triggered by an integral button 
gun. Streak photographs indicate a 
plasma velocity V of 10' cm /sec and 
show that the wind is in the nature of 
several discrete "gusts ", super- imposed 
on a lower density steady wind. The peak 
electron density N is approximately 2 X 
1018 /cme as measured by a multiple 
probe transmission diagnostic system 
operating" at 35 Gc. The model earth, or 
terrella, is of 3 -cm radius R and is lo- 
cated in a chamber of 15 -cm diameter. 
The pulsed terrella magnetic field is a 
three -dimensional dipole of magnitude 
B. = 2 kilogauss (kG) at the equator 
with a time constant such as to be sensi- 
bly constant for about 1 msec, long com- 
pared to the shock duration. The meas- 
urements of magnetic field are made by 
small search coils, the outputs of which 
are integrated and presented on oscillo- 
scopes. Additional measurements have 
been made using double probes -ac- 
tively to give relative plasma density and 
passively to detect voltage gradients. 

The visual interaction is recorded by 
time -exposure photography using both 
black and white, and color films. Nar- 
rowband optical filters and diffraction 
grating studies have been used to resolve 
ion species in various interaction re- 
gions. Some of the diagnostics have been 
illustrated previously'. In much of this 
work the wind has been seeded with 
NaCl. The base pressure of the entire 
system is about 5X10-° torr. 

PLASMA STAND -OFF AND 
MAGNETIC CAVITY FORMATION 

Fig. 2 is a composite sketch summariz- 
ing the photographic evidence regarding 
the various visible discharge regions. 

A time- exposure photograph (Fig. 2, 
Region 1; Fig. 3) reveals a luminous 
band whose stand -off distance (meas- 
ured from the terrella center to the inter- 
face) depends on magnetic field. For a 
stand -off distance r of 8 cm, the thick- 
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Fig. 4- Magnetic field measurement along line 
joining the terrella centre to the gun. Data 
points: o, unperturbed terrella field; x, per- 
turbed field, boundary at rest (greatest pene- 
tration); x', perturbed field showing only the 
maximum initial increase or sweeping action 
(boundary in motion); A, difference between 
the net "rest" perturbed fields and the unper- 
turbed fields; , difference between the swept 
and unperturbed fields. Arrows indicates theo- 
retical stand -off position. Curves marked X10 
are expanded on a 10 -fold scale. The wind is 

incident from the right. 

ness of Ar of the visible band is approxi- 
mately 1.5 cm. 

Magnetic -probe measurements have 
been made in the equatorial plane in the 
direction joining the gun and the center 
of the terrella. For purposes of discuss- 
ing the measurements, the windward 
side of the terrella is considered in four 
regions (Fig. 4) . From the terrella sur- 
face outward to 6 cm (Region a) the 
magnetic field increases at the time of 
arrival of the plasma as shown in Fig. 
5a. This increase is associated with the 
action of the plasma sweeping the mag- 
netic field lines to the geomagnetic 
cavity. 

Region b (Fig. 4), 6 to 7.5 cm: The 
increase in magnetic field is such as to 
double the unperturbed field. It is inter- 
esting to note that space measurements 
by Cahill and Amazeen8 show a double 
increase, while theory (Midgley and 
Davie; Slutzl °) predicts a factor of 2.82. 

. In Region c, 7.5 to 8.5 cm, the initial 
increase in magnetic field occurs before 
the moving boundary has reached the 
probe. This is followed by a rapid de- 
crease as the magnetic field boundary is 
swept by, indicating that the compressed 
field boundary is inside this region. This 
behavior is shown in Fig. 5b. This region 
approximately includes the visible stand- 
off. Near 7.5 cm, the perturbed magnetic 
pressure is equal to the wind pressure. 

Neglecting thermal -pressure effects, the 
standoff distance in earth radii is given 
theoretically by 

r (aBo)116 

R (4µ6NMVa)116 

Where: a = 2 denotes the experiment- 
ally measured doubling of the magnetic 
field. M is the mass of the ions and µ the 
permeability of free space. This yields 
r = 8 cm. Including the thermal pres- 
sure reduces this to r = 7.7 cm, the ap- 
proximate position of the inner bound- 
ary. Although thermal effects can dis- 
place the boundary nearer the terrella, 
the thickness of the transition is deter- 
mined mainly by electron -ion collisions 
for these experimental conditions. This 
collisional broadening can be thought of 
as diffusion, or leakage, of magnetic 
field lines, and is given by Colgatel1 as 
Or = n/ AY where n is the electron -ion 
resistivity. Inserting the constants, one 
obtains approximately: 

Ar[cm] = 10's 
V[cm /sec] Tß z[ °K] 

This yields an electron temperature T 
of 4.6X10' °K for the magnetically ob- 
served transition region of 1 cm. 

Beyond 8.5 cm, in Region d, after the 
initial increase the subsequent decrease 
is sufficient to nullify the resultant field. 
The initial increase (approximately a 
factor of 2) arises from the magnetic 
field swept past the probe and it is fol- 
lowed by the null value as the cavity 
forms closer to the terrella. This zero - 
field region appears to correspond to the 
space outside the geomagnetic cavity. 

There is marked similarity between 
these data and those' from EXPLORER 

XII except for the space measurements 
showing an erratic field outside the cav- 
ity proper. 

On the leeward side, the magnetic 
field near the terrella shows a slight ini- 
tial increase followed by a decrease in 
net value. The magnitude of the field 
increase diminishes rapidly with dis- 
tance from the terrella, whereas the sub- 
sequent field decrease is nearly constant 
up to 10 cm beyond the terrella. Meas- 
urements beyond this distance are hin- 
dered by fluctuations in field not asso- 
ciated with the interaction proper. 

In all regions, the field returns to its 
initial unperturbed value after the 
plasma wind subsides. 

QUASI VAN ALLEN BELT 

In addition, a second visible discharge 
(Region 2, Fig. 2, Fig. 3) is observed 

Fig. 5- Magnetic field interaction records; upper trace, 20 µsec /cm; lower trace, 0.5 msec /cm. 

5a -near terrella showing field increase by 5b- beyond stand -off showing initial increase 

compression. followed by decrease and _null of field. 
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surrounding the poles on the terrella 
surface and lying along the magnetic 
field lines joining these regions. The 
outer boundary of the plasma lying in 
the magnetic field lines is about 1 cm 
within the standoff and the band is about 
1 cm thick. The form of this belt is such 
as to suggest it is an analog of the Outer 
Van Allen belt, although the mechanism 
responsible may be different. This visi- 
ble region exhibits a well defined mini- 
mum latitude on the terrella surface and 
in some circumstances a maximum lati- 
tude as well. If the dipole is reversed 
(Fig. 6) the discharge does not cross the 
visible side of the terrella, although 
careful examination shows a weak lu- 
minosity at the belt position coming 
from the leeward side of the terrella. 
Thus it may be shown that the visible 
motion of plasma across (or around) the 
terrella is westward suggesting a west- 
ward moving ring current. Streak photo- 
graphs show further that the azimuthal 
velocity is about a factor 3 lower than 
the wind velocity (0.5X10° vs. 1.3X106 
cm /sec) . 

Recourse to the scaling considerations 
indicates that the ion motion should be 
westward but at a considerably lower 
velocity (a further factor of 6) if the 
guiding centre motion ideas were appli- 
cable. The scaling also indicates that the 
magnetic field associated with this ring 
current should be less than 1 gauss or 
undetectable with the presently used 
techniques. Examination of the magnetic 
field plot Fig. 4 shows that in the equa- 
torial plane this inner belt is near, but 
outside, an amplitude peak in the field 
perturbation. 

As indicated previously, the principal 
scaling applies to the simulation of the 
solar- wind -magnetic field interaction, 
i.e. the standoff region. It is quite pos- 
sible that the magnetic field of the ring 
current is detectable. An intensive inves- 
tigation regarding this point is under 
way with encouraging, but as yet incon- 
clusive results. If such a field is meas- 
ured it would indicate that the main 
phase of a magnetic storm is detectable 
although it is unclear whether the mech- 
anism producing the main phase is re- 
lated and properly scaled to that in 
space. 

The use of probe measurements in the 
vicinity of the terrella has shown that 
the electric and magnetic field within 
these belts have a periodic component at 
a discrete frequency near 1 Mc. This has 
been tentatively likened to a similar 
effect observed in space probes in the 
kilocycle region which scales with the 
magnetic field. This area is also being 
studied further. 

The mechanisms involved in the pro- 
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awarded his MSc at Laval University in 1951. In 1954 

he received a DSc from Laval University. He joined 
the Research Department of Canadian Marconi 
Company in 1954 as a Senior Physicist. In 1956 he 
was made a supervisor. He then transferred to the 
Electronic Tube Plant, where he developed an 
S -band electron beam parametric amplifier. In 
January 1961 he joined the Research Laboratories of 
RCA Victor as a Senior Member of Scientific Staff. 
He has since worked on plasma diagnostics, plasma 
loaded microwave structures, and laboratory geo- 
physical simulation. He was active in the Royal 
Canadian Navy (Reserve) from 1946 -1956, is a mem- 

duction of these belts is unknown (as is 
the case in space) except that the initial 
injection or generation occurs to wind- 
ward in the meridianal plane containing 
the shock source. Although the particle 
trajectories differ from those of the Van 
Allen belts in nature, the present evi- 
dence indicates that the physical proc- 
esses are generally scaled and pertinent 
to the simulation. 

POLAR DISCHARGE REGION 
A number of photographs of the inter- 
action show a separate region of weak 
luminosity near the N pole of the ter - 
rella but slightly to windward (Region 
3, Fig. 2; Fig. 3). The recorded light is 
extremely sensitive to the angle between 
the dipole axis and the wind, and re- 
quires a slight asymmetry. It appears 
that this polar discharge region pos- 
sibly straddles the field lines from this 
pole. Attempts to produce a similar re- 
gion at the south pole were unsuccessful 
with this set up but seem to appear in 
recent experiments. 

The angular extent of this region as 
measured from the terrella center is 

Fig. 6- Photograph of interaction- conditions 
similar to Fig. 3, but with poles reversed. 

ber of the Canadian Association of Physicists, the 
American Physical Society, and is listed in "Ameri- 
can Men of Science." 
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probably deceptive in that this line posi- 
tion fluctuates violently during the 
"gusts of wind" and thus blurring an 
integrated photograph of this type. The 
luminosity achieved to date is too low 
to permit streak photographs of this. 

The low luminosity of this region sug- 
gests several alternative mechanisms - 
a low number of particles injected (as 
is also suggested by the sensitivity to 
asymmetry) ; a relatively poor trapping 
in the cusp -like magnetic field geom- 
etry; or a very short -lived trap present 
only during part of the perturbation. 

The importance of such a trapping 
region, if it did exist in nature, is appar- 
ent. Such a region would be susceptible 
to instabilities (Chang'') and could pro- 
vide a particle acceleration mechanism 
related to auroral effects. It may be 
noted that this region of the poles at 
several earth radii has not yet been ex- 
plored by satellites. 

CONCLUSIONS 
First results on the behaviour of the 
magnetic field show excellent correla- 
tion with the theory and with space data 
from EXPLORER XII. In addition, the 
formation of visible bands across the 
terrella has been observed, the charac- 
teristics of which resemble in many ways 
the Van Allen Belts. Other features have 
been observed which as yet have not 
been identified with space phenomena. 

The present program is based on a 
more extensive study of these and other 
laboratory scale phenomena using a new 
experimental setup. The new series of 
experiments are being done in a larger 
chamber to reduce wall effects and with 
changes in the shock tube and terrella 
coil to permit a wider range of variables. 
The most recent measurements show 

DR. ISSIE P. SHKAROFSKY graduated in 1952 from 
McGill University with a BSc and first class honors 
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MSc conducting his research at the Eaton Electron- 
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Eaton Electronics Research Laboratory and received 
his PhD in 1957. After graduation, he joined the 
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limetre waves, obstacle gain, laser applications, 
electromagnetic wave interaction with plasmas and 
plasma kinetics. Dr. Shkarofsky is an associate mem- 
ber of the Canadian Association of Physicists and a 

member of the IEEE. 

that the form of interaction is a strong 
function of the parameters used. 

Although the discussion of geophysi- 
cal phenomena based on laboratory sim- 
ulation is highly speculative in nature - 
at least until a great deal more data is 
analyzed -these preliminary results in- 
dicate that a major contribution to 
knowledge of the space environment can 
come from the laboratory. 
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TELEPHONE CHANNEL NOISE 

MEASUREMENTS 

Many special techniques and terminologies have evolved for determining tele- 

phone speech circuit noise. This paper outlines the basic methodology and terms 

as now widely accepted, and discusses progress toward standardization. For 

further details, a bibliography of recommended reference works in this field 

is included. 

F. M. BROCK 
Microwave Engineering 

Broadcast and Communications Products Division 

Camden, N. J. 

TABLE I- Definitions of Terms 

db: Logarithmic power ratio ex- 
pressed in decibels; db - 10 login 
(P2/131). In the same impedance, 
decibels can also be expressed in volt- 
age ratio; db = 20 login 1V2/Vi ). 

dbm: Decibels above or below 1 mw 
= ±dbm. 

dbr: Used to refer the signal level at 
any point in a transmission system to 
an abitrary point in the system known 
as the point of zero relative level. 

dbw: Decibels above or below 1 watt. 

dbv: Decibels above or below a ref- 
erence voltage of 1 volt. Normally 
used to define the relative level of a 
video signal relative to 1 volt peak - 
to -peak. 

dbc: ( "db Collins "; used by Collins 
Radio Co.). Decibels above or below 
a reference voltage of 0.775 volt - 
RMS; that is, the db scale on HP -400 
series VTVM's. 

dbx: Crosstalk coupling measure- 
ment; decibels above or below refer- 
ence coupling. 

dbrn: Decibels above reference noise, 
where the reference noise power is 
10 -12 watt, or -90 dbm at 1,000 cps. 
Established by the Bell Telephone 
Co. for measurements with 144 -line 
weighting for noise interference 
measurements. Now largely super- 
seded by measurements in dba and 
dbrn -Cm. 

dba: Decibels above reference noise, 
adjusted. Similar to dbrn, except used 
for interference noise measurements 
with Bell FIA -HA1 telephone sets, 
and with the reference noise power 
at -85 dbm at 1,000 cps. 

dbrn -Cm: Decibels above reference 
noise, adjusted for C- message circuits. 
Similar to dbrn except used for inter- 
ference noise measurements with Bell 

500 telephone sets, and with refer- 
ence noise power at -90 dbm at 
1,000 cps. This is the interference 
noise measurement term used on the 
new Bell Type 3A Noise Meter. 

0-TLP: Abbreviation for zero- trans- 
mission -level point. A measuring 
point in the telephone system where 
the zero reference of 1 mw appears. 
Also known as the RTLP 1 reference 
transmission level point). 

dbao: Decibels of adjusted noise in- 
terference power referred to 0 dbm 
at the RTLP. That is, noise of +20 
dba at OTLP is +20 dbao; at a -4 
db TLP, it is +24 dbao. 

dbmo: Decibels of sinusoidal signal, 
or noise, power referred to 0 dbm at 
the RTLP. A signal of +7 dbm at 
OTLP is +7 domo; a signal of -15 
dbm at a -15 dbr point is 0 dbmo. 

psophometric voltage: Interfering 
noise voltage present at a measuring 
point in a telephone system, meas- 
ured as recommended by the CCITT 
using a psophometer ( noise volt- 
meter). This noise voltage is then 
converted into psophometric emf 
(equiv. noise generator emf) by con- 
sidering the circuit source and load 
impedances referred to 600 ohms re- 
sistive. ( psophometric emit = 2 X 
t psophometric voltage) for 600 ohm 
resistive circuits). 

dbmop: An interfering sinusoidal or 
noise power level in a telephone sys- 
tem measured with a CCITT standard 
telephone psophometer, and giving 
the same reading as an 800 -cps tone 
of equal power level in dbmo. 

NOTE: Interfering noise levels can 
also be measured psophometrically in 
picowatts 110 -12 watt) by relating 
the psophometric emf to equivalent 
output power in a 600 -ohm matched 
system. 
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THHOUGHOUT the history of telephone 
communications, special techniques 

and terminologies have evolved for de- 
termining and measuring telephone 
speech circuit interfering noises and 
disturbances. These special techniques 
and terms form a "language" commonly 
used in the planning, design, and testing 
of telecommunications systems to de- 
scribe the noise (or disturbance) per- 
formance of the communications facil- 
ity. One of the objects of this language 
is to establish standards of measure- 
ments of wanted to unwanted signal 
powers, as well as the interfering effects 
of various types of noise powers, in a 

telephone system. 
In the USA. the majority of this 

work has been conducted by the Bell 
Telephone Co.. while outside the USA, 
where international agreements were 
more immediately necessary. recom- 
mended standards of telephone noise 
measurements and terms have been 
established by the CCITT (Committee' 
Consultatif Internationale de Tele- 
phonique et Telegraphie' ). The CCITT 
forms a part of the International Tele- 
communications Union, an agency of 
the United Nations. 

Also, various private firms manufac- 
turing or using telephony equipments 
have contributed some specific terminol- 
ogy. Universal standardization in tele- 
phone -noise language will undoubtedly 
be completed in the future, but for the 
present a number of different terms. 
meters, and measurement techniques 
exist, and will be used for some time 
to come. As a starting point for this dis- 
cussion of telephone -noise- measurement 
language, a list of the most commonly 
used terms and their accepted defini- 
tions is presented in Table I. 

SIGNAL -TO -NOISE MEASUREMENTS 

Signal -to -noise measurements in tele- 
phone systems are commonly made at 
the switchboard or exchange point. 
although any point in a telephone sys- 
tem can be used provided it is clearly 
understood by the system designer, the 
tester, and the user, what the point is 

and what measuring instruments are to 
be used. 

For the testing of telecommunications 
systems involving a multichannel car- 
rier on cable or radio paths. this point 
is usually selected as the 4 -wire voice 
frequency input -output of each tele- 
phone channel and is set to be a zero 
transmission level point. Then, a pure 
sine -wave signal of 1 -mw (0 -dbm) power 
at either 1,000 cps (Bell Telephone Co.) 
or 800 cps (CCITT) is injected in the 
transmit path, and appears as signal + 
noise and distortion at the equivalent 
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point in the receive path at an end 
terminal station. The power level of the 
received signal + noise is measured and 
compared with the noise power in the 
same channel without the signal present. 
Since the noise power is usually more 
than 30 db below the signal power, the 
received -signal power is considered to 
be only the zero -transmission -level 
power increased or decreased by the 
transmission equivalent (db gain or 
loss) of the system. Thus, the signal -to- 
noise measurement becomes one of 
measuring and categorizing the noise 
power present in the telephone channel. 

This noise power represents an inter- 
ference with the intelligibility and qual- 
ity of received telephonic speech, and 
so must be "adjusted" or "weighted" to 
some base reference in order that com- 
parisons of telephone- circuit transmis- 
sion quality may be made. Not only 
must the frequency response limitations 
of the telephone set to be used be taken 
into account, but also the subjective 
interference effects of various frequen- 
cies and power levels in human speech 
must be considered. Investigations into 
these effects by the Bell Telephone Co. 
and by the CCITT have resulted in the 
noise -interference measurement terms 
listed in Table I and discussed below: 

dbrn 
The early telephone- circuit noise- inter- 
ference measuring set, Type 2A (Bell), 
was based on a 1,000 -cps tone power of 
10-" watt, or -90 dbm, as a calibrating 
reference. This noise measuring set in- 
cluded provision for shaping or "weight- 
ing" the frequency response of the 
measuring circuit to conform to the fre- 
quency response characteristics of the 
144 -line telephone circuits in use at that 
time. This weighting curve is shown on 
Fig. 1, where it can be seen that fre- 
quencies removed from 1,000 cps are 
attenuated in a pronounced manner. 
This curve must be consulted whenever 
the interfering effect (in dbrn) of fre- 
quencies other than 1,000 cps are con- 
sidered. For a flat frequency band of 
thermal noise in a 3 -kc band of power 
equal to 1 mw (0 dbm), the 144 -line 
weighting reduces its effect by 8 db, or 
to -8 dbm. 

dba 

With the introduction of the Bell 
FIA -HA1 telephone set with increased 
sensitivity and bandwidth, a modified 
form of Bell noise -interference measur- 
ing set, Type 2B, was adopted, with a 
new reference noise at 1,000 cps of 3.16 
X 10 -'¿ watt or -85 dbm. (This was 
occasioned by the 5 -db- higher sensitivity 
of the FIA -HAl telephone set.) Also, 
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Fig. 3. -CCIF "A" telephone circuit frequency weighting curve 
( "CCIF Recommendations," Vol. III, 1954). 

the frequency response of the FIA -HA1 
circuits was greatly improved. per the 
curve marked FIA on Fig. 1. Thus, noise 
frequencies distributed across the 300 - 
to- 3,000 -cps audio range would have 
more interfering effect, and in fact the 
effect of a flat band of thermal noise in 
a 3 -kc band of power equal to 1 mw 
(0 dbm ) is reduced by 3 db, or to -3 
dbm. Noise measurements made with 
the Type 2B noise meter, in db above 
reference noise, are relative to a refer- 
ence power of -85 dbm. when the noise 
interference is a 1.000 -cps tone. For 
randomly distributed or for "flat" noise 
spectra, the FIA weighting is applied to 
give an effective reference power of -82 
dbm. Table II shows various measure- 
ments of noise and tone powers in dbrn. 
dba, and flat weightings. 

C- Message Waiting 

The latest (1960) Bell noise measuring 
set, the 3A, provides a new frequency 
"weighting" network denoted C- message 
weighting. This primarily resulted from 
the improved frequency response of the 
Type 500 set, and increases the inter- 
fering effect of distributed noise fre- 
quencies. In the interests of standardiza- 
tion, the older reference noise level of 
10-" watt ( -90 dbm) at 1,000 cps is 
used; however, the wider frequency re- 
sponse of the C- message weighting 
affects readings of random or "flat" 
noise powers, and again if a flat 3 -kc 
band of thermal noise of power equal to 
1 mw (0 dbm) is considered, its effect 
is reduced by only 1.5 db, or to -1.5 
dbm. The C- message weighting curve is 
shown on Fig. 1, and level readings in 
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dbrn -Cm are included for comparison 
in Table II. Note that all measurements 
(other than those of 1,000 -cps power) 
in dbrn must include a note as to the 
weighting used that is, dbrn -144 or 
dbrn -Cm. 

Psophometric emf or 
Psophometric Voltage 
Psophometric noise voltages are read on 
a psophometer, the CCITT standard 
noise meter. This instrument is very 
similar to the Bell meter, the weighting 
network characteristic (A filter, CCIF 
Recommendations 1954) being almost 
identical to that for the Bell FIA weight- 
ing. The CCIF A weighting curve is 
shown on Fig. 3. If the circuit is other 
than a 600 -ohm matched circuit, the 
noise voltage measured V,,, must be cor- 
rected to the reference impedance (i.e.: 
For a matched circuit impedance of R 
ohms, the corrected noise voltage V is: 

V=VRI 
600 
R 

The noise or psophometric emf is twice 
the noise voltage in a matched- imped- 
ance circuit. Noise power can also be 
expressed directly in 10-'- watts (pico- 
watts ) for psophometric measurement 
by relating the psophometric emf to the 
equivalent Output power in a 600 -ohm 
matched system. If the measured system 
is 600 -ohm matched, the psophometric 
voltage can be directly converted to 
noise power by the curve in Fig. 4. 

TEST METERS 

All of the noise test meters previously 
discussed operate in basically the same 
manner. A linear amplifier with flat fre- 

quency response provides the proper 
input impedance for circuit termination 
(usually 600 ohms) and sufficient meas- 
uring sensitivity for low noise levels; an 
adjustable attenuator sets this sensitiv- 
ity and is followed by a frequency 
"weighting" or filtering network, a 
square -law detector, and a decibel - 
calibrated meter of standard integration 
time (200 msec for 99% response) . The 
square -law detector ensures that a power 
measurement is obtained, and since the 
noise measured will be of random fluc- 
tuating or impulsive waveform, the in- 
tegrative time of the meter must be 
standardized so that readings can be 
compared. Other frequency weighting 
networks may be used in the Bell 2B 
and 3A noise meters to provide: 

3 -kc flat weighting 
15 -kc flat weighting 

5 -kc program circuit weighting 

Fig. 4- Psophometric voltage versus noise 
power in picowatts and dbm (600 -ohm circuit). 
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Fig. 6- Simple relationship of dbmo versus 
picowatts. 

Response curves for these weightings 
are shown on Fig. 2. The program and 
15 -kc circuit weightings are used for 
noise measurements on special wide - 
band telephone circuits designed to 
carry music as well as speech. The 3 -kc 
flat weighting could be used for noise 
measurements on telephone channels 
intended solely for digital data or fac- 
simile transmission. 

SYSTEM NOISE MEASUREMENTS 

As an example, a telephone system noise 
measurement test is shown in Fig. 5, 

with typical levels. Calculation of chan- 
nel signal -to -noise ratio, or more corn - 
monly, weighted noise at the zero trans- 
mission level point, would proceed as 
follows: 

1) Test level at 1 kc at ZTLP = 0 dbm = 
0 dbmo 

2) System transmission equivalent be- 
tween terminal ends indicated = 0 db 

3) Output test level at 1 kc = 0 dbmo 
4) Idle channel noise at end terminal, on 

Bell 2B meter = +20 dba 
5) Equivalent "interference" power = 

-85 +20 = -65 dbm 
= -65 dbmo 

6) Idle channel signal -to -noise (FIA) _ 
65 db 

Now change conditions: 

1) Test level at 1 kc at ZTLP = 0 dbm 
=0dbmo 

2) System transmission equivalent = -6 
db 

3) Output test level at 1 kc = -6 dbm 
= 0 dbmo 

4) Idle channel noise, on Bell 3A meter 
= +18.5 dbrn - Cm 

5) Equiv. "interference" power = -90 
+ 18.5 = -71.5 dbm 

6) Idle channel signal -to -noise (Cm) at 
-6 dbm point = -71.5 + 6 = 65.5 
db. 

System channel noise power can also be 
expressed directly in picowatts if the 
measured noise is converted to dbmo 
and the graph of Fig. 6 used to convert 
dbmo to pw. This method of expressing 
telephone system noise performance has 
advantages for the system designer in 
that noise power contributions 
(weighted) from many parts of the sys- 

TABLE II- Various Measurements of Noise and Tone Powers 

Flat 3 kc Band of 
Thermal Noise 

dbm 

Noise Meter Measurement Equiv. dbm 

dba dbrn dbrn-Con dbm 
FIA 

dbm 
144 

dbm 
C- message 

0 82 82 88.5 -3 -8 -1.5 
-10 72 72 78.5 -13 -18 -11.5 
-20 62 62 68.5 -23 -28 -2L5 
-30 52 52 58.5 -33 -38 -31.5 
-40 42 42 58.5 -43 -48 -11.5 
-50 32 32 38.5 -53 -58 -51.5 
-60 22 22 28.5 -63 -68 -61.5 
-70 12 12 18.5 -73 -78 -71.5 
-80 2 2 8.5 -83 -88 -81.5 
-82 o o 6.5 -85 -90 -83.5 
-88.5 0 -91.5 -96.5 -90 

tem. or system links, may be directly 
summed to obtain the overall end -to -end 
expected noise performance. 

A convenient graphical method to dis- 
play the telephone channel noise power 
relations of Table II is shown on Fig. 7. 

(This graph was supplied through the 
courtesy of Dr. R. Guenther, DEP Com- 
munications Systems Division, Cam- 
den) . Fig. 7 also gives telephone- speech 
volume relationships for telephone sets 
using the T1 transmitter. 

CONCLUSION 

This discussion has presented an outline 
of basic telephone noise measurement 
terms and techniques. Progress and 
change towards standardization is con- 
tinuing, and for current information and 
additional details on recommended tech- 
niques and conditions for specific noise 

measurements, the interested reader 
should consult the following bibliog- 
raphy. 
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Fig. 7- Relations between 1,000 -cps tone power, thermal noise (flat) power, and speech power in 
a telephone channel. Vo = average volume talker; V.. = volume of RMS talker; V,5 = 
0.115v2, where e = standard deviation; V1% = vo:ume of less than 1% of talkers. 

90 

80 

70 

60 

50 

it 40 

o 30 

20 

10 

o 

PI CO WATTS 

10 103 104 105 10° 10' 108 log 

. 
\ \ ov U 

NM' E 

illi 
1-KC TONE 

Ail 
Mill . 

InirN.. 
.ry' 

TD. THER 

AND (SPEECH) 

, 
BAND 3KC I. 

`/ . 
-70 -60 -50 -40 

DBM 

-30 -20 -10 

-90 

60 

70 

- 60 

50 

40 

30 

-20 

v0 

-10 Vop 

67 

www.americanradiohistory.com

www.americanradiohistory.com


MILS 

UNDER 
WATER 
SOUND 

UDOP 

LORAC MOD II 

AZUSA 

'fa 
CW 

FPS -16 
FPO -6 

MOD IV 

PULSE 

IR 
TRACKER 

MISTRAMIiióA 
BC-4 
BC-600 
BC-1000 

TIMING 
a 

POSITION 
BALLISTIC 
CAMERA 

AUDIO R F IR VISUAL UV 

Fig. 1 - Frequency spread of tracking instrumentation. 

SOME TRENDS IN 
ADVANCED RANGE INSTRUMENTATION 

Missile and space systems have undergone spectacular development during the 

past decade. Missile range instrumentation has likewise been undergoing a 

technical revolution to keep pace with the fast changing test and evaluation 
requirements. These changes have an important influence on RCA both as 

technical operator and manufacturer of range instrumentation. Recent trends 
in metric accuracy requirements, systems configuration, propagation limitations, 

survey accuracy, error adjustment, system control, and calibration are briefly 
examined in this paper. 

DR. L. E. MERTENS, Staff Scientist 
Missile Test Project 

RCA Service Company, Patrick Air Force Base, Florida 

AWIDE 
VARIETY of instrumentation is 

employed at the missile test ranges 
to acquire, transmit, record, process and 
analyze data on missile and space flights 
as well as for a multitude of support 
tests. Major functions of the range in- 
strumentation include providing: 

1) Trajectory information for post 
flight analysis. 

2) Trajectory information in real time 
for range safety, impact predic- 
tion, and backup control and guid- 
ance functions. 

3) Missile performance information. 
4) Missile cross section or signature 

information. 
These functions are accomplished with 
many types of data gathering instru- 
mentation employing operating frequen- 
cies spanning the region from audio to 
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ultraviolet as shown in Fig. 1. Even 
within the so called electronic instru- 
mentation or radar category there is a 
wide spread of operating frequencies 
from UHF (400 Mc) through x -band 
(10,000 Mc) . A wide diversity also 
exists in the system configurations and 
operating principals such as pulse 
radar, cw interferometer, doppler radar, 
trilateration networks, etc. This situa- 
tion makes any broad generalizations as 
presented in this paper a necessary but 
nevertheless hazardous undertaking. 

Range instrumentation has been un- 
dergoing continuous improvement to 
meet increased performance require- 
ments brought about by expanded space 
missions, the need for higher accuracy 
missile guidance and the requirement 
for enhancing missile penetration prob- 
abilities. These factors have in turn 

DR. L. E. MERTENS received his BS and MS and 
Doctor of Engineering Science all in Electrical 
Engineering from Columbia University. In 1953, he 

joined RCA's Advanced Development Section ih 

Camden, working on mathematical analyses, and 

circuit design. In 1954, Dr. Mertens transferred to 
Aviation Systems Department and was responsible 
for systems analysis and planning on airborne fire 
control, missile guidance, and bombing and navi- 
gation systems. In 1957, he joined the ASD Chief 
Engineers' staff to become responsible for initial 
feasibility studies on a new approach to intercep- 
tion of satellites in orbit. In 1958 Dr. Mertens 
joined the staff of the Chief Defense Engineer and 
assumed coordination of applied research and ad- 
vanced development programs. In 1959, he trans- 
ferred to the Surface Communications Division to 
become Manager of Digital Communications Equip- 
ment Engineering. Recently, he moved to the RCA 
Service Co. as Staff Scientist at Cape Kennedy. 

Dr. Mertens is a Member of IEEE; American Ord- 
nance Association; the New York Academy of 

Sciences; Sigma Xi and Tau Beta Pi. 

necessitated expanding to global cover- 
age, extending tracking range, increas- 
ing metric accuracy, enhancing system 
resolution and multi- target capability, 
and measuring target return signal am- 
plitude (Fig. 2 ) . 

The Atlantic Missile Range (AMR) 
has met these requirements by acquiring 
certain major new instrumentation sys- 
tems such as MISTRAM, GLOTRAC, MIPIR 
radars.' and ARIS ships as well as by 
modifying existing instrumentation sys- 
tems such as the FPS -16, AZUSA and 
UDOP. Data processing has also been 
heavily involved. 

METRIC ACCURACY 

Metric accuracy has increased many 
fold in the past few years and is expected 
to increase even further in the near fu- 
ture. The need for highly accurate ve- 
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Fig. 2 - Mission requirements and resulting instrumentation requirements. 

Fig. 3- Typical multi -station 
complex using range and 
range rate solution. 

locity information is illustrated by the 
fact that a velocity error of one foot per 
second at missile burn out could result in 
a one -mile error at impact on a typical 
ballistic missile trajectory. Position er- 
rors, while important, are relatively less 
critical in most applications, since a 
one -foot error in position at burn out 
would result in only about a one -foot 
error at impact. While position errors 
per se may not be critical, it must be 
remembered that obtaining vector veloc- 
ities to a given accuracy requires obtain- 
ing position accuracies of the same order. 

Instrumentation design engineers have 
developed such excellent new data ac- 
quisition systems that major error 
sources are now, to a very large extent, 
external to the system hardware. Propa- 
gation anomalies, survey errors, and 
even the uncertainty in the true speed 

of light in vacuum are now considered 
as some of the more significant error 
sources (Table I). 

The requirement for velocity accuracy 
on the order of 1 /lo foot per second (or 
only a few parts per million) is the most 
difficult to achieve of the current metric 
requirements. 

To achieve this high accuracy in veloc- 
ity, the trend has been toward coherent 
radar systems having very long baselines 
and operating at high microwave fre- 
quencies. MISTRAM, a new cw interfer- 
ometer system, for example, employs 
x -band radiation and has baselines of 
10,000 and 100,000 feet. Even longer 
baselines are likely in the future. A tri- 
lateration type of solution (i.e., the 
GLOTRAC system) using range and range 
rate with baselines on the order of 1,000 
miles will be introduced soon (Fig. 3). 

Fig. 4 -Basic pulse and continuous 
wave radar measurements. 

a,b) range sums 

XMTR RCVR 

c) range difference 

d) arrival angle 

TABLE I- Effects of Several Error Sources 
External to the Instrumentation 

Error Source 
(External) 

Effect on Data 
(approx.) ppm 

Uncertainty in velocity 
of light in free space 
Uncorrectable refraction 
errors 
Survey 

1 

Up to 20 
1.40 
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Coherent cw radar systems measuring 
range sums (UnoP) or range differences 
(Azusa and MISTRAM) have conclusively 
proven their abilities to produce very 
smooth tracking data with very small 
random type errors (Fig. 4). Smooth 
position data is of course very desirable 
when it is differentiated to provide ve- 
locity and acceleration. Coherent sys- 
tems, however, are not without problems. 
Principal problems include resolution 
of the data ambiguities and stability of 
the baselines. By their very nature, cw 
systems are highly ambiguous so multi- 
ple frequencies and multiple baselines 
have been used to resolve these ambigui- 
ties. When atmospheric conditions vary 
over the baselines or the target trans- 
ponder characteristics vary slightly over 
the transmitted frequency range there 
will be a problem with calibration sta- 
bility and ambiguity resolution. Special 
techniques for electronic baseline sta- 
bilization and adjustment for atmos- 
pheric refraction have been developed. 
Much further research and engineering 
is required in this area if future metric 
accuracy goals are to be met. 

Many of the advantages of the cw 
coherent radar systems can also be 
achieved in coherent versions of pulse 
radars. A pulse doppler modification 
for pulse radars has been analyzed and 
proposed by RCA's Missile & Surface 
Radar Division. Coherent pulsed radars 
in a trilateration network can achieve 
required velocity accuracies as well as 
retain the backup capability of skin 
tracking in the event of beacon failure or 
absence. They can also independently 
range and angle track should other 
radars in the trilateration network fail. 

THE SURVEY PROBLEM 

The significant trend to long baseline 
and multi- station instrumentation sys- 
tems necessitates a very high degree of 
survey accuracy for the baselines, and 
between sites in a tracking complex. The 
accuracy of existing Atlantic Missile 
Range geodetic surveys varies from 
about one part in thirty thousand to bet- 
ter than one part in a million. The 
lower accuracy surveys generally are in 
the downrange areas with higher accu- 
racy surveys on the Florida mainland. 
This means, for example, that there are 
geodetic uncertainties of several tens of 
feet with respect to the Bahama Island 
area, and uncertainties of several hun- 
dreds of feet with respect to far down- 
range stations such as Ascension. While 
survey accuracy requirements vary from 
station to station and from one instru- 
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mentation to another, it is generally con- 
ceded that range survey accuracy up to 
about 1 part in 500,000 will be needed 
to calibrate future tracking systems. 

A similar situation exists in determin- 
ing the position of instrumentation ships. 
Instrumentation ship locations currently 
may be in error by as much as a mile 
or more. The more recently developed 
instrumentation ships, such as the ARIs 
ships, employing a more sophisticated 
navigation equipment are expected to 
have a navigational error on the order 
of 1,500 feet in the downrange areas. 
While this navigation accuracy is ade- 
quate for present applications, consid- 
erably better accuracies (approximately 
100 feet for relative locations) will be 
required in the future if the ships are 
to be used in high- accuracy, multi- instru- 
mentation networks. 

Extensive work is now being planned 
to improve the geodetic surveys, particu- 
larly in the downrange areas. Rocket 
and satellite observations present one of 
the best potential approaches for im- 
proving geodetic accuracy.2 The tech- 
nique is based on the use of several bal- 
listic cameras to simultaneously observe 
a vehicle -borne light. The position of one 
or more of the cameras then can be 
found through triangulation when the 
position of several of the remaining cam- 
eras are known. In this way, a high - 
precision baseline along the Florida 
mainland can be used to interconnect 
surveys of the downrange islands. Elec- 
tronic instrumentation can be used in 
place of the ballistic cameras. 

PROPAGATION PROBLEMS 

Atmospheric propagation errors repre- 
sent an important and fundamental limi- 
tation to the tracking accuracies of our 
best electronic systems. The refraction 
effects of the troposphere can and are 
being compensated for to a very large 
degree. For many years the atmosphere 
has been studied and vast amounts of 
data exist on the vertical distribution of 
the index of refraction. Ray tracing 
analysis to determine refraction effects 
is made using either averages of this 
accumulated data or using measure- 
ments near tracking time made by air- 
borne refractometers, or other meteoro- 
logical equipments. It has been found 
that a small (several percent) but sig- 
nificant error remains in these computed 
corrections. It is this error which pres- 
ently forms a fundamental limitation to 
our tracking accuracy. This limit has 
been reached in several of our new high 
accuracy electronic tracking systems 
such as MISTRAM. The magnitude of the 

refraction effects depends, of course, on 
weather and tracking geometry and is 
particularly severe at low elevation 
tracking angles (where the line of sight 
transverses considerable distance in the 
dense lower atmospheric regions) . The 
higher frequency components of the re- 
fraction errors can often be effectively 
filtered. There exists, however, a low 
frequency cyclic error on the order of 
0.1 cycle per second that is particularly 
troublesome and for which satisfactory 
compensation methods have not been 
developed. 

The ionosphere introduces tracking 
errors in addition to those previously 
discussed for the troposphere. The ion- 
ospheric errors, however, are frequency 
dependent and tend to diminish toward 
the microwave region. This factor has 
been one of the motivations toward the 
use of higher operating frequencies in 
tracking systems. At present only the 
UDOP system operating at 450 Mc ap- 
pears to be seriously affected by iono- 
spheric conditions. 

Considerable improvement in our 
understanding of propagation in the 
atmosphere and improving refraction 
corrections is urgently required if we 
are to make farther advances in track- 
ing accuracies. 

ERROR ADJUSTMENT 

The previous discussion has been prin- 
cipally concerned with the data acqui- 
sition aspects of our range systems. The 
data reduction techniques employed to 
process the tracking data, however, are 
just as important in influencing the 
overall metric accuracy. In addition to 
smoothing the data to reduce the effects 
of random or noise -like errors it is desir- 
able to determine and adjust for various 
low frequency and bias errors. This 
latter function requires considerable 
knowledge of the tracking system error 
model. When there is sufficient redun- 
dant tracking data from several systems 
with favorable geometrical aspects, the 
error model coefficients can be deter- 
mined and subsequently used to elimi- 
nate or reduce errors in the tracking 
data. An example of this process is the 
BET, or Best Estimate of Trajectory, 
employed at the Atlantic Missile Range. 
The BET uses data from pulse and cw 
Radars, as well as certain precise opti- 
cal instruments. At present the BET em- 
ploys only a simple linear error model 
for the various instrumentations systems 
in making its bias adjustments. Consid- 
erable effort is being undertaken to 
remove limitations imposed on the error 
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models and to improve accuracy of the 
error adjustment techniques. An ad- 
vanced error adjustment approach is 
currently being developed for the new 
GLOTRAC system for use in near real 
time. 

The application of error adjustment 
techniques in data processing has sev- 
eral important implications in the instru- 
mentation systems and their design. 
Most important is the fact that the sys- 
tern error models must be well known 
and must be stable over reasonable pe- 
riods of time. Contractors for future 
systems will be required to develop 
error models for their system concur- 
rently with the hardware design and 
development effort. In addition, data 
processing must be considered an inte- 
gral part of the overall system philoso- 
phy particularly due to the use of error 
adjustment. Certain applications of 
error adjustment techniques in the past 
have led to unusual and unexpected re- 
sults. The actual performance achieved 
has often been considerably less than 
originally anticipated. Understanding 
the reasons for these difficulties has been 
a major analytical effort in which the 
geometry factors, data weighing factors, 
accuracy of the error model, and non 
stationarity of the statistical processes 
must be considered. 

SIGNATURE INFORMATION 

The target's appearance to various elec- 
tronic, infrared, and optical sensors has 
become increasingly important for ob- 
vious military reasons. This so called 
signature data can be collected from 
many existing pulsed radars in their 
skin tracking mode, with only slight sys- 
tem modifications. To obtain the most 
useful signature data several specialized 
systems have been designed which gen- 
erally feature: (a) data gathering over 
a wide frequency range, (b) accurate 
amplitude calibration capability, (c) 
high speed data gathering and record- 
ing, (d) high range resolution and (e) 
multiple target capability. Shipborne 
systems have been particularly useful 
for their obvious positioning flexibility 
along critical portions of the trajectory. 

The quantity of data from signature 
systems is generally several orders of 
magnitude larger than the metric data 
alone. This has posed severe problems 
in data reduction which have only been 
partly solved at present. 

CALIBRATION 

When new instrumentation is delivered 
to the missile ranges it must undergo a 

thorough evaluation and calibration be- 
fore it can be declared operational. The 
calibration effort is required to deter- 
mine the system's accuracy, to isolate 
the sources of error, and to verify the 
error model for the system. As tracking 
systems have become more accurate, the 
problem of calibration has become cor- 
respondingly more difficult. The most 
difficult part of the problem is finding 
a suitable standard of reference with 
adequate absolute accuracy. When the 
highest accuracy obtainable is required 
to calibrate electronic systems, the At- 
lantic Missile Range uses the ballistic 
camera. The ballistic camera is, how- 
ever, currently being taxed to its limits 
by our modern electronic systems and 
hence improved standards of reference 
or new experimental techniques will be 
required when additional accuracy is 
achieved by the electronic systems. 

The use of satellites and missiles to 
assist the calibration effort has been pro- 
posed and is currently undergoing exten- 
sive systems analysis. The application 
of instrumented satellites and missiles 
for range instrumentation calibration 
can be reasonably anticipated in the next 
few years. 

CHECKOUT and COORDINATION 

All of the trends discussed indicate that 
future instrumentation systems will con- 
tinue to grow in both complexity and 
geographical dispersion. These factors 
emphasive the need for rapid and accu- 
rate system checkout, and coordination. 
For example, some of the most recent 
instrumentation systems consist of liter- 
ally hundreds of racks of electronic 
hardware. The failure of one component 
or the misalignment of one adjustment 
could degrade or completely invalidate 
the tracking data. Furthermore, con- 
siderable time and effort is currently re- 
quired to perform the various mainte- 
nance checkout and calibration proce- 
dures. The increased application of 
automatic and semi -automatic checkout 
equipment is therefore inevitable. To 
be most effective the automatic checkout 
equipment must be engineered into the 
system as it is initially conceived. 

The growing complexity and disper- 
sion of instrumentation systems coupled 
with the need for quick reaction and 
future multiple launches makes status 
monitoring, coordination and control of 
the instrumentation systems on the range 
critical factors. At present, missile 
range status is monitored and controlled 
by almost completely manual means em- 
ploying voice and teletype communica- 
tion. The evolution of this manual sys- 

tern to a semi- automatic, or automatic, 
control system is currently being ana- 
lyzed and planned. The elements and 
philosophy of such an instrumentation 
control system have many features in 
common with those of other military 
command and control systems. That is, 
there must be: 1) a set of sensors to 
measure the status and performance of 
the various instrumentation systems, 2) 
a communications network to automat- 
ically transmit this data to a control 
center, 3) data processing and display 
system to evaluate the system status, 4) 
a communication channel to transmit 
control information to the various instru- 
mentation stations, 5) and finally a set 
of displays and /or control actuators to 
implement the various commands. The 
growth from a manual system to a corn - 
pletely automatic system will be gradual 
and evolutionary in nature. Heavy re- 
quirements will be placed on strong 
systems engineering with the objective 
of reducing costs, improving reaction 
time, or increasing the overall system 
effectiveness. 

The vast quantities of data from many 
redundant tracking systems will, of 
course, tax the communication and proc- 
essing channels. Advanced work on data 
compaction and source selection must 
be continued and expanded. 

THE NEXT FIVE YEARS 

Continual improvement in metric accu- 
racy can be expected for the next few 
years. The system hardware itself will 
not be the limiting factor in most cases. 
The fundamental accuracy limits will 
be due to survey and unpredictable at- 
mospheric propagation effects. System 
configuration will move steadily toward 
longer baselines and multistation com- 
plexes using coherent RF techniques. 
Data reduction will more optimally 
process the data using error adjustment 
techniques based on system error 
models. Signature -type data will become 
increasingly important requiring meas- 
urements in many frequency ranges and 
providing vast amounts of data to be 
processed. The future will see more 
overall systems engineering to integrate 
and control the fast growing complex 
instrumentation networks. 
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EVOLUTION OF THE HIGHEST- PRECISION RADAR 
... The Story of MIPIR 
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Fig. 1- Locations of instrumentation radars around the world. 
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Missile and space programs have presented industry with the need for ever 
more accurate knowledge of the location, speed, and direction of travel of the 
vehicle. Over the years, the pulsed radar has played a primary role in this 
measurement mission. This paper tells the story of the latest and most accurate 
of these radars: the AN /FPQ -6 and its transportable companion, the 
AN /TPQ -I 8. Collectively, these radars are known as MIPIR, Missile Precision 
Instrumentation Radar. 

J. W. BORNHOLDT, Mgr. and W. J. ROSE, Mgr. 
Production Projects Development Systems Projects 

Range Systems Programs 
Missile and Surface Radar Division 

DEP, Moorestown, N. J. 

the early days of post World War I N 

II, the determination of the per- 
formance of the various missiles under 
test depended solely upon modified 
equipment originally developed prima- 
rily for anti -aircraft gun direction. 
These units, in particular the SCR 584, 
underwent modifications by each user 
to better meet his needs in the way of 
data output. By the early 1950's, the 
Government recognized that a radar 
specifically designed for instrumenta- 
tion was required, and the Bureaus of 
Aeronautics of the Navy Department 
was designated the central procurement 
agency for all the services. 

72 

LEADING UP TO MIPIR- 
THE AN /FPS -16 

Because of its experience in precision 
radar trackers for the BUMBLEBEE and 
TERRIER programs, RCA was chosen to 
develop the new radar. Early in the 
design phases of the TERRIER field 
model radar, the design was redirected 
with the result that the first true instru- 
mentation radar, the AN /FPS -16 
(XN -1) -still in service at Patrick Air 
Force Base -was finished in 1954. Late 
in 1954, BuAer and the U. S. Army 
Signal Corps sponsored two production 
prototypes of a much more elaborate 
version, the AN /FPS -16 (XN -2). 

TWIN FALLS 
VICTORY 

III FPS-IS 

AMERICAN 
MARINER 
(2)FPO -4 (F23-I6 E66.646í) 

This procurement became the fore- 
runner of a large number of production 
radars, the AN /FPS -16. This, the first 
precision, monopulse tracking radar 
developed solely for range instrumenta- 
tion uses, was so successful that over 
50 units are currently in operation all 
over the world (Fig. 1) . 

The development of this radar re- 
sulted in the most precise tracking 
radar in production in the free world, 
yet a unit requiring a minimum of 
maintenance and suitable for use over 
environments ranging from deserts to 
the very edge of tropic sea shores. In 
addition, the unit could be operated by 
one man and was designed for use in 
multiple -radar "chains." In this way, 
despite the range tracking limitations 
of one radar, precise data could be ob- 
tained from the instant of missile 
launch until the missile impact hun- 
dreds or thousands of miles away. This 
in turn would provide for range safety 
information, so critical at launch, for 
missile control prior to burn out, and 
for impact prediction and ballistic 
measurements. 

However, it wasn't long after the first 
AN /FPS -16's were operational that 
users began to determine that their 
planned needs were pressing even the 
capabilities of the AN /FPS -16. During 
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receiver and tracking beacon, and the launch com- 
puter. At RCA he became Project Engineer for the 
later development of the AN /FPS -16 (XN -I). He 

directed the conversion of this radar for use on 

the VANGUARD program, integrated it into the 

Atlantic Missile Range tracking complex, and 
served as radar consultant to the Naval Research 

Laboratory during the launching tests. He managed 
the program resulting in the AN /MPS -25, the trail - 
erized version of the production model AN /FPS -16 

radars. Upon assuming the responsibility of Project 
Leader in 1960, he was directly involved in the 
conception and development of the AN /FPQ -6 

and AN /TPQ -18. 

1958 and 1959, modifications improved 
the AN /FPS -16 in accordance with 
particular local requirements. During 
this same period, RCA engineers pro- 
posed still other improvements to the 
radar. Although these other proposals 
were well received, their implementa- 
tion was delayed while the planners 
studied the new ground radar tracking 
requirements of the dawning space age. 

By the end of 1959, however, the 
trend of actual and requested modifica- 
tions became clearer. The desire for 
longer range, more accuracy and pre- 
cision, and increased operational flexi- 
bility called for spectacular advances 
in the state of the art. On the other 
hand, the realization that such advances 
would be incorporated into radars 
carrying a heavy load of test range 
activity caused the emphasis to be 
placed on reliable, conservative, and 
evolutionary designs. 

GROWTH OF TEST RANGE 

REQUIREMENTS 

During this period of the inception of 
modifications to the AN /FPS -16, Gov- 
ernment planning engineers were at- 
tempting to predict their range require- 
ments for the years ahead. The coming 
era of satellites, manned and unmanned, 
planetary probes, and more complex 

JOHN W. BORNHOLDT, following 11/2 years with 

the Pennsylvania State University as a research 

assistant on an ionospheric physics program, joined 
RCA in 1951 as a design and development engi- 
neer. For the next three years, he worked on a VLF 

receiver, VHF automobile antennas for the New 

Jersey Turnpike, and TV station test equipment. In 

1954, he was called to duty with the U. S. Air Force. 

He returned to RCA in 1956, where he was design 
engineer responsible for the TALOS system analog 
computer. In 1957, he transferred to the Range 
Instrumentation Group as a project engineer on 

the AN /FPS -16 program. Following his promotion 
to Leader in 1959, he was selected in 1960 to attend 
the first Program for Management Development at 
Harvard University, which he successfully corn - 
pleted in December 1960. Following his return to 
RCA, Mr. Bornholdt assumed responsibility for 
Project Management for the production of the 
AN /FPQ -6 and AN /TPQ -18 (MIPIR) radars. In 

1961, he was promoted to Manager and currently 
serves as the MIPIR and instrumentation radar 
production Project Manager. 

missiles called for increased capability 
in almost every respect. At the Atlantic 
Missile Range, in particular, the re- 
quirements in early 1960 were begin- 
ning to firm up. These could be sum- 
marized as follows: 

1) Higher- performance boosters 
placed a new premium on range 
safety. Not only must the impact 
predictions become more accu- 
rate, but they must also be made 
at longer ranges. This require- 
ment, in terms of pulse radar 
characteristics, was eventually 
translated into a specification for 
tracking a target of 1- square- 
meter cross-section to a range of 
300 nautical miles with a preci- 
sion of 0.05 mils-Rms. 

2) The synchronous satellite repre- 
sented the upper limit imposed 
by charter upon AMR, and it 
required precision transponder 
tracking at ranges to at least 
22,000 nautical miles in order to 
determine accuracy of location 
and drift rates. This drift meas- 
urement plus many other in- 
stances of targets having very low 
angular rates resulted in the need 
for a tracker with extreme smooth- 
ness in its angular serves at these 
very low velocities. 

3) The intermediate stations on the 
range had to track high perform- 
ance passing targets at almost any 
altitude, and this necessity re- 
quired an instrument featuring 
very high antenna -mount angular 
velocity and acceleration capa- 
bility. 

4) The measurement of target tra- 
jectory to the accuracies desired 
meant that the basic data capa- 
bility of the AN /FPS -16 had to 
be maintained or improved. Con- 
siderable improvement over pres- 
ently existing modification kits in 
the area of dynamic lag error 
correction had to be achieved. 

5) The increased mission complexity 
expected in the years ahead pro. 
duced an operational paradox. On 
the one hand, faster reaction 
times required more automatic 
target acquisition and tracking 
features. On the other hand, the 
inability to predict future mission 
requirements with certainty called 
for more manual operational flex- 
ibility. Experience on the range 
also pointed to more reliance on 
operator judgment in situations 
where the criteria for automatic 
operation were unreliable. 

6) The requirements for each of the 
various range stations resulted in 
specifications for an instrument 
having a high degree of common 
features with those at all other 
stations. Therefore operation, 
maintenance, and logistics con- 
siderations indicated that the 
same basic radar should he used 
at any range location. 

An examination of the range safety 
requirements, the most stringent of 
those mentioned above, provides an 
insight to the type of equipment needed. 

On the same mission involving a 
single target versus time, a range safety 
radar could be expected to have to 
track both skin (reflected echo) and 
beacon (transponder). In most circum- 
stances, more than one radar would 
track the same beacon during some 
portion of the flight. In order to be 
properly received by the beacon, all 
radars must be on the same transmit- 
ting frequency with a high degree of 
assurance. While the AN/FPS -16 has a 
fixed tuned magnetron of 1 -Mw rating, 
possible frequency variations among 
magnetrons indicate the use of a tun- 
able transmitter. 

The tunable magnetron of the 
AN /FPS -16 is rated at 250 kw, and the 
standard AN /FPS -16 on the range in 
1960 had a 12 -foot antenna and a re- 
ceiver noise figure of 11 db. With this 
combination of parameters, the 
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TABLE I- Comparison of 1960 Standard 

AN /FPS -16 must have an IF signal -to- 

noise ratio of about 20 db to achieve 
0.1 -mil precision, and the lower curve 
of Fig. 2 shows that this performance 
is attained at ranges to 35 nautical 
miles when skin -tracking a 1- square- 
meter target. By increasing the antenna 
size to 32 feet and lowering the receiver 
noise figure to 8 db, a precision of 0.05 
mils can be obtained with a signal -to- 
noise ratio in the IF receiver channels 
of 10 db. By increasing the transmitted 
power to 3 Mw, the desired 300 nauti- 
cal miles can just be achieved as shown 
by the upper curve of Fig. 2. (This 
precision, limited by thermal noise, is 
a function of antenna beamwidth, 
signal -to -noise ratio, pulse repetition 
rate, and the servo bandwidth. Exam- 
inations of this and other tracking 
limitations are contained in the refer- 
ences cited in the Bibliography.') 

This oversimplified example of the 
solution to the range safety problem 
shows the kind of reasoning applied. 
Similar solutions were posed for each 
of the many test -range situations. The 
final result was a radar specification 
representing the best compromise be- 
tween requirements and previous equip- 
ment developments. Late in 1960, there- 
fore, the Government awarded a 
contract to RCA to produce the radar 
to these specifications. As nearly as 
possible, consistent with the specifica- 
tions, the radar was to utilize the 
proved designs of the AN /FPS -16 mod- 
ification program. Table I shows some 
of the more significant characteristics 
of the original AN /FPS -16 compared 
to those of the new radars, now called 
the AN /FPQ -6. 

MIPIR DESIGN BACKGROUND 

Although originally conceived as a 
series of modifications to an existing 
AN /FPS -16 radar, it quickly became 
apparent that a complete new design 
was involved. Despite this, the initial 
contract was for procurement of five 
units, with no development, preproduc- 
tion, environmental testing, or test 
model. Indeed, this order was shortly 
amended to increase the number of 
units to eight, and then to nine. This 
contract has been cited by Air Force 
officials as an excellent example of 
"concurrence" -the cutting short of all 
steps leading to eventual on -site full 
operational capability. In so doing, it 
required great engineering skill to per- 
mit paper designs to be released for 
production without incurring high costs 
for subsequent redesigns. 

Design of the radar proceeded on 
this basis from contract authorization; 
maximum use was made of ultra - 
reliable component and module designs 
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AN /FPS -16 With Present AN /FPQ -6. 

ITEM *AN /FPS -16 tAN/FPQ-6 

Frequency 

Antenna: 
gain 
size 
feed 
polarization 

beamwidth 
type 

5,400-5,900 Mc 5,400-5,900 Mc 

44 db 
12 ft 
4 -horn 
linear vertical 
(circular with 
grating) 
1.2° 
feed at focal 
point 

Transmitter: 
peak pwr tunable 250 kw, nom. 
peak pwr, fixed tuned 1.0 Mw, nom. 
pulse width 0.25,0.5,1.0 µsec 

pulse rep fret' Variable to 
1,707 pps 

average pwr, tunable 250 w 
average pwr, fixed 1.0 kw 
tuned 
output tube magnetron 

pedestal (antenna mount) 

est. total wt 18,000 lbs 
azimuth bearing ball 
servo bandwidth 5.0 cps, nom. 
(max) 
max tracking rate 750 mil /sec 
tracking precision 0.1 mil -nais 

51 db 
29 ft 
5 -horn 
linear vertical, 
circular 

0.4° 
cassegrain 

3.0 Mw, nom. 

0.25,0.5,1.0,2.4 
µget 
160 -640 ppa 

4.8 kw 

klystron 

125,000 lbs 
hydrostatic 
4.8 cps, nom. 

500 mil /sec 
0.05 mil -nais 

Receiver noise figure 11 db 8 db 

Range System: 
range mess capability 500 nmi 
max tracking rate 10,000 yd /nec 
tracking granularity 1 yd 

32,000 nmi 
20,000 yd/nec 
2 yd 

' Values common to AMR in 1960 
t Present, 1963, values. 

from the BMEWS system, and where 
applicable, the well -tried AN /FPS -16 
designs were also incorporated. But 
major design efforts were required - 
including such state of art develop- 
ments as the 20 -bit single -speed shaft 
encoders that were the only feasible 
way to reliably provide the angular 
data output precisions required. 

To get the required antenna gain, 
consistent with requirements for re- 
duced mechanical inertias (for maxi- 
mum servo bandwidth) and capability 
for both linear and circularly polar- 
ized operation, it became necessary to 
develop RCA's first production Casse- 
grainian antenna system. The 29 -foot, 
4,000 -pound parabolic reflector on this 
antenna system is the largest such 
structure with static surface tolerances 
in the order of 0.005 inches from the 

nominal curve and mechanical reso- 
nances in the region of 30 cps. 

Included in the pedestal design were 
the conflicting requirements of air 
transportability and subsequent field 
erection without degradation of preci- 
sion or accuracy, the capability of pro- 
viding better than 0.05 mil precision, a 
low -speed tracking capability of one 
revolution per week and an operating 
servo -pedestal bandwidth of 5.0 cps to 
allow for rapid acceleration of the 
mount during target tracking. The re- 
sultant antenna pedestal mount repre- 
sents the current state of the art in 
such devices -at an overall weight of 
125,000 pounds. It has been air - 
transported to Ascension Is, in the 
South Atlantic; has been shipped by 
sea to Australia and the West Indies; 
and has been trucked overland to 
Florida and subsequently reassembled 
without performance degradation. 

In order to realize the full precision 
inherent in the system, it was early 
determined that rapid, real -time correc- 
tion of the raw data outputs was re- 
quired for two types of errors, bias and 
dynamic. The former, sometimes called 
systematic, includes such items as out - 
of -level pedestal positioning, non- ortho- 
ganality of the pedestal's azimuth 
and elevation axes, shift of the radar's 
antenna beam axis with frequency and 
with antenna position. The dynamic 
correction is applied to reduce the lag 
of the pedestal pointing position behind 
the target position for moving objects. 
The decision to do the correction digi- 
tally led to the need to incorporate a 
digital processor, which in turn led to 
the use of the RCA 4101 computer. 
With this unit, the above corrections 
can be automatically programmed into 
the machine prior to a mission, and the 
data can be transmitted from the radar 
either in real time, corrected or uncor- 
rected form, merely by the radar opera- 
tor pushing a button. This became then, 
the first radar containing an integral 
general -purpose digital computer. 

The conflicting demands for both 
increased automaticity of radar opera- 
tion plus increased flexibility for the 
operator were met by the design of the 
radar operator console (Fig. 3). This 
unit features a T- shaped grouping of 
control panels, situated so that an 
operator at the left can control and 
monitor primarily ranging functions, 
the operator at the right primarily 
angle functions, while a central crew 
chief will direct them both and can 
monitor radar performance. The con- 
sole includes an RCA closed- circuit TV 

system monitor, with the associated 
camera mount on the elevation axis 
of the antenna pedestal, to allow for 
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radar boresighting and visual checking 
of close -in- targets. Among the many 
operator aids is the RCA- designed 
video integrator, used to enhance weak 
signal returns to quickly differentiate 
them from the surrounding noise in the 
display for quicker target identification 
and acquisition. A solid state switching 
network gives fast system mode 
changes, yet represents a significant 
increase in reliability over the relay 
system utilized in the AN /FPS -16 
radars. 

To meet the user's needs for trans- 
portable versions of the radar, the 
AN /TPQ -18 was developed. This radar 
is functionally identical to the 
AN /FPQ -6 building type (Fig. 4) and 
is mechanically identical except for 
mounting frames for the various racks. 
In the AN /FPQ -6 there are common 
housings of 12 racks, while in the 
AN /TPQ -18 they take the form of 
shelters, each 8 feet wide, 10 feet high, 
16 feet long. Each shelter houses a 
radar subsystem (receiver, servo, rang- 
ing, computer, etc.) and is self - 
contained to the extent of having its 
own air conditioning unit and primary - 
power input control and regulation 
systems. The commonness between the 
two types of radar has facilitated sev- 
eral contract changes in plans: one 
configuration has been rapidly changed 
into the other. 

With this general treatment in mind, 
the following sections detail the more 
important design features. 

ANTENNA 

The antenna specifications called for a 
reference (sum) pattern gain of 51 db, 
a beamwidth of 0.4 °, and close -in side - 
lobes not higher than 24 db below the 
peak of the main beam. Preliminary 
design studies pointed to the selection 
of a conventional four -horn "feed -in- 
front" and reflector, or of a Cassegrain 
approach. For the conventional feed - 
reflector configuration, a reflector of 

Fig. 3 -Front view of radar console. 

32 feet would be necessary. At the 
expense of an increase in close -in side - 
lobes, the Cassegrain would have many 
advantages: 

1) higher efficiency resulting in 
smaller size for the same gain 
and less back radiation -lower 
antenna temperature, 

2) increased possibility of accommo- 
dating several frequencies c and 
s or x bands, for example, 

3) higher mechanical resonance of 
the overall reflector- feed -hyper- 
bola assembly -important to the 
servo design goal of 5.0 cps, 

4) lower total mass of the assembly 
and closer to the elevation axis - 
also important to the servo 
design, 

5) more nearly optimum feed posi- 
tion for future very low noise 
receivers, and 

6) increased flexibility in achieving 
polarization diversity. 

Government representatives agreed that 
the many advantages outweighted the 
"multipath- tracking" disadvantage of 
the higher sidelobes: the Cassegrainian 
approach was selected. Tests of the final 
design, a 30 -inch hyperbola and 29 -foot 
reflector with five -horn feed, have shown 
that the design goals have been met or 
exceeded. 

ANTENNA MOUNT 

The antenna mount, commonly called 
the pedestal, is probably the greatest 
single contributor to the successful per- 
formance of the radar. 

The first problem was the choice of 
mount configuration. The azimuth - 
elevation (Az -EL) configuration repre- 
sented the best compromise between 
the experience of U. S. industry and 
the performance desired. Tracking of 
high performance targets near zenith 
presented a special problem to this type 
mount. However, the X -Y mount, a 
theoretically better tracker at high 
angles, was not chosen because of phys- 
ical limitations at low tracking angles 
-of equal importance in a general 
purpose instrumentation radar. During 
the proposal stages the Government 
considered the addition of a third axis 
to provide satisfactory performance at 
all elevation angles -but this mount 
could not be built within the funding 
and scheduling allocations. 

With the AZ -EL mount decided upon, 
a compromise had to be made: a very 
firm requirement for smoothest possible 
tracking at angular rates as low as 0.01 
mils /sec (roughly equivalent to one 
earth rotation per week) took prece- 
dence over the need for fastest possible 
servo response at the higher angles. 
Dynamic range considerations and 

torque requirements for precision track- 
ing in a 40 -mph wind set the upper 
velocity limit at 500 mils /sec. 

In order to limit the overall radar 
random error to 0.05 mil -BMs when 
tracking skin targets at low signal -to- 
noise ratios, the sticking and sliding 
friction components of the servo error 
are held to an absolute minimum. This is 
one of the requirements that dictated the 
use of a hydrostatic bearing7 for the 
azimuth turntable. 

Since it is impossible to design and 
cut perfect gears, tracking accuracy is 
degraded because the antenna position 
cannot be controlled to a precision 
greater than the magnitude of the drive 
gearing backlash. The hydrostatic bear- 
ing magnifies this problem since its 
lack of friction tends to cause servo 
oscillations equal to or greater than the 
backlash magnitude. Tracking accuracy 
is ensured by preloading the drive gear 
train in opposite directions, thereby 
minimizing backlash problems. 

Minimizing the servo tracking lag 
errors for targets having high angular 
accelerations and velocities requires 
that the bandwidth and open loop gain 
be as large as possible. Bandwidth and 
gain, however, are limited by the fre- 
quency at which locked -rotor resonance 
occurs. This is the frequency of the 
mass of the moving parts of the an- 
tenna coupled with the spring of the 
drive gear train when the motor rotor 
is locked. In order to extend this fre- 
quency as far as possible, two drive 
gear trains in parallel give a gear stiff- 
ness twice that of one gear train. 
Hydraulic drive motors are used since 
this application requires higher torque - 
to- inertia ratio, better dynamic re- 
sponse, and smoother slow speed 
operation than can be obtained from 
electric motors. A valve -controlled 
motor system is used rather than a 
variable -displacement pump -controlled 
motor since the dynamic response is 
better. 

Fig. 4 -AN /FPQ -6 at Patrick Air Force Base. 
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The pedestal design was further com- 

plicated by the requirement for ease of 
transportation in C -124 and C -133 air- 
craft. Individual subassemblies are 
therefore designed to breakdown into 
suitable packages for loading into these 
aircraft and to keep the package weight 
below 25,000 pounds. The design pro- 
vides for minimum system realignment 
and checkout when the pedestal is reas- 
sembled in the field. 

To measure the antenna position and 
to provide data output to the required 
precision, RCA designed a new "one - 
speed" shaft -to- digital converter 
(encoder). This encoder can provide 
shaft position measurements to a granu- 
larity of twenty binary digits, or one 
part in 1,048,576. An encoder for each 
axis (azimuth and elevation) is used. 
The direct coupling to the shaft to be 
measured eliminates inaccuracies due 
to gears, couplings, and tolerance 
build -up of mechanical parts. 

DATA PROCESSOR 

The data processing equipment of the 
radar must take the raw encoder read- 
ings in range, azimuth, and elevation 
and place these in the proper format 
for transmission to other stations on the 
range. A requirement also existed to 
correct the position data supplied by 
the pedestal encoders for antenna lags 
due to target dynamics. In the 
AN /FPS -16 radar, two independent 
special -purpose subsystems were used, 
and error correction occurred over a 

range of input signal -to -noise ratios too 
limited for the AN /FPQ -6 application. 

To accomplish error correction, the 
monopulse tracking error in each axis 
servo loop is sampled, demodulated, 
filtered, digitized, and added to the raw 
pedestal encoder readings to provide 
corrected angular position data. Some 
method must be employed to compen- 
sate for the shape of the monopulse 
error pattern with off -axis targets and 
for nonlinearities in the receiver AGC 

system. While a special -purpose corn - 
puter could again be built to provide 
the correction processing, cost, sched- 
ule, flexibility, and growth considera- 
tions favored the use of a reasonably 
fast, general -purpose instrument with 
a scientific repertoire. The RCA 4101 
was selected as being uniquely suitable 
for this application.' 

Error correction now involves digital 
processing of data resulting from pre - 
mission calibration operations to gen- 
erate and store a normalized angle 
error pattern independent of the signal - 
to -noise ratio. Subsequent real -time 
processing of target tracking and cali- 
bration data provides the capability for 
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dynamic lag -error correction for all 
possible values of input -signal strength. 
Lag error correction to an accuracy of 
better than 5% is attained. 

Having selected the computer pri- 
marily for the error correction opera- 
tion, it is now possible to combine 
functions which would otherwise re- 
quire additional special equipment. 
Therefore, the RCA 4101 also provides 
the following additional functions: 

1) readout of position data, 
2) auxiliary readout of range data, 
3) correction for pedestal out -of- 

level condition, 
4) correction for antenna droop ver- 

sus elevation angle, 
5) correction for non -orthogonality of 

azimuth and elevation axis, 
6) correction for shift of antenna 

pointing axis versus frequency, 
7) correction for atmospheric index 

of refraction, and 
8) binary to decimal conversion for 

console display. 
At present, no further exploitation of 

the inherent capabilities of the com- 
puter is included in the end -product 
equipment. However, the list of possi- 
bilities is seemingly endless- ranging 
from more sophisticated real -time sig- 
nal processing to post -flight data reduc- 
tion and "spare- time" computation of 
such items as preventive maintenance 
criteria. 

MIPIR RADAR OPERATION 

Following initial erection and testing 
of the antenna pedestals at the Moores- 
town antenna pedestal facility and 
assembly and test of the radar elec- 
tronics at Moorestown, the radars were 
shipped to various field sites for em- 
placement, installation, checkout and 
acceptance testing by the RCA Service 
Co. under Morrestown engineering cog- 
nizance. The first of these radars, 
placed in limited operation, was an 
AN /TPQ -18 on Antigua, W.I.F., used 
in support of the POLARIS Missile Pro- 
gram on July 1, 1962, only 18 months 
after the contract award date. The first 
unit accepted by the government was 
the AN /FPQ -6 located at Patrick Air 
Force Base, Florida (Fig. 4) on June 5, 
1963. Subsequently, another AN /FPQ -6 

was accepted by the Government at 
Antigua, W.I. on June 26, 1963, and 
AN /TPQ -18 number two was accepted 
at Moorestown on July 1, 1963 and is 
currently in operation at Grand Turk 
Island. At this writing, seven of the nine 
radars under contract are in the field, 
including NASA installations at Wallops 
Island, Va., and Carnarvon, Australia. 

Acceptance test data for these radars 
shows performance has in general met 

or exceeded requirements, especially 
as regards precision, which is 0.025 
mil -Rms in angle and 2 feet -Rms in 
range, while the servo bandwidth was 
slightly below specifications in early 
units (ranging from 4.2 to 5.0 cps), but 
still well above comparable units of 
equal weight. Later units have been im- 
proved, and exceed the specification of 
5.0 cps. 

FUTURE POTENTIAL 

No sooner were these radars in opera- 
tion before performance enhancements 
began to become required. The first of 
these was a c -band parametric ampli- 
fiers for the Antigua AN /TPQ -18; this 
reduced the receiver noise figure from 
8 to 4 db and thereby enhanced radar 
acquisition and trackers precision on 
small or distant targets. Subsequently, 
similar paramps were ordered for the 
Wallops Island and Australian units. 

Following difficulties in acquiring 
targets downrange with the Antigua 
AN/TPQ -18, an antenna beam broad - 
ener was developed and is being incor- 
porated in three Australian radars. The 
development broadens the antenna 
beam to 1.0° from the present 0.4° by 
introduction of energy into the error 
horns of the five -horn feed. 

With the incorporation of planned 
changes, such as pulse doppler, cooled 
paramps, digital radar designation, and 
higher transmitter power, the course of 
history of radar development is begin- 
ning to repeat again. 
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Engineering 
and Research NOTES 
BRIEF TECHNICAL PAPERS OF CURRENT INTEREST 

New Facilities for 
Printed -Wiring Masters 

Improve Quality and Lead Time 

R. TAYNTON, Missile & Surface Radar 
Division, DEP, Moorestown, N. J. 

1n iwprulcuunt program at Moorestown for the production of 
printed -wiring masters has cut costs and time. In its first year of 
operation, a former reject rate on such masters was reduced from 
30% to 0%. 

A problem with printed wiring has been the treatment of the 
artwork that is used in its production -photomasters and silk 
screen drawings produced by the drafting organization. The printed 
wiring master is used directly, as a tool, in the actual fabrication 
of the finished item. The accuracy of the finished item is almost 
entirely dependent on the accuracy of this "picture" (rather than 
the dimensions attached to it). Early in the BMSws program, a 
quality control check instituted on photomasters revealed them not 
sufficiently accurate to meet manufacturing requirements. Reject 
rates were between 30% and 40%. An investigation by the M &SR 
Printed Wiring Product Engineering unit revealed that most rejects 
could be attributed to treating the master as a drawing when it 
should have been treated as a tool. 

To solve this, drafting personnel who had some printed- wiring 
experience were selected, formed into a specialized Printed Wiring 
Drafting unit. and trained with lectures and plant and model shop 
tours, with emphasis on the drafting -manufacturing interface. A 
rigid quality control check was implemented on each master draw- 
ing to find inaccuracies detrimental to manufacturing, using light 
tables with accurate glass grids and optical measuring devices. The 
inspection was concentrated on line definition, density, width, and 
spacing, and on pad size and location. Tolerances were widened 
with a change in philosophy from an absolute to a probability 
system and a proper apportionment of the allowances between the 
master and the later manufacturing processes. 

Many rejects had been caused by improper handling of the 
masters. Although the material IEstar film) on which the master 
is made is relatively stable, the information added to it in tape and 
ink form is subject to damage. The master can pick up reproduci- 
ble dust when laying on a table. The film can he easily and per- 
manently stretched when subjected to the rolling, heated pressure 
of a print machine. The masters were subjected to even more of 
this detrimental handling in their movement in and out of manu- 
facturing plants than were normal drawings relegated to a file. 

The obvious solution to the handling problem was to immedi- 
ately convert the unstable tape and ink information to a more 
stable form through the use of direct positive photographic repro- 
duction. On a flat vacuum printing frame, the drafting executed 

Fig. 1 -R. Taynton (author, at right) and C. A. Bloom review photomasters and 
marking drawings in the stable master Ale. 

t 

black line information was transferred photographically to a direct 
positive emulsion coated on Estar sheet. The resulting transparent 
"stable master" has an acceptable resistance to abrasion and abuse 
in addition to the stability of the Estar film. The same process was 
used to create a reproduction of the circuit pattern area (tool 
transparency). Additionally, a paper reproducible of the master 
was made on the vacuum frame. 

Thus, handling damage to masters was virtually eliminated, and 
the "tool" transparency displaced the master in its travels around 
the manufacturing environments. Similarly, the paper reproducible 
replaced the master in its travels through roll type print machines. 
The master was limited to pure storage in a controlled environ- 
ment. Any changes were incorporated in the immediate storage 
area, supervised directly by the drafting unit. 

These methods have been put into wide usage and have been 
incorporated in Volume 8 of the DEP Standards. One disadvantage 
of the system is the time lapse created by sending the original to 
a commercial vendor for the vacuum frame printing. At first, draft- 
ing personnel took the tape- and -ink original to the model shop 
where it was conventionally photographed for breadboard fabrica- 
tion. Now vacuum frame cronaflex facilities are available within 
the M &SR Photographic Services Unit, which makes the whole 
process "in- house." Techniques and lighting arrangements were 
developed to provide high definition. The Photographic Services 
Unit as now produced over 1,300 masters, not only with no han- 
dling damage but with a 20% cost advantage over vendor services, 
and a 4 -hour delivery. 

On a Scheme to Increase Electrostatic 
Recording Camera Sensitivity . I. M. KRITTMAN, Astro- Electronics 

Division, DEP, Princeton, N. J. 

Conceptual descriptions of an electrostatic recording camera devel- 
oped especially for use in observation satellites were given previ- 
ously by Flutter, et al. "2 Analytical descriptions of ,the operating 
procedures and performance characteristics of the camera's record- 
ing medium, commonly called Photo -Tape, will be presented in 
future AED papers. The purpose of this Note is to discuss a pro- 
posed scheme to increase the sensitivity of Photo-Tape.' 

Briefly, the multilayered Photo -Tape converts optical input data 
into electrostatic charge patterns and stores these patterns until 
television readout is required. For these operations the tape em- 
ploys á photoconducting layer and an insulating layer, respectively. 
The sensitivity of a Photo -Tape camera is determined by its output 
signal -to -noise ratio. The latter can be approximated by cascading 
the theoretical stored -signal and readout -process signal -to -noise 
ratios. The theoretical readout -process signal -to -noise ratio in- 
creases with the signal voltage stored on the tape. But for a given 
tape and fixed light exposure, this voltage can only be increased 
at the expense of the stored -signal signal -to -noise ratio. 

The proposed scheme to increase tape sensitivity requires modi- 
fication of the present camera operating procedures, as described 
below. As a result of light exposure, a voltage pattern is stored on 
the Photo -Tape surface. In preparation for signal enhancement, 
the camera parameters are adjusted so that the average secondary- 
electron emission ratio at the tape surface will be slightly greater 
than unity. In this region near first crossover, the secondary emis- 
sion ratio of the Photo -Tape surface increases nearly linearly with 
the primary- electron energy. During the enhancement process, the 
tape surface is bombarded uniformly with primary electrons and 
all the resulting secondary electrons are collected. Local differences 
in tape secondary emission ratio result from the voltage modulation 
on the Photo -Tape surface. These produce corresponding local 
differences in the charging rate on the surface. 

The signal gain from enhancement by secondary emission can be 
as great as V,/V where Vm is the maximum allowable voltage 
across the Photo -Tape insulator and V, is the peak highlight volt- 
age across the insulator before enhancement. If V. is the insulator 
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breakdown voltage, then V,,, must be less than Vb. If V, is the 
voltage swing defining the linear range of the readout current - 
voltage characteristic, then V. must also be less than V,/ (1 - a), 
where a is the inverse input contrast ratio. For a typical Photo - 
Tape, Vb and V, are 25 and 6 volts, respectively. 

Just after exposure the highlight -to- lowlight (peak -to -peak) 
signal voltage (swing) on the Photo -Tape surface is r(1 - a) V1, 

where r is the cascaded lens -tape response at the spatial frequency 
under consideration. From above, the enhanced signal voltage can 
be as great as r (1 - a) V m. 

Because it involves secondary- electron emission, the enhancement 
process produces a noise voltage which is also stored on the tape. 
It can be shown that the root -mean -square noise voltage stored on the 
tape per highlight bit must be greater than [e(82 - S -}- 1)1T IC21 

where e is the electronic charge, C is the Photo -Tape insulator 
capacitance (per picture bit), I is the enhancement (primary) cur- 
rent, T is the total enhancement time (per picture bit), and S is the 
secondary emission ratio of a highlight area of tape at the start of 

enhancement. But the signal gain is exp (a IT /C), where a is the 
slope of the secondary emission curve near first crossover, so the 
noise voltage enhancement is greater than: 

í[e(82 -S +1) ln(Vm /V,) 
vs 

aC J 
The enhancement process signal to -noise ratio can be no greater 

than: 

SNR -r(1- a)VmVe(81 a (1) - 8 +1) In(Vm /V1) 

Consider, for example, a 6:1 input contrast ratio (a = 1/6), tape 
resolution of 500 half -cycles per centimeter (C , 2 X 10-14 farad), 
an initial broad area highlight voltage of 0.5 volt (V1= 0.5 volt) , a 

secondary emission ratio slope of 0.005 per volt (a = 5 X 10' 
volt-]) and a near -unity secondary emission ratio (S 1). Under 
these conditions, Equation 1 becomes SNR 90r and the maximum 
possible signal gain is 14.4. 

It should be noted that higher gains are possible with lower initial 
highlight voltages. Also, the enhancement process signal -to -noise 
ratio varies inversely with the square -root of the logarithm of the 
gain. Thus for V, :- 0.05 volt, SNR 66r and the maximum pos- 

sible signal gain is 144. 
For the original Photo -Tape parameters cited above, the enhance- 

ment process signal -to -noise ratio would be approximately 90 for 

broad areas (r 1). The number obtained by cascading this ratio 
with the readout -process signal -to -noise ratio for a 7.2 -volt signal 
must now be compared with the readout -process signal -to -noise ratio 
for a 0.5 -volt signal. Although discussion of the readout -process 

signal -to -noise ratio is outside the scope of this note, it is stressed 
that for all cases, this comparison must be made. 

Acknowledgement: This work was sponsored by the Aeronautical 
Systems Division of the U. S. Air Force Systems Command, Wright 
Patterson Air Force Base, Ohio, under Contract No. AF33(657 )11485. 
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Two Simple Pocket -Size Solid -State Noise Generators 
for Receiver Testing 

B. A. TREVOR, Communications Systems 
Division, DEP, Tucson, Arizona 

A broadband thermal noise generator of fixed known output pro- 

vides a convenient and quick method of measuring receiver noise 
factor. If the noise factor is normal and the receiver gain is ade- 

quate, it is highly probable that satisfactory reception will be 

obtained. 
The noise generators described here are pocket -size instruments 
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Fig. 2 -A more -accurate noise generator. 

having a flat output over the HF range of 1 to 32 Mc. They may be 

designed to have a preset output at any specified level to approxi- 
mately 30 db above the thermal level at a 50 -ohm output impedance. 
Hence, they are suitable for testing HF receivers. 

One simple form of the noise generator is shown in Fig. 1. The 
noise source is a zener diode of a suitable type. A number of types 
are suitable such as Unitrode UZ707, 7.5 volt, or Motorola IN754, 
6.8 volt. This generator will give a flat output of 20 db above thermal 
level over the frequency range of 1 to 50 Mc. Because the noise out- 
put changes somewhat with diode current, a test jack is provided 
to permit setting the test voltage to a specified value as the battery 
ages. Some diodes may change output by several db in extremes of 

temperature. Hence, the generator shown in Fig. 1 should be used 
at room temperature if greatest accuracy is desired. 

Another more complex and more accurate noise generator is 
shown in Fig. 2. In this case the zener noise diode is temperature - 
controlled by means of the thermistor R2, heater resistors R3, R4, 
and the transistor Ql. The diode, heater resistors, and the thermistor 
are enclosed in a foamed oven, one cubic inch in size on the printed 
board. The printed board, 2" x 4 ", contains all of the components 
shown in Fig. 2. This generator has a flat output of 30 db above 
thermal level over the frequency range of 1 to 32 Mc. When con- 

nected to a 50 -ohm line, the standing wave ratio is better than 1.1:1 
with the generator on or off. Output accuracy is better than ±0.5 
db over the entire frequency range and over an ambient temperature 
range of 0 to 50 °C. 

Aging tests have shown good stability up to 2,000 hours of con- 
tinuous operation. The simplicity of the devices, using solid -state 
components, is conducive to high reliability and ruggedness. 

To test a receiver it is only necessary to connect the noise gen- 

erator (turned off) to the receiver antenna input and measure 
receiver IF noise output. The generator is turned on and the increase 
in noise is measured. If the increase in noise is greater than 10 db, 
the receiver noise factor F in db is F N - I, where N is the 
generator output above thermal level in db, and / is the increase in 

noise in db. It is important that the receiver response be linear from 
input to output. 

The low power drain and small size of these generators makes 
them suitable for inclusion in the receiver to provide a self - 

checking feature. 
Acknowledgement: This development was sponsored as a sub - 

task by the U. S. Navy Electronics Laboratory under Contract 
Number N123 (953) 31016A. 

Optical Analogy for Cerenkov Radiation 
from Grazing Electron Beams 

J. M. BRUMBAUCH, Applied Research, 
DEP, Camden, N. I. 

An optical- analogy concept of the Cerenkov effect, as used in pro- 
ducing microwaves, has been found both useful and intriguing. 
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Fig. 1- Electron beam bunches generating expanding -cone wave -fronts. 

When a dielectric surface is grazed by a bunched, high -velocity 
electron beam, the microwaves radiated into the dielectric behave 
as though they are incident on the dielectric- vacuum interface from 
a distant source and are undergoing total internal reflection at the 
interface. If such reflection were indeed occurring, inhomogeneous 
fields would be traveling along the interface, in the vacuum. In- 
stead, in the absence of incident waves, similar traveling fields are 
being supplied by the moving electron bunches. Basic equations for 
total reflection and for the Cerenkov effect are quite analogous, and 
perhaps the most surprising prediction of advanced Cerenkov 
theory (microwave power approaches zero as beam velocity ap- 
proaches c, the velocity of light, in a finite path length) turns out 
to be very plausible on the heuristic basis of the total reflection 
analogy. 

The concept has thus been helpful in understanding and planning 
some aspects of beam -dielectric experiments and has stimulated 
further inquiries. Dr. L. W. Zelby' has now shown formal equiva- 
lence, under quite general conditions, of the two "types" of travel- 
ing inhomogeneous fields on the vacuum side of the interface - 
those produced by total internal reflection, and those produced by 
a bunched beam. Since no mention of the seeming equivalence of 
the two phenomena has been found in the literature until recently, 
this outline is presented to stimulate further reaction. 

An example of the parallelism follows. A small- diameter electron 
beam, considerably bunched and traveling in a vacuum through a 
long cylindrical hole in a dielectric at a velocity greater than that 
of wave propagation in the dielectric, generates fields with expand- 
ing -cone wave -fronts (phase- fronts) in the dielectric as shown in 
Fig. 1. These waves of Cerenkov radiation originate as inhomo- 
geneous waves from the beam bunches. However, they also appear 
essentially equivalent, in the vacuum (near the dielectric surface), 
to the "transinterface" or "leaky" surface waves which would ac- 
company total internal reflection of the "missing" incident conical 
waves. These traveling inhomogeneous waves, whatever their origin, 
will enter the dielectric and propagate as homogeneous waves in a 
direction determined by their surface velocity. 

Consider also the predominant Cerenkov radiation produced by 
a bunched wide -ribbon beam, grazing the surface of a semi -infinite 
dielectric, as in Fig. 2. It will look like plane waves originating from 
the bunch fields and leaving the dielectric surface as though it 
could just as well have originated from a distant plane -wave source 
and have been totally reflected at this interface. (Fig. 2 is simplified 
by omitting the interface phase differences between incident, re- 
flected and transinterface waves.) Here again, the beam bunches 
replace incident waves in supplying the evanescent fields which 
must travel in the vacuum along the dielectric surface if there 
is to be radiation going off into the dielectric. A somewhat similar 
reference to "missing incident waves" has been found in the work 
of J. Brown,' but the idea was only partially developed. 

Basic equations for the Cerenkov and reflection effects are 
impressively related. For example, the angle a between the direction 
of Cerenkov propagation and the interface is given by a = cos' 
cl vn, where y is beam velocity and n is the refractive index. For 
any particular refractive index, this angle approaches a maximum 
value of em = cos' 1 In as v approaches c. For any given index, 
the critical angle of incidence oc for the onset of total reflection is 
given by 0° = sin' 1 /n. Thus, Q. is always the complement of em, 
but both indicate the same propagating direction away from the 
interface. 

Lower beam velocities, and consequently smaller values of e, 
correspond to complementary incidence angles greater than 0° and 
thus to the range of total internal reflection, with e = (90° - 0) 
as shown in Fig. 2. If the beam velocity is postulated to equal the 
velocity of the transinterface waves of a reflection, the Cerenkov 
angle a is always equal to the complement of the analogous inci- 
dence and reflection angles, 0. From Fig. 2, the phase intercept 
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Fig. 2- Bunched wide- ribbon electron beam, grazing a semi -infinite dielectric. 

and the inhomogeneous velocity v' along the interface are v' = c/n 
sin 0 = c/n cos O. Thus the above equation is a transposition of 
the Cerenkov equation when y = y'. 

The rather unexpected prediction that the Cerenkov radiation 
from a finite length of beam path should approach zero as the beam 
velocity approaches c'' has been explained on the basis of Lorentz 
contraction of the beam fields.' However, the reflection analogy 
also gives very direct indication of this as a plausible consequence, 
by predicting that no Cerenkov radiation can be generated in an 
interaction path smaller than the optical "skip distance." For ex- 
ample, reflection theory and experiment' have shown that fields 
which penetrate the vacuum, during incidence at an angle slightly 
greater than the critical angle, become almost bound surface waves 
on the vacuum side of the interface. Energy from a particular seg- 
ment of an incident phase front then reenters the dielectric only 
after traveling a skip distance of many wavelengths along the vac- 
uum side of the interface. Meanwhile, a lateral segment of each 
incident wave has "piled up" into a relatively strong inhomogeneous 
wave across the interface, moving with the traveling locus of con- 
stant incident phase, thus forming a penetrating or quasi -bound 
surface wave. Equivalently, in the Cerenkov case, when y >>c /n 
i.e., y -* c), the Cerenkov fields, although very strong, should not 
penetrate the dielectric until they traverse an interaction path which 
is very long. 

Fig. 3 illustrates conditions at a dielectric- vacuum interface for 
a limited incident ray. The angle of incidence, Q, is sufficiently 
greater than the critical angle, 0°, to give a "skip distance" of only 
a few wavelengths, but the phase slippage predicted by reflection 
theory is still appreciable. For the skip distance, Brekhovskikhe 
derives the relation 

D 
xkn2 tan O 

4r \Asin2 0 - 1/n' 
as the simplified form, for { very near 0,, where Xt is the wave- 
length in the dielectric. As an illustration, for ß = 0.94 (1 - Mev 
electrons) and dielectric coefficient k = 100, the skip distance (min- 
imum interaction path) is 10.7 X °, where X. is free -space wave- 
length. Consequently, for centimeter -wave radiation, an inordinately 
long interaction path would be required for the above choice of 
ß and k. However, for the same value of ß, but for k - 2, the min- 
imum interaction path reduces to only 1.77 X2. 

Another related similarity which appears to exist between the 
optical and Cerenkov phenomena is the relation of inhomogeneous 
field strength to values of O in the Cerenkov case and to values of 
(90° - 0) in the optical case. As the incidence angle 0 approaches 
the critical FI,, for the optical case, there occurs a rapid increase 
in the "pile -up" of incident wave segments and in the growth of 
the transinterface wave. This is comparable to the increase (with 
similarly increasing Cerenkov angle) in the distortion of the field 
of each beam bunch, and resulting growth of field strength at the 
interface. 

Still not clearly defined is the relation of the changing phase 
difference (between incident, surface, and reflected waves) at the 
interface, as the incidence angle O varies within or /2 > 0 > 0°, 
and the changing distortion of bunch fields by the Fresnel "drag" 
of the dielectric as e varies correspondingly. 

It is noted that Cerenkov waves are unique in having a unidirec- 

Fig. 3- Conditions at a dielectric -vacuum interface for a limited incident ray. 
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tional property -in the sense that dielectric polarization in the near 
field does not reverse but pulsates in one direction (a field of AC 

+ DC) as successive waves pass a given point. However, apparently 
this does not affect the equivalences noted above. 

Acknowledgement: This material stems, in part, from a project 
sponsored by the Air Research and Development Command, RADC, 
USAF (Contract AF 30(602)2151). 
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Improved Three -Terminal 
Capacitance Measurements 

Using a Transformer -Ratio Bridge 

R. E. Hlces, Communications System Division, 
DEP, Cambridge, Ohio 

A significant improvement in accuracy and an extension of the 
measurement range of three -terminal capacitance has recently been 
accomplished by the Standards Laboratory of Cambridge Product 
Engineering through the use of a transformer -ratio bridge technique. 
Capacitance measurements to 0.0001 pf are now possible. The need 
for this range extension was made imperative by requests for 

"referee" measurements to determine vendor compatibility. Inherent 
in the range extension, one also finds a means of markedly increas- 
ing the accuracy level in the calibration of local capacitance 
standards. 

The best certifications provided by the National Bureau of Stand- 
ards for this laboratory were in the order of 300 parts -per -million 
(ppm) for two -terminal capacitors and very recently, 120 ppm for 
three -terminal capacitors. The new Cambridge primary reference, 
a three -terminal capacitor with extremely low loss and superior 
stability characteristics, is presently reported to 20 ppm. This 
capacitor exhibits a temperature coefficient in the order of 2 

ppm/ °C. Since sufficient history for an extended period of time has 
not yet been accumulated, stability characteristics are based on 

data collected by the National Bureau of Standards on similar 
capacitors over a period of one year. 

Through the use of the ratio -transformer bridge technique and 
the new 20 -ppm laboratory reference, the limit of error in direct 
reading capacitance measurements has been decreased by one 

order of magnitude. Only one link with the National Bureau of 

Standards is necessary for capacitance traceability -the 20 -ppm 
laboratory reference. 

The accuracy assigned to the measured value of a capacitor is 

also a function of the voltage ratio of the ratio -transformer used. 

To cite an example of the accuracies attainable with a ratio- trans- 
former, one such transformer in the custody of the Cambridge 
Standards Laboratory, and which was recently tested by the Na- 
tional Bureau of Standards, has a reported limit of error of less 
than 1 ppm. The stability characteristics of this same transformer 
are such that recalibration at intervals of less than three years are 
unnecessary. 

The effects of stray capacitance which appear in two -terminal 
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capacitance measurements can be reduced through the use of three - 
terminal capacitors. 

A three -terminal capacitor with its equivalent circuit is shown 
in Fig. 1. The capacitance of interest is the direct capacitance 
between points 1 and 2, the capacitance C12 in Fig. lb. Stray capaci- 
tances C and C23 in Fig. lb, comprise the capacitance from termi- 
nals 1 and 2 to the shield or case housing the capacitor. This 
capacitance must be eliminated in highly accurate measurements. 

The ratio -arms of a transformer bridge can be considered as being 
two low- impedance sources supplying voltages of a known ratio, 
and of opposite phase, applied to two completely shielded capaci- 
tors. With the use of Fig. 2 it can be shown how the effect of stray 
capacitance is eliminated from the direct capacitance. 

In Fig. 2a, if the ratio Z, /Z2 = Z3 /Z, then there will be no current 
through the detector, hence the current through Z3 and Z, must be 
of equal magnitude; therefore: E2 /E3 = Z41Z3. 

Impedance Z13 and Z1i (Fig. 2b) comprise the impedance between 
the enclosing shield and line terminals A and B. These impedances 
are in shunt with impedances Z1 and Z,, and have little effect on 
e1 and e._ provided Z, and Z2 are small compared to Z13 and Z,4, 

respectively. Impedances Zd3 and Zd, are in shunt with the detector, 
thus the only adverse effect here is a decrease in the detector 
sensitivity. If Zs and Z which are the impedances in the ratio arms 
of the transformer bridge and are made up of the connecting leads 
to the internal capacitor standards and the terminals of the capaci- 
tor under test, are made very small and are negligible compared to: 
1 /wZ13 and 1 /wZ,,, respectively, then the error in the ratio E1 /E2 
is very small and: E,1E, - Z, /Z3. 

The addition of a primary winding on the ratio -transformer to 

induce an EMF in the windings S, and S2 (Fig. 2a) has no effect on 
the bridge balance, therefore the losses associated with winding P 
can be ignored. 

The windings S, and S., (Fig. 2a), however, must be positioned 
symmetrically on the toroidal core to minimize the difference be- 
tween the self- capacitances of S, and S5. The difference between the 
open -circuit voltage ratio and the turns ratio depends on the magni- 
tude and the symmetrical distribution of the capacitance between 
turns in the secondary winding. 

By using the accurate ratios provided by a carefully designed 
ratio -transformer in a bridge arrangement with one arm fixed, and 
a ratio arm which can be varied, an unknown value of capacitance 
can be compared to a standard capacitor as shown in Fig. 3. The 
primary is not shown; it is used only to supply a voltage to the 
bridge. 

By placing C. in shunt with S, (Fig. 3) and then Cs one of the 
eight internal three -terminal standard capacitors in the bridge can 
be positioned at a tap on S, to balance the bridge. Losses associated 
with Cr are balanced with R and at null the voltage across C, is 

equal to the voltage across CA2, thus comparing the unknown directly 
with an internal standard. Provision can also be made to compare 
an unknown value of capacitance with an external standard CR, for 
range extension or detecting A C between C and C55. Switch A 

provides for two- or three -terminal measurements; it is shown in the 
three -terminal position. 

Acknowledgement: The author wishes to acknowledge the efforts 
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April 13.15, 1964: 3RD SYMP. or MICRO- 
ELECTRONICS, St. Louis Section; Chase -Park 
Plaza Hotel, St. Louis, Mo. Prog. Info.: T. F. 
Murtha, % IEEE Headquarters, Box A, 
Lenox Hill Station, N. Y. 21, N. Y. 

April 14 -16, 1964: AMERICAN POWER CONF., 
IEEE et al.; Sherman Hotel, Chicago, Ill. 
Prog. Info.: W. A. Lewis, % IEE Head- 
quarters, Box A, Lenox Hill Station, N. Y. 
21, N. Y. 

April 19 -25, 1964: INTL. CONF. AND EX- 
HIBIT ON AEROSPACE ELECTRO- TECHNOLOGY, 
IEEE et al.; Westward -Ho Hotel, Phoenix, 
Arizona. Prog. Info.: A. A. Sorenson, The 
Martin Co., J 359, Baltimore 3, Md. 

April 20 -22, 1964: FIRST SPACE CONGRESS, 
Canaveral Council of Tech. Societies; Cocoa 
Beach, Fla. Prog. Info.: W. J. Haberhern, 
Tech. Prog. Chairman, Titan III, Quality 
Systems Eng., Mail Unit E -8, Martin Co., 
Cocoa Beach, Fla. 

April 20 -24, 1964: RELIABILITY TRAINING 
COURSE, PTG.R, ASQC; Westbury Hotel, 
Toronto, Canada. Prog. Info.: L. C. Thomas, 
RCA Victor Co., Ltd., 1001 Lenoir St., Mon- 
treal 30, Que. 

April 21 -23, 1964: SPRING JOINT COMPUTER 
CONE., AFIPS (IEEE -ACM); Sheraton -Park 
Hotel, Washington, D.C. Prog. Info.: J. 
Roseman, 2312 Coleridge Dr., Silver Spring, 
Md. 

April 22-24, 1964: SOUTHWESTERN IEEE 
CONF. AND ELEC. SHOW (SWIEEECO), Re- 
gion 5; Dallas Memorial Auditorium, Dallas, 
Texas. Prog. Info.: Dr. F. E. Brooks, Ling - 

Temco, Vought Inc., Dallas 22, Texas. 

April 28 -30, 1964: 12TH NATL. RELAY 
CONF.; Oklahoma State Univ., Stillwater, 
Oklahoma. Prog. In /o.: D. D. Lingelbach, 
Assoc. Prof. Elec. Eng., Oklahoma State 
Univ., Stillwater, Oklahoma. 

April 29 -May 1, 1964: IEEE RECtoN 6 AN- 
NUAL CONF., Region 6, ISA; Salt Lake City, 
Utah. Prog. Info.: C. Clark, 719 N. 15 East, 
Logan, Utah. 

May 3 -7, 1964: 1964 SPRING MTG., Electro- 
chemical Soc.; Royal York Hotel, Toronto, 
Ontario, Canada. Prog. Info.: Society Head- 
quarters, 30 E. 42nd St., New York 17, N.Y. 

Mayo -6, 1964: PACKAGING INDUSTRY CONF., 
IEEE; Nassau Inn, Princeton, N. J. Prog. 
In /o.: E. W. Macoy, Amer. Can Co., 100 
Park Ave., New York 17, N. Y. 

May 4 -6, 1964: REGION III TECH. CONF., 
IEEE; Clearwater, Fla. Prog. In/o.: P. G. 
Hansel, Electronic Comm. Inc., 1501 -72 St., 
N., St. Petersburg, Fla. 

May 5 -6, 1964: 5TH ANN. SYMP. ON HUMAN 
FACTORS IN ELECTRONICS, PTG -HFE; San 
Diego, Calif. Prog. Info.: Dr. Mel Freitag, 
1910 Shire Dr., El Cajon, Calif. 

DATES arid DEADLINES 
PROFESSIONAL MEETINGS AND CALLS FOR PAPERS 

May 5 -7, 1964: 1964 ELECTRONIC (OMIS - 
vr ' CoNF., EIA, IEE, ASCQ; Marriott 
To Bridges Motor Hotel, Washington, 
D. C. Prog. Info.: J. Bohrer, Intl. Resistance 
Co., 401 N. Broad St., Phila. 8, Pa. 

May 6 -8, 1964: SOC. FOR EXPERIMENTAL 
STRESS ANALYSIS SPRING MTG., Hotel Utah 
and Motor Lodge, Salt Lake City, Utah. 
Prog. Info.: Dr. C. S. Barton, Papers and 
Proc. Committee, Dept. of Civil Eng. Sci- 
ence, Rm. 198ELB, Brigham Young Univ., 
Provo, Utah. 

May 11 -13, 1964: NAECON (NATL. AERO- 
SPACE ELECTRONICS CONF.), PTG.ANE, Day- 
ton Sec., AIAA; Biltmore Hotel, Dayton, 
Ohio. Prog. Info.: Y. Jacobs, 1917 Burbank 
Dr., Dayton, Ohio. 

May 19 -21, 1964: INTL. SYMP. ON MICRO- 
WAVE THEORY AND TECHNIQUES, PTG -MTT; 
IntL Hotel, Kennedy Airport, N. Y. Prog. 
Info.: Dr. L. Swern, Sperry Gyroscope Co., 
3 T 105, Great Neck, N. Y. 

June 2 -4, 1964: NATL. TELEMETERING 
CONF., IEEE- AIAAA -ASA; Biltmore Hotel, 
Los Angeles, Calif. Prog. Info.: W. S. Pope, 
North American Aviation, Downey, Calif. 

June 2 -4, 1964: INTL. SYMP. ON GLOBAL 
CoMMS. ELOBECOM VI), PTG -CS, EC, et 
al; Univ. of Penn. and Sheraton Hotel, 
Philadelphia, Pa. Prog. Info.: R. Guenther. 
RCA Comm. Systems Div., Bldg. 1 -3 -1, Cam- 
den. N. J. 

June 8 -10, 1964: SYMP. ON QUASIOPTICS, 
PIB -IEEE; Statler- Hilton, N. Y., N. Y. Prog. 
Info.: Prof. L. Felsen, PLB, 55 Johnson St., 
Brooklyn 1, N. Y. 

June 9 -11, 1964: 6TH ANN. SYMP. ON 

ELECTROMAGNETIC COMPATIBILITY, PTG - 

EMC; Los Angeles, Calif. Prog. Info.: J. A. 
Eckert, Dept. 3441/32, Northrop and Norair, 
3901 W. Broadway, Hawthorne, Calif. 

June 11 -12, 1964: 8TH ANN. PRODUCT ENG. 
AND PRODUCTION CONF., PTG -PEP; Pratt 
Institute, Brooklyn, N. Y. Prog. Info.: R. R. 
Butcher, 24 -02 42nd St., Douglaston, N. Y. 

June 15.16, 1964: CHICAGO SPRING CONF. 
ON BROADCAST AND TV RECEIVERS, PTG - 

BTR; O'Hare Inn, Des Plaines, Ill. Prog. 
Info.: J. H. Landeck, Admiral Corp., 3800 
W. Cortland, Chicago 47, 111. 

June 16, 1964: AIR AND SURFACE NAVIG. BY 

ARTIFICIAL SATELLITES, ION, PTG -ANE; 
Barbizon -Plaza, N. Y. Prog. Info.: IEEE 
Headquarters, Box A, Lenox Hill Station, 
New York 21, N. Y. 

June 23 -25, 1964: CONE. ON PRECISION 
ELECTROMAGNETIC MEASUREMENTS, IEEE; 
Boulder, Colo. Prog. Info.: C. F. Hempstead, 
Bell Tel. Labs., Murray Hills, N. J. 

June 23 -25, 1964: SAN DIEGO SYMP. FOR 

BIOMEDICAL ENG., IEEE; Ocean House, San 
Diego, Calif. Prog. Info.: D. L. Franklin, 
Scripps Clinic and Res. Found., La Jolla, 
Calif. 

June 24 -26, 1964: JOINT AUTOMATIC CON- 
TROL CONF., IEEE, ASME, AIChE, ISA; 
Stanford Univ., Stanford, Calif. Prog. Info.: 
L. Zadeh, Univ. of Calif., Berkeley, Calif. 

Calls for Papers 
June 23 -25, 1964: CoNF. oN PRECISION 
ELECTROMAGNETIC MEASUREMENTS, IEEE; 
Boulder, Colo. Deadline: Abstracts, 3/15/ 
64. To: C. F. Hempstead, Bell Tel. Labs., 
Murray Hills, N. J. 

June 23.25, 1964: SAN DIEGO SYMP. FOR 

BIOMEDICAL ENG., IEEE; Ocean House, San 
Diego, Calif. Deadline: Abstracts, 3/25/64. 
To: D. L. Franklin, Scripps Clinic and Res. 
Found., La Jolla, Calif. 

July 6 -10, 1964: INTL. CONF. ON MAGNETIC 
RECORDING, IEEE; London, England. Dead- 
line: Abstracts, 12/31/63; Manuscripts, 
3/31/64. To: Intl. Conf. on Magnetic Re- 
cording Secretariat, % The Institution of 
Electrical Engrs., Savoy Place, London, 
W. C. 2, England. 

Aug. 25 -28, 1964: 1964 WESCON SHOW AND 

IEE F: -i ooF:I GENL. MTG., IEEE; Los An- 
geles, C:dil. Deadline: Abstracts, 4 /15/64. 
To: Dr. Robert R. Bennett, Tech. Prog. 
Chairman, 1964 WESCON, Suite 1920, 3600 
Wilshire Boulevard, Los Angeles, Calif. 

Sept. 7 -11, 1964: INTL. CONF. ON MICRO- 
WAVES, CIRCUIT THEORY AND INFO. THEORY, 
IECE of Japan, et al; Tokyo, Japan. Dead- 
line: Abstract and summary, 3/31/64. To: 
Dr. Kiyoshi Morita, % IECE of Japan, 2 -8 
Fujimicho, Chiyoda -Ku, Tokyo, Japan. 

Sept. 17 -18, 1964: 12TH ANN. ENG. MAN- 
AGEMENT CONF., IEEE -ASME. et al; Pick - 
Carter Hotel, Cleveland, Ohio. For Deadline 
Info.: Dr. John Saby, Gen. Elec. Co., Nela 
Park, Cleveland, Ohio. 

Sept. 14 -16, 1964: 8TH ANN. CONVENTION 
ON MILITARY ELECTRONICS (MIL -E -CON), 
PTG -MIL; Washington- Hilton Hotel, Wash- 
ington, D. C. For Deadline Info.: IEEE 
Headquarters, Box A, Lenox Hill Station, 
N. Y., N. Y. 

Sept. 22 -24, 1964: PTG ON ANTENNAS AND 
PROPAGATION SYMP., PTG -AP; Kennedy 
Airport, L. I., N. Y. Deadline: Abstracts, 
3/2/64. To: Dr. H. Jasik, Jasik Labs., 100 
Shames Dr., Westbury, N. Y. 

Sept. 23 -24, 1964: 13TH ANN. INDUSTRIAL 
ELECTRONICS SYMP., IEEE, PTG -IECI; 
Phila., Pa. Deadline: Abstracts, approx. 
5/1/64. To: IEEE Headquarters, Box A, 
Lenox Hill Station, N. Y. 21, N. Y. 

Sept. 23 -25, 1964: 1ST INTL. CONGRESS ON 

INST. IN AEROSPACE SIMUL. FACILITIES, PTG - 
AS, AGARD ; Paris, France. For Deadline 
Info.: P. L. Clemens, ARO Inc., Arnold Air 
Force Sta., Tenn. 

Sept. 25 -26, 1964: 3RD CANADIAN SYMP. ON 

COMMUNICATIONS, IEEE; Montreal, Que. 
Canada. For Deadline Info.: A. B. Oxley, 
Canadair Ltd., Box 6087, Montreal, P.Q., 
Canada. 

Be sure deadlines are met -consult your Technical Publications Administrator or your 
Editorial Representative for the lead time necessary to obtain RCA approvals (and 
government approvals, if applicable). Remember, abstracts and manuscripts must 
be so approved BEFORE sending them to the meeting committee. 

Oct. 1964: SYMP. ON OPTICAL INFORMATION 
PROCESSING, PTG -EC, IEEE; Boston, Mass. 
For Deadline Info.: A. Vanderburgh, MIT 
Lincoln Lab. B -115, Lexington, Mass 

Oct. 6 -9, 1964: ANN. IEEE SYMP. ON SPACE 
ELECTRONICS, PTG -SET; Dunes Hotel, Las 
Vegas, Nev. For Deadline Info.: Dr. O. L. 
Tiffany, The Bendix Corp., Ann Arbor, Mich. 

Oct. 5 -7, 1964: 10TH ANN. COMMS,. SYMP., 
PTG -CS; Utica, N. Y. Deadline: Abstracts, 
approx. 6/17/64, manuscripts, approx. 
9/1/64. To: IEEE Headquarters, Box A, 
Lenox Hill Station, N. Y. 21, N. Y. 

Oct. 19 -21, 1964: NATL. ELECTRONICS 
CoNF., IEEE et al; McCormick Pl., Chi- 
cago, Ill. Deadline: Abstracts, approx. 
5/15/64, manuscripts, approx. 8/1/64. 
To: Natl. Elec. Conf., 228 N. La Salle St., 
Chicago, Ill. 

Oct. 12 -15, 1964: 19TH ANN. ISA CONF.; 
New York. Deadline: Abstracts, 3/31/64. 
To: H. Tyler Marcy, Vice President, Dev., 
Genl. Products Div., Intl. Business Machines 
Corp., White Plains, N. Y. 

Oct. 21 -23, 1964: EAST COAST CONF. ON 

AEROSPACE AND NAVIG. ELECTRONICS 
ECCANE), PTG -ANE; Baltimore, Md. 

deadline: Abstracts, approx. 6/4/64. To: 
IEEE Headquarters, Box A, Lenox Hill Sta- 
tion, N. Y., N. Y. 

Oct. 28 -30, 1964: Soc. FOR EXPERIMENTAL 
STRESS ANALYSIS ANN. MTG. AND EXPOS:. 
TION; Hotel Manager, Cleveland, Ohio. For 
Deadline Info.: SESA, 21 Bridge Square, 
Westport, Connecticut. 

Oct. 27 -29, 1964: FALL JOINT COMPUTER 
CONF., AFIPS (IEEE -ACM) ; Civic Center, 
Brooks Hall, San Francisco, Calif. Deadline: 
Abstracts, approx. 5/1/64. To: Mrs. P. 
Huggins, PO Box 55, Malibu, Calif. 

Oct. 28 -30, 1964: SYMP. ON SPACE AND 

LAB. AND 11TH ANNIVERSARY PTGNS MTG., 
PTG -NS; Phila., Pa. Fer Deadline Info.: L. 
Costrell, NBS, U. S. Dept. of Commerce, 
Wash. 25, D. C. 

Oct. 29 -30, 1964: ELECTRON DEVICES MTG., 
PTG -ED; Sheraton -Park, Washington, D. C. 
Deadline: Abstracts, approx. 8/1/64. To: 
IEEE Headquarters, Box A, Lenox Hill Sta- 
tion, N. Y., N. Y. 

Nov. 4 -6, 1964: NEREM (NORTHEAST RES. 
AND ENGINEERING MTG.), IEEE; Boston, 
Mass. Deadline: Abstracts, approx. 6/7/64. 
To: IEEE Boston Office, 313 Washington 
St., Newton 58, Mass. 

Nov. 9 -11, 1964: RADIO FALL MTG., IEEE- 
EIA ; Hotel Syracuse, Syracuse, N. Y. For 
Deadline Info.: V. M. Graham, EIA, Eng. 
Dept., II W. 42nd St., N. Y., N. Y. 

Nov. 16 -19, 1964: 17TH ANN. CONF. ON 

ENGINEERING IN MEDICINE AND BIOLOGY, 
IEEE -ISA, PTG -BME; Cleveland- Sheraton 
Hotel, Cleveland, Ohio. Deadline: Abstracts, 
approx. 8/1/64. To: Dr. Peter Frommer, 
Cincinnati 29, Ohio. 

Nov. 16 -19, 1964: 10TH CONF. ON MAGNE- 
TISM AND MAGNETIC MATLS,, IEEE -PTG- 
MTT, AIP, Paddison Hotel, Minneapolis, 
Minn. Deadline: Abstracts, approx. 
8/19/64. To: IEEE Headquarters, Box A, 
Lenox Hill Station, N. Y., N. Y. 

Dec. 3.4, 1964: 15TH ANN. VEHICULAR 
COMM. SYMP., PTG -VC; Cleveland-Shera- 
ton, Cleveland, Ohio. Deadline: Abstracts, 
approx. 8/15/64. To: R. E. Bloor, Ohio 
Bell Te. Co., 700 Prospect Ave., Cleveland, 
Ohio. 

January 12 -14, 1965: 11TH NATL. SYMP. 
ON RELIABILITY AND QUALITY CONTROL, 
Hotel Fountainbleau, Miami Beach, Fla. 
Deadline: Abstracts, 5/1/64, manuscripts, 
7/14/64. To: H, E. Reese, Burroughs Cor- 
poration, Military Systems Div., Box 305, 
Paoli, Pa. 
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ft 
A SUBJECT -AUTHOR INDEX TO RECENT RCA PAPERS 

Both published papers and verbal presentations are indexed. To obtain a published 

paper, borrow the journal from your library -or write or call the author for a reprint. 

For information on verbal presentations, write or call the author. This index is pre- 

pared from listings provided bimonthly by divisional Technical Publications Admin. 

istrators and Editorial Representatives -who should be contacted concerning errors 

or omissions (see inside back cover). Comments or suggestions on this index should 

be directed to E. R. Jennings, Asst. Editor. RCA ENGINEER, 2 -8, Camden. PC -3396. 

Editor's Note: This new Pen and Podium 
index supersedes the Pen and Podium for- 
mat used prior to the Feb. -Mar. 1964 issue 
that listed papers only by divisional source. 
At the end of 1964, a "Cumulative Index to 
1964 RCA Papers ", prepared by integrating 
the indexes that will appear in each 1964 
issue, will be available as an RCA ENGINEER 
reprint. 

SUBJECT INDEX 

Titles of papers are permuted where necessary 
to bring significant keyword(sl to the left for 
easier scanning. Authors' division appears 
parenthetically after his name. 

AMPLIFICATION 

Low -Noise Transistor UHF Amplifier -P. E. 
Kolk (ECD, Hr.): RCA Ham Tips, Nov. 
1963 

L -Band Tunnel Diode Amplifier at Low Tem- 
peratures, Investigation of -V. Stachejko 
(MSR, Mrstn.); Thesis, Univ. of Pa., Dec. 
1963 

Molecular Amplifiers and Generators-S. 
Sabisky (RCAL, Pr.): For Release to 
Industry through the Dept. of Commerce 

Video Amplifier, 320 -MC -L. C. Drew (ASD, 
Burl.): 1964 Intl Solid -State Circuits Conf., 
Univ. of Pa.; Solid State Design 

BIOMEDICAL ELECTRONICS 

Biological Engineering -V. Zworykin ( RCAL, 
Pr.): Purdue Univ., Lafayette, Ind., Nov. 
5, 1963 

CHECKOUT; MAINTENANCE 

Automatic Testing Equipment, Accuracy in- 
M. C. Kidd ( ASD, Burl.): IEEE Trans. on 
Aerospace, Aug. 1963 

Computer -Controlled Automatic Testing -E. M. 
Stockton and B. T. Joyce (ASD, Burl.): 
Seminar on Automatic Checkout Equipment 
& Techniques, Battelle Memorial Inst., 
Columbus, Ohio; Proc. 

Digital Evaluation Equipment, Self Test of- 
M. C. Kidd (ASD, Burl.): Intl. Conf. on 
Aerospace Support; IEEE Trans. on Aero- 
space 

Periodic Checkout and Associated Errors - 
W. D. Moon I ASD, Burl.): Intl. Conf. & 

Exhibit on Aerospace E]ectrotechnology; 
IEEE Trans. on Aerospace, Aug. 1963 

Test Equipment: Relationship of Undetected 
Defects, False Alarms, Test Equipment Accu- 
racy, and Specification Limits -W. Moon 
(ASD, Burl.) : Electro Technology 
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CIRCUIT THEORY 

Comments on the Quasi- Stationerity Assump- 
tion -J. Wilder I RCAL, Pr.): NEC Mtg., 
Oct. 29, 1963. I assumption in paper, "On 
Adaptive Detectors for Two -Input Systems," 
by M. Kanefsky and J. B. Thomas 

Linear Signal Stretching in a Tinto Variant - 
H. Weinstein I RCA, Pr.) : IEEE Trans. 
on Elec. Computers 

Synchronous Markov Chains, Analysis of- 
K. Kaplan IRCAL, Pr.): Thesis, Polytech- 
nic Inst. of Brooklyn 

CIRCUIT INTERCONNECTIONS; 
PACKAGING 

Rack -and -Chassis Design, A New Approach to 
-W. Blackman I CSD, Cam. I : Electro- 

mechanical Design, Dec. 1963 

COMMUNICATIONS -VOICE SYSTEMS 

Crossmodulation in Transistorized AM Auto 
Radio Receivers -J. A. Kuklis IECD, Hr.): 
IEEE /EIA Radio Fall Mtg., Rochester, 
N. Y., Nov. 11 -13, 1963. IEEE Trans. on 
Broadcast and TV Receivers, Nov. 1963 

Crosstalk Loss at Voice Frequencies Without 
Empirical Data, A Method of Estimating The 

1 I Minimum -D. G. Aviv and M. Landis 
( CSD, Cam.) : IEEE Trans. on Comms. & 
Electronics, Nov. 1963 

Radio Telephone Installation in Fiber Glass 
Auxiliaries -H. C. Lawrence (CSD, Cam.): 
Motor Boating, Nov. 1963 

UHF Receiver, Low -Noise, Using RCA Silicon 
Planar Transistors, Design of a -P. E. Kolk 
and T. J. Robe (ECD, Hr.): IEEE Vehicu- 
lar Comms. Conf., Dallas, Texas, Dec. 5 -6, 
1963 

COMMUNICATIONS COMPONENTS 

Attenuator, Automatic Gain Controlled -L. A. 
Olson (BCD, Cam.): Univ. of Pa, Thesis. 

Exciter, Solid -State Tunable, for the 4.4 to 5.0 
GC Communications Band -B. B. Bossard, 
S. J. Mehlman and A. Newton CSD, (Cam.) : 

10th E. Coast Conf. on Aerospace & Navi- 
gational Electronics, Baltimore, Oct. 21, 
1963 

Modulator Multiplexer, Miniature Magnetic - 
M. C. Kidd and A. G. Atwood (ASD, Burl.): 
Natl. Space Electronics Symp.; Proc. 

Power Tubes in Vehicular Communications 
Equipment, The Conduction Cooling of -J. W. 
Gaylord (ECD, Hr.) : IEEE Trans. on Ve. 
hicular Comma., Sept. 1963 

Solid -State Microwave Communications, The 
Complete Approach te-R. F. Privett (BCD, 
Cam.) : Signalmen's Age, Nov. 1963 

Switches, Poly -Diode Microwave -F. W. Koker 
IMSR, Mrstn.): Thesis, Univ. of Pa., Dec. 
1963 

UHF Amplifier, Low -Noise Transistor -P. E. 
Kolk OECD, Hr.): RCA Ham Tips, Nov. 
1963 

COMPUTER APPLICATIONS 

Computer in Manufacturing, Understanding 
the Role of the -J. R. Gates (ECD, Hr.) : 

Industrial Management Club of Newark and 
Vicinity, Newark, N. J., Nov. 19, 1963 

Computer Controlled Automatic Testing -E. 
M. Stockton and B. T. Joyce IASD, Burl.): 
Seminar on Automatic Checkout Equipment 
& Techniques, Battelle Memorial Inst., 
Columbus, Ohio: Proc. 

COMPUTER LOGIC 

High -Speed Compare Circuit -H. Weinstein 
IRCAL, Pr.): IEEE Trans. on Electronic 
Computers, Aug. 1963 

Neuristor Laser Computers, Feasibility of- 
W. F. Kosonocky ( RCAL, Pr.): Optical 
Processing of Information 

COMPUTER STORAGE 

Cryoelectric, Large - Capacity, Memory with 
Cavity Sensing -L. Burns, D. Christiansen, 
and R. Gange IRCAL, Pr.): AFIPS Fall 
Joint Computer Conf., Proc., Nov. 1963 

Fast Memory Technology -J. A. Rajchman 
(RCAL, Pr.): Information Processing 1962. 
Proc. of IFIP Congress 62, Munich, Aug. 
27 -Sept. 1, 1962 

Fixed, Associative Memory Using Evaporated 
Organic Diode Arrays -SI. Lewin, H. Beelitz, 
and J. Rajchman I RCAL, Pr.): AFIPS Fall 
Joint Computer Conf.; Proc., Nov. 1963 

Laminated Ferrite Memory-R. Shahbender, 
C. Wentworth, K. Li, S. Hotchkiss, and J. 
Rajchman (RCAL, Pr.): AFIPS Fall Joint 
Computer Conf.; Proc.; Nov. 1963 

Principles, State -of- the -Art, and Future of 
Computer Memories -J. Rajchman ( RCAL, 
Pr.): 1963 Fall Joint Computer Conf., Nov. 
12 -14, 1963; Proc. 

Superconductive Associative Memories -R. W. 
Ahrons IRCAL, Pr.): RCA Review, Sept. 
1963 

CONTROL; TIMING 

Ranging Counter, High Resolution -L. C. 
Drew I ASD, Burl.): Electronics, Dec. 1963 

Voltage Regulator, DC, Employing a Pulse 
Duration Modulator, Some Properties of a- 
F. C. Echols I ASD, Burl.): Thesis, Moore 
Sch. of Eke. Eng., Univ. of Pa. 

CRYOGENICS 

Memory with Cavity Sensing, Large Capacity 
Cryoelectric- -L. Burns, D. Christiansen, and 
R. Gange (RCAL, Pr.): AFIPS Fall Joint 
Computer Conf.; Proc., Nov. 1963 

Memories, Superconductive Associative -R. W. 
Ahrons (RCAL, Pr.); RCA Review, Sept. 
1963 

Ryotron -A New Cryogenic Device -R. A. 
Gange (RCAL, Pr.): Fall Joint Computer 
Conf., Las Vegas, Nev., Nov. 1, 1963; Proc. 

Superconductors at Work -E. R. Schrader 
I ECD, Hr.) : The New Scientist, Oct. 1963 

DISPLAYS 

Display Storage Tube as an Information Dis- 
play Device -R. P. Stone (ECD, Hr.): E. 
Coast Symp. of Soc. for Information Dis- 
play, Oct. 3 -4, 1963. Proc.; Oct. 1963 

ELECTROLUMINESCENCE 

Electroluminescence of ZnS:Cu, Halide Phos- 
phors, Effect of CdS on the-A. Dreeben 
I RCAL, Pr.) : J. of the Electrochemical 
Soc., Oct. 1963 

ELECTROMAGNETIC THEORY; 
PHENOMENA 

Natural Ionospheric Disturbances, an Raped- 
mental Investigation Concerning the Size of- 
P. E. Seeley and C. R. Bryan (ASD, Burl.): 
ARPA Symp. on Over- the -Horizon Detec- 
tion; Proc. 

ELECTROMAGNETISM 

Ferromagnetics Having 1st and 2nd Neighbor 
Exchange, High Temperature Heat Capacity of 
-P. Wojtowicz (RCAL, Pr.): Conf. on 
Magnetism & Magnetic Matls., Atlantic 
City, N. J., Nov. 1963 

Hall Effect at High Currents in Bismuth -T. 
Hattori IRCAL, Pr.): Conf. on High Mag- 
netic Field Effects in Solids, Univ. of Tokyo, 
Inst. for Solid State Physics, Nov. 25 -27, 
1963 

Hall Effect in the Polaren -Band Regime -L. 
Freidman (RCAL, Pr.): The Physical 
Review, Sept. 1963 

Magnetic Properties of Epsilon -Iron Nitride - 
M. Robbins and J. G. White I RCAL, Pr.): 
Conf. on Magnetism & Magnetic Matis., 
Atlantic City, N. J., Nov. 12 -15, 1963 

Parallel Field Magneteacoustic Effect, Theory 
of the -J. J. Quinn (RCAL, Pr.): Physical 
Review Ltrs., Oct. 1963 

Stress Effect in Magnetic Films -H. Pinch and 
A. Pinto IRCAL, Pr.); 9th Ann. Conf. on 
Magnetism & Magnetic Mails., Atlantic 
City, N. J., Nov. 12, 1963. To appear in J. 
App. Physics in 1964. 

ELECTROSTATIC PRINTING 

Electrostatic Printing Papers -Features for 
Performance Effectiveness -M. L. Levene 
( AppRes., Cam.): Tappi, Dec. 1963 

ELECTRO- OPTICS 

Cuprous Chloride Light Modulators-F. Ster- 
ner, D. J. Blattner, and S. F. Miniter (ECD, 
Hr.): J. of Optical Soc. of America, Dec. 
1963 

Gallium Arsenide Diodes, Junction Geometries 
to Improve Light Output from -R. B. Liebert, 
M. F. Lamorte, and L. J. West (ECD, Hr.): 
IEEE Electron Devices Mtg., Wash., D. C., 
Oct. 31 -Nov. 1, 1963 

Push -Pull Optical Modulators and Demodu- 
lators-F. Sterner (ECD, Hr.): App. Optics, 
Nov. 1963 

ENERGY CONVERSION 

Batteries and Fuel Cells, New Developments in 
--G. S. Lozier (ECD, Hr.): IEEE Susque- 
hanna Section Mtg., Nov. 5, 1963 

Batteries, High -Capacity, New Materials for 
-G. S. Lozier (ECD, Hr.): Electrochemical 
Soc. Section Mtg., N. Y. C., N. Y., Nov. 20, 
1963 

Batteries, Organic Depolarized, Carbon Blacks 
for --G. S. Lozier and J. B. Eisen (ECD, 
Hr.): Proc. of 1963 Power-Sources Conf. 

Solar Cells, GaAs, Internal Power Dissipation 
in -M. F. Lamorte (ECD, Hr.): Advanced 
Energy Conversion, Nov, 1963 

Solar Cells, Radiation Properties of GaAs and 
Si -J. J. Wysocki (RCAL, Pr.): J. of App. 
Physics, Sept. 1963 

Thermocouple Development, SI -Ge-V. Raag 
(ECD, Hr.): Proc. of 1963 Power -Sources 

Con f. 

INSTRUMENTATION; LAB EQUIPMENT 

Detectors for Visible and Ultraviolet Radiation 
-R. E. Simon (ECD, Hr.): Eastern Ana. 
lytical Sym., N. Y. C., Nov. 13, 1963 

Sine and Random Vibration in the Enviren- 
mental Test Laboratory, Problems and Con- 
siderations in Combining -A. R. Pelletier 
(ASD, Burl.): Shock & Vibration Symp., 
Wash., D. C.; Proc. 

Simple Electron Difiroction Camera for the 
Examination of Alkali Antimonide Photoelec- 
Iric Film -W. H. McCarron and R. E. Simon 
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(ECD, Hr.): 21st Ann. Diffraction Conf., 
Pittsburgh, Pa., Nov. 6-8, 1963 

LASERS 

GaAs Laser Diode Uniaxial Stress, Frequency 
Tuning -D. Meyerhofer and R. Braunstein 
(RCAL, Pr.): App. Physics Ltrs., Nov. 1963 

Injection Lasers, General Principles of -M. F. 
Lamorte (ECD, Hr.): Education & Res. 
Assoc. Lecture Series, N. Y. C., Dec. 13, 1963 

Lasers, A Progress Report-R. Pressley and 
H. Lewis (RCAL, Pr.): RESA Group, Intl. 
Nickel Co., Bayonne, N. J., Nov. 21, 1963 

Laser Range Finder -A. Lubin (ASD, Burl.): 
10th Natl. IRIS Mtg., Ft. Monmouth, N. J., 
(Tri- Service) Laser Tech. Symp., San Diego, 
Calif. 

Light Modulators, Cuprous Chloride -F. Ster- 
ner, D. J. Blattner, and S. F. Miniter (ECD, 
Hr.): J. of Optical Soc. of America, Dec. 
1963 

Neuristor Laser Computers, Feasibility of- 
W. F. Kosonocky (RCAL, Pr.): Optical 
Processing of Information. 
Push -Pull Optical Modulators and Demodula- 
tors-F. Sterzer (ECD, Hr.): App. Optics, 
Nov. 1963 

Zeeman Tuning and Internal Modulation of 
the CaF2:Dytt Laser -Z. Kiss (RCAL, Pr.) : 

App. Physics Ltrs., Nov. 1963 

MANAGEMENT; BUSINESS 

Computer In Manufacturing, Understanding 
the Role of the -J. R. Gates IECD, Hr.): 
Industrial Managmt. Club of Newark and 
Vicinity, Newark, N. J., Nov. 19, 1963 

Salary Maturity Curve Systems -R. Horch 
(RCAL, Pr.): Amer. Management Assoc., 
Dec. 9, 1963 

PLASMA 

Plasma Generated by a Hot -Anode Cesium 
Penning An -G. Swartz and L. Napoli 
(RCAL, Pr.): Mtg. of Div. of Plasma Phys. 
ics of Amer. Phys. Soc. in San Diego, Calif., 
Nov. 6-9, 1963. Bulletin of APS 

Two -Stream Plasma Instability, New Type of 
-S. Tolima and R. Hirota (RCAL, Pr.): 
J. of App. Physics, Oct. 1963 

RADAR 

Drone Vectoring and Aircraft Intercept System 
-M. Korff and B. Kaslav (MSR, Mrstn.): 
IEEE- PTGAC, Local Mtg., Phila. Oct. 15, 
1963 

L -Band Tunnel Diode Amplifier at Low Tem- 
peratures, .Investigation of -V. Stachejko 
(MSR, Mrstn.) ; Thesis, Univ. of Pa., Dec. 
1963 

Phased -Array Radar -Transmitter Applications, 
Grid -Controlled Tubes for-M. V. Hoover 
(ECD, Hr.): IEEE Lecture Series, Boston, 
Section, Wellesley, Mass., Dec. 3, 1963 

Precision Monopulse Radar, Microwave Com- 
ponents Consideration in a-F. Klawsnik 
(MSR, Mrstn.): First Conf. on Microwave 
Component Needs, Electronic Industries 
Assoc., Boston, Nov. 3, 1963 

RADIATION DETECTION 

Detectors for Visible and Ultraviolet Radiation 
R. E. ,iman (ECD, Hr.): Eastern Ana- 

lytical Symp., N. Y. C., Nov. 13, 1963 

RADIATION EFFECTS 

GaAs and Si Devices, Radiation Studies on- 
J. J. Wysocki IRCAL, Pr.): Trans. on 
Nuclear Science, Nov. 1963 

GaAs and Si Solar Cells, Radiation Properties 
of -J. J. Wysocki (RCAL, Pr.): J. of App. 
Physics, Sept. 1963 

RECORDING, AUDIO DISK 

Disk Phonograph Records -A. M. Max (Rec. 

Div., Indpls.): Natl. Electronics Conf., 
Chicago, Ill., Oct. 29, 1963; Proc. 

Tracing Distortion -Its Cause and Canadian 
in Stereodisk Recording Systems -E. Fox and 
J. G. Woodward (RCAL, Pr.): Audio Eng. 
Soc., Oct. 1963 

RECORDING, ELECTROSTATIC 

Electrostatic Signal Recording, Discussion and 
Applications of -I. M. Krittman and J. A. 
Inslee (AED, Pr.): RCA Review, Vol. 
XXIV, No. 3, Sept. 1963 

Resolution of Electrostatic Storage Targets - 
I. M. Krittman (AED, Pr.) : IEEE Trans. on 
Electron Devices, ED -10, No. 6, Nov. 1963 

RELIABILITY; QUALITY CONTROL 

Picture-Tube Improvement Through Controlled 
Environment and Ultrasonic Techniques -J. C. 
Halbrook (ECD, Hr.): IEEE Trans. on 
Product Eng. and Production, Sept. 1963 

Duality Control, Organization of -H. M. 
Gleason (ASD, Burl.): Amer. Soc. of Qual. 
ity Control, Merrimack Valley Section 

SOLID STATE DEVICES; CIRCUITRY 

Contacts. Research on Rectifying Metal -Semi- 
conductor -D. Perkins ( RCAL, Pr.) : Penn 
State Electrical Eng. Soc. Mtg., Nov. 19, 
1963 

Diodes, GaAs, Junction Geometries to Improve 
Light Output from -R. B. Liebert, M. F. 
Lamorte, and L. J. West (ECD, Hr.): IEEE 
Electron Devices Mtg., Wash., D. C., Oct. 
31 -Nov. 1, 1963 

Radiation Studies on GaAs and Si Devices - 
J. J. Wysocki (RCAL, Pr.): Trans. an 
Nuclear Science, Nov. 1963 

Resistors, Nonlinear Biasing, for Microwave 
Tunnel -Diode Oscillators-J. T. Wallmark 
and A. H. Dansky (RCAL, Pr.): IEEE 
Trans. on Microwave Theory and Tech- 
niques, July 1963 

,Tyotron -A New Cryogenic Device -R. A. 
flange (RCAL, Pr.): Fall Joint Computer 
Conf., Las Vegas, Nev., Nov. 1, 1963; Proc. 

Transistors, Field -Effect, Transfer Characteris- 
tics of -W. A. Bosenberg (ECD, Hr.): RCA 
Review, Dec. 1963 

Transistor, A 5 -Watt, S00- Megacycle -D. R. 
Carley (ECD, Hr.): IEEE Electron Devices 
Mtg., Washington, D. C., Oct. 31 -Nov. 1, 
1963 

Transistor, The Silicon Insulated -Gate Field - 
Effect -S. Holstein and F. Heiman (RCAL, 
Pr.): Proc. of the IEEE, Sept. 1963 

Transistor -Tunnel -Diode Sequential Circuits, 
High -Speed -J. J. Amodei and J. R. Burns 
(RCAL, Pr.): RCA Review, Sept. 1963 

Tunnel Diodes, High -Current, to DC -AC Invert- 
ers, Design and Application of -F. M. 
Carlson and P. Gardner I ECD, Hr.): Proc. 
of 1963 Power -Sources Conf. 

Varactors, High -Power Epitaxial Silicon -H. 
Kressel and M. A. Klein (ECD, Hr.): RCA 
Review, Dec. 1963 

SOLID STATE MATERIALS 

Antimony and Bismuth Tellurides Containing 
Selenium and Iodine, Analysis of Mixturos- 
K. L. Cheng and B. Goydish (RCAL, Pr.): 
Analytical Chemistry, Nov. 1963 

Diffusion with interstitial -Substitutional Equi- 
librium Zinc in GaAs -L. R. Weisberg and 
J. Blanc (RCAL, Pr.): The Physical 
Review, Aug. 1963 

Disordered Semiconductor Alloys at High Tem- 
peratures, Lattice Thermal Conductivity of- 
B. Abeles (RCAL, Pr.): The Physical 
Review, Sept. 1963 

Dissociation Pressures of GaAs, GaP and InP 
and the Nature of III -V Melts-D. Richman 
(RCAL, Pr.): J. of Physics, and Chemistry 
of Solids 

Elastic Constants of Single -Crystal Indium 
Arsenide -D. Gerlich (RCAL, Pr.): J. of 
App. Physics, Sept. 1963 

Electroluminescence of ZnS:Cu, Halide Phos- 
phors, Effect of CdS on the -A. Dreeben 
(RCAL, Pr.): J. of the Electrochemical 
Soc., Oct. 1963 

Electron Spin Resonance of Copper Phthalo- 
cyanine-S. E. Harrison and J. M. Assour 
(RCAL, Pr.): Low Symp. on Paramagnetic 
Resonance, 1963 

Epitaxial Deposition of Silicon and Germanium 
Layers by Chloride Reduction -B. R. Czorny 
and E. F. Cave (ECD, Hr.): RCA Review, 
Dec. 1963 

Epitaxial Deposition of Silicon by Thermal 
Decomposition of Silane-A. Mayer and S. R. 
Bhola (ECD, Hr.): RCA Review, Dec. 1963 

Epitaxial Layers of Semiconductors, The Use of 
Close Spacing in Chemical- Transport Systems 
for Growing -F. H. Nicoll (RCAL, Pr.) : 

J. of the Electrochemical Soc., Nov. 1963 

Epsilon -Iron Nitride, Magnetic Properties of 
-M. Robbins and J. G. White (RCAL, 
Pr.) : Conf. on Magnetism & Magnetic 
Matls., Atlantic City, N. J., Nov. 12 -15, 1963 

Ferrites, Electron Beam Machining of -R. 
Shahbender (RCAL, Pr.): Proc. of Natl. 
Electronic Conf., Chicago, I1L, Oct. 28 -30, 
1963 

Ferromagnetics Having 1st and 2nd Neighbor 
Exchange, High Temperature Heat Capacity of 
-P. Wojtowicz (RCAL, Pr.): Cont. on 
Magnetism & Magnetic Matis., Atlantic 
City, N. J., Nov. 1963 

Paramagnetic Resonance of Transition Metal 
Ions in Ruffle MOO -H. J. Gerritsen 
(RCAL, Pr.): Low Symp. on Paramagnetic 
Resonance, 1963 

Photoconductivity in Metal -Free Phthalocya- 
nine Crystals, Implications of the Intensity 
Dependence of-G. Heilmeier and S. Har- 
rison (RCAL, Pr.): J. of App. Physics, 
Sept. 1963 

Photovoltages in ZnS and CdS, A Comparison 
of -W. Ruppel (RCAL, Pr.): Helvetica 
Physica Acta, July 1963 

Polarization Effects in the Ultraviolet ReNK- 
tion of Crystals with Wurtzite Structure -M. 
Cardona (RCAL, Pr.): Solid State Com- 
munication 1963 

Polishing of Silicon with Anhydrous HCI -T. 
Stavish and G. A. Lang (ECD, Hr.): RCA 
Review, Dec. 1963 

Preparation, Phase -Boundary Energies, and 
Thermoelectric Properties of InSb -Sb Eutectic 
Alloys with Ordered Microstructures -W. 
Liebmann and E. Miller (RCAL, Pr.): J. of 
App. Physics, Sept. 1963 

Stimulated and Incoherent Emission in GaAs 
Diodes, Effect of Doping on Frequency of- 
G. Dousmanis, C. Mueller, and H. Nelson 
(RCAL, Pr.): App. Physics Ltrs., Oct. 1963 

Vapor -Phase Synthesis and Epitaxial Growth 
of Gallium Arsenide -N. Goldsmith and W. 
Oshinsky I ECD, Hr.): RCA Review, Dec. 
1963 

SOLID STATE MICROELECTRONICS 

Ceramic Packaging of Semiconductors and 
Sensitive Passive Elements (Particularly as it 
Relates to Micromodules), New Approaches to 
-W. H. Liederbach (Presented by A. Mo- 
rena) (ECD, Hr.): Amer. Ceramic Soc. 
Metropolitan Sec. Mtg., N. Y. C., Dec. 13, 
1963 

Multiple Semiconductor (MSPI Mivoelement 
Package -W. H. Liederbach (ECD, Hr.): 
American Ceramic Soc. Mtg., Gatlinburg, 
Tenn., Oct. 7, 1963 

Molecular Amplifiers and Generators -S. 
Sabisky (RCAL, Pr.): For Release to 
Industry Through the Dept. of Commerce 

SOLID STATE THIN FILMS 

Current Flow in Very Thin Films of AI2O3 and 
Be0-D. Meyerhofer and S. A. Ochs (RCAL, 
Pr.): J. of App. Physics, Sept. 1963 

Electron Diffraction Camera, Simple, for the 
Examination of Alkali Antimonide Photoelec- 
tric Film -W. H. McCarroll and R. E. Simon 
IECD, Hr.): 21st Ann. Diffraction Conf., 
Pittsburgh, Pa., Nov. 6-8, 1963 

Spectrophotometric Determination of Micro 
Amounts of Nickel, Iron, and Cobalt in Thin 
Films -K. L. Cheng and B. L. Goydish 
(RCAL, Pr.): Microchemical J., Aug. 1963 

Stress Effect in Magnetic Films -H. Pinch and 
A. Pinto (RCAL, Pr.): 9th Ann. Conf. on 
Magnetism & Magnetic Matis., Atlantic 
City, N. J., Nov. 12, 1963. To appear in J. 
App. Physics in 1964 

Vapor Deposition of Nb Sn -J. J. Hanak 
(RCAL, Pr.): AMIE, Vol. 19, Metallurgy 
of Advanced Electronic Materials 

SPACE COMPONENTS 

Modulator Multiplexer, Miniature Magnetic - 
M. C. Kidd and A. G. Atwood (ASD, Burl.): 
Nat'l. Space Electronics Symp.; Proc. 

Traveling -Wave Tub. for Communications 
Satellites, Design of a-P. R. Wakefield 
(ECD, Hr.) : IEEE -PTGED Metropolitan 
Area Chp. Mtg., N. Y. C., N. Y., Nov. 14, 
1963 

SPACE NAVIGATION 

LEM Ascent with Plane Change -J. M. Gwinn 
(ASD, Burl.): AIAA First Ann. Mgr., 
Wash., D. C.; Proc. 

Manned Lunar Landing, A Simple Guidance 
Law for -E. Taenzer and A. Nathan (GAEC) 
(ASD, Burl.): First Ann. ALAA Mtg., 
Wash., D. C.; Proc. 

TELEVISION BROADCASTING 

Color TV in the United States of America, A 
Summary of Practical Experience with -J. W. 
Wentworth (BCD, Cam.) : European Jour- 
nal, Dec. 1963 

TV Preset Switching System -F. R. McNicol 
(BCD, Cam.): IEEE Wash., D. C., Oct. 4, 
1963 

VHF Television Transmitter, New 25 KW High - 
Channel-H. E. Small (BCD, Cam.): Broad- 
cast News, Oct. 1963 

TELEVISION RECEIVERS 

Crossmodulation in Transistor TV Tuners -H. 
Thanos (ECD, Hr.): IEEE /EIA Radio Fall 
Mtg., Rochester, N. Y., Nov. 11 -13, 1963. 
IEEE Trans. on Broadcast & TV Receivers, 
Nov. 1963 

TUBE DESIGN; APPLICATION 

Display Storage Tube as an Information Dis- 
play Device -R. P. Stone (ECD, Hr.): E. 
Coast Symp. of Soc. for Information Dis- 
play, Oct. 3-4, 1963. Proc., Oct. 1963 

Grid -Controlled Tubes for Phased -Array 
Radar -Transmitter Applications -M. V. Hoover 
IECD, Hr.) : IEEE Lecture Series, Boston 
Section, Wellesley, Mass., Dec. 3, 1963 

Microwave Phototabes Using Transmission 
Electron Multipliers, Design and Performance 
of -D. J. Blattner, H. C. Johnson, G. A. 
Morton, J. E. Ruedy, and F. Sterzer (ECD, 
Hr.): IEEE Electron Devices Mtg., Wash., 
D. C., Oct. 31 -Nov. 1, 1963 

Photoconducting Imaging Devices with Float- 
ing Electrodes, Response of H. S. Sommers, 
Jr. (RCAL, Pr.) : J. of App. Physics, Oct. 
1963 

Picture -Tube Improvement Through Controlled 
Environment and Ultrasonic Techniques -J. C. 
Halbrook (ECD, Hr.): IEEE Trans. on 
Product Eng. and Production, Sept. 1963 

Power Tubes, Cermolox -J. M. Filipczak 
(ECD, Hr.): Livingston Radio Club, Liv- 
ingston, N. J., Nov. 15, 1963 
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Power Tubes in Vehicular Communications 
Equipment, The Conduction Cooling of -J. W. 
Gaylord IECD, Hr.): IEEE Trans. on 
Vehicular Comm., Sept. 1%3 

Traveling -Wave Tube for Communications 
Satellites, Design of a -P. R. Wakefield 
IECD, Hr.): IEEE -PTGED Metropolitan 
Area Chap. Mtg., N. Y. C., N. Y., Nov. 14, 
1963 

Traveling -Wave Tube and What It Can Do- 
E. E. Bliss I ECD, Hr. : IEEE -PTGCE 
Chapter Mtg., N. Y. C., Dec. 18, 1963 

TUBE MATERIALS; FABRICATION 

Kinescope Heaters, Use of High -Emissivity 
Coatings for -R. K. Schneider (ECD, Hr.): 
IEEE /EIA Radio Fall Mtg., Rochester, 
N. Y., Nov. 11 -13, 1963. IEEE Trans. on 
Broadcast and TV Receivers, Nov. 1963 

Cathode Sublimation Deposits in e Receiving 
Tubes, as Determined by X-Ray Spectrometric 
Scanning, The Distribution of -V. Raag, E. P. 
Bertin, and R. J. Longobucco (ECD, Hr.): 
Electron Tube Techniques, Oct. 1963 

AUTHOR INDEX 

Subject listed opposite each author's name 
indicates where complete citation to his paper 
may be found in the subject index. Where 
an author has more than one paper, his name 
is repeated for each. 

RCA VICTOR RECORD DIV. 

Max, A. M. recording, audio disk 

DEP COMMUNICATIONS SYSTEM DIV. 

Aviv, D. G. ommunications -voice systems 
Blackman, W. circuitry interconnections, 

packaging 
Bossard, B. B. communications components 
Landis, M. communications -voice systems 
Lawrence, H. C. communications, voice 

systems 
Mehlman, S. J. communications components 
Newton, A. communications components 

DEP MISSILE 8 SURFACE RADAR DIV. 

Kaslav, B. radar 
Klawsnik, F. radar 
Koker, F. W. communications components 
Korf, M. radar 
Sfachejko, V. amplification 

DEP ASTRO- ELECTRONICS DIV. 

I nslee, J. A. recording, electrostatic 
Kritfman, I. M. recording, electrostatic 
Kriffman, I. M. recording, electrostatic 

DEP APPLIED RESEARCH 

Leven., M. L. electrostatic printing 

DEP AEROSPACE SYSTEMS DIV. 

Atwood, A. G. space components 
Bryan, C. R. electromagnetic theory, 

phenomena 
Drew, L. C. amplification 
Drew, L. C. control, timing 
Echols, F. C. control, timing 
Gleason, H. M. reliability, quality control 
Gwinn, J. M. space navigation 
Joyce, B. T. checkout, maintenance 
Kidd, M. C. checkout, maintenance 
Kidd, M. C. checkout, maintenance 
Kidd, M. C. space components 
Lubin, A. lasers 
Moon, W. D. checkout, maintenance 
Moon, W. D. checkout, maintenance 
Nathan, A. space navigation 
Pelletier, A. R. instrumentation 
Seeley, P. E. electromagnetic theory, 

phenomena 
Stockton, E. M. checkout, maintenance 
Teener, E. space nagivation 

BROADCAST AND COMMUNICATIONS 
PRODUCTS DIV. 

McNichol, F. R. television broadcasting 
Olson, L. A. communications components 
Priven, R. F. communications components 

84 

Small, H. E. television broadcasting 
Wentworth, J. W. television broadcasting 

RCA LABORATORIES 

Alleles, B. solid state materials 
Ahrens, R. W. computer storage 
Amodei, J. J. solid state devices, circuitry 
Assour, J. M. solid state materials 
Beetifz, H. computer storage 
Blanc, J. solid state materials 
Braunstein, R. lasers 
Burns, J. R. solid state devices, circuitry 
Burns, L. computer storage 
Cardona, M. solid state materials 
Chang, K. L. solid state thin films 
Cheng, K. L. solid state materials 
Christiansen, D. computers storage 
Dansky, A. H. solid state devices, circuitry 
Dousmanis, G. solid state materials 
Dreeben, A. solid state materials 
Fox, E. recording, audio disk 
Freidman, I. electromagnetism 
Gange, R. computer storage 
Gerlich, D. solid state materials 
Gerrifsen, H. J. solid state materials 
Goydish, B. solid state materials 
Goydish, B. solid state thin films 
Hanak, J. J. solid state thin films 
Harrison, S. solid state materials 
Harrison, S. E. solid state materials 
Hattori, T. electromagnetism 
Heilmeier, G. solid state materials 
Heiman, F. solid state devices, circuitry 
Hisoto, R. plasmas 
Holstein, S. solid state devices, circuitry 
Horch, R. management, business 
Hotchkiss, S. computer storage 
Kaplan, K. circuit theory 
Kiss, Z. lasers 
Kosonocky, W. F. computer logic 
Lewin, M. computer storage 
Lewis, H. lasers 
Li, K. computer storage 
Liebmann, W. solid state materials 
Meyerhofer, D. solid state thin films 
Meyerhofer, D. instrumentation 
Miller, E. solid -state materials 
Mueller, C. solid state materials 
Napoli, L. plasmas 
Nelson, H. solid state materials 
Nicoll, F. H. solid state materials 
Ochs, S. A. solid state thin films 
Porkies, D. solid state devices, circuitry 
Pinch, H. electromagnetism 
Pinch, H. solid state thin films 
Pinto, A. solid state thin films 
Pressley, R. lasers 
Guinn, J. J. electromagnetism 
Rajchman, J. A. computer storage 
Rajchman, J. A. computer storage 
Rajchman, J. A. computer storage 
Rajchman, J. A. computer storage 
Richman, D. solid state materials 
Robbins, M. solid state materials 
Ruppel, W. solid state materials 
Sabisky, S. amplification 
Shahbender, R. solid state materials 
Shahbender, R. computer storage 
Sommers, H. S. Jr. tube design, application 
Swartz, G. plasmas 
Tosima, S. plasmas 
Wallmark, J. T. solid state devices, circuitry 
Weinstein, H. circuit theory 
Weinstein, H. computer logic 
Weisberg, L. R. solid state materials 
White, J. G. solid state materials 
Wilder, J. circuit theory 
Wojtowicz, P. electromagnetism 
Woodward, J. G. recording, audio disk 
Wysocki, J. J. radiation effects 
Wysocki, J. J. energy conversion 
Zworykin, V. biomedical electronics 

ELECTRONIC COMPONENTS 
AND DEVICES 

Berlin, E. P. tube materials, fabrication 
Bhola, S. R. solid state materials 
Manner, D. J. electro- optics 
Blattner, D. J. tube design, application 
Bliss, E. E. tube design, application 
Besenberg, W. A. solid state devices, crcuitry 
Carley, D. R. solid state devices, circuitry 
Carlson, F. M. solid state devices, circuitry 
Cave, E. F. solid state materials 
Czerny, B. R. solid state materials 
Eisen, J. B. energy conversion 
Filipczak, J. M. tube design, application 
Gardner, P. solid state devices, circuitry 
Gatas, J. R. management, business 
Gaylord, J. W. tube design, application 
Goldsmith, N. solid state materials 
Holbrook, J. C. tube design, application 
Hoover, M. V. tube design, application 
Johnson, H. C. tube design, application 
Klein, M. A. solid state devices, circuitry 
Kalk, P. E. amplification 
Kalk, P. E. communications components 
Kolk, P. E. communications -voice systems 
Kressel, H. solid state devices, circuitry 

Patents Granted 

*RCA 
ENGINEERS 

As REPORTED BY RCA DOMESTIC 
PATENTS, PRINCETON 

ELECTRONIC COMPONENTS AND 
DEVICES 

3,110,955 -Apparatus for Loading Electron 
Tube Elements Into a Brazing Jig, Nov. 19, 
1963; R. H. Redel 
3,110,956 -Jig Loading Apparatus, Nov. 19, 
1963; A. Fischer, Jr. 
3,110,984 -Apparatus for Beveling the Edges 
of Ceramic Disks, Nov. 19, 1963; L. J. Capra - 
rola 
3,111,231 -Article Handling Apparatus, Nov. 
19, 1963; H. W. Baer 
3,114,072 -Electrostatically Focused Travel- 
ing Wave Tubes, Dec. 10, 1963; E. F. Belo - 
houbek 
3,114,663 -Method of Providing Semicon- 
ductor Wafers with Protective and Masking 
Coatings, Dec. 17, 1963; J. Klerer 
3,115,732 -Apparatus for Processing Cath- 
ode Ray Tubes, Dec. 31, 1963; J. F. Stewart 
3,118,662 -Sealing Fixture for Glass Bulbs, 
Jan. 21, 1964; G. L. Fassett and R. W. Cox 
3,119,043 -Electron Discharge Device, Jan. 
21, 1964; K. N. Karol 
3,119,045 -Electron Beam Tube with Longi- 
tudinally Partitioned Drift Tube, Jan, 21, 1964; 
F. G. Hammersand and R. T. Schumacher. 

DEFENSE ELECTRONIC PRODUCTS 

3,111,252 -Tape Drive Mechanism, Nov. 19, 
1963; M. L. Levene 
3,115,076 --- Communication Printer, Dec. 24, 
1963; M. L. Levene 
3,115,585 -Logic Circuit with Inductive Self - 
Resetting of Negative Resistance Diode Oper- 
ating State, Dec. 24, 1963; H. Ditkofsky and 
A. Feller 
3,115,592 -Method and Circuit for Compen- 
sating for Non -Uniformities in Display Storage 
Tubes, Dec. 24, 1963; H. M. Scott and C. E. 
Reeder 
3,118,055 - Electronic Digital Information 
Handling System with Character Recognition 
for Controlling Information Flow, Jan. 14, 
1964; L. S. Bensky 
3,118,582 -Tape Control Apparatus, Jan. 21, 
1964; E. J. Rapoza 
3,118,980 -Supports for Electrical Apparatus, 
Jan. 21, 1964; R. E. Hamson 
3,119,901 -Pulse Signal Demodulator, Jan. 
28, 1964; C. V. Bell and J. R. Twinam 

RCA LABORATORIES 

3,111,603 -Television Deflection Circuit, Nov. 
19, 1963; T. G. Marshall, Jr. and G. C. 
Seright 
3,112,454- Negative Conductance Amplifier, 
Nov. 26, 1963; R. Steinhoff 
3,114,004 -Radio Signal Receivers, Dec. 10, 
1963; J. O. Schroeder 
3,114,047 -Decoder Circuits, Dec. 10, 1963; 
H. Kihn and W. E. Barnette 
3,114,795 -Color Television Receiver with 
Penetration Color Tube, Dec. 17, 1963; W. H. 
Moles 
3,114,867- Unipolar Transistors and Assem- 
blies Therefor, Dec. 17, 1963; M. E. Szekely 
3,117,269 -Battery Charging Circuits, Jan. 7, 
1964; L. Pensak 

3,117,308 -Control Systems, Jan. 7, 1964; 
I. H. Sublette 
3,117,884 -Electrostatic Printing Process and 
Apparatus, Jan. 14, 1964; H. G. Craig 
3,118,071 -Electrical Circuits Employing Im- 
pact Ionization Devices, Jan. 14, 1964; G. B. 
Herzog and M. C. Steele 
3,118,977-Multi-groove Stereophonic Sound 
Recording and Reproducing System, Jan. 21, 
1964; H. F. Olson 
3,119,030 -Transmission Line Gating Means 
for Preventing Spurious Pulses from Feeding 
Back from Output to Input, Jan. 21, 1964; 
C. M. Wine 
3,1 19,056- Regulated Transistor Oscillator, 
Jan. 21, 1964; F. L. Hatke and G. W. Gray 
3,119,059 - Thermionic Converter Circuits, 
Jan. 21, 1964; W. B. Hall and K. G. Hem 
gvist 
3,119,072 -Rectifying Circuits, Jan. 21, 1964; 
H. S. Sommers, Jr. 
3,119,074- Traveling Wave Semiconductors 
Amplifier and Converter, Jan. 21, 1964; K. K. 
N. 
3,119Ch,07ang 9 -Variable- capacitance Diode Bal- 
anced Modulator, Jan. 21, 1964 ; E. O. Keiser 
3,119,899 -Multiplex Systems, Jan. 28, 1964; 
G. C. Sziklai 
3,119,935- Network Employing Reset Means 
for Bistable Operating Gating C:rcuils, Jan. 
28, 1964; A. G. Samusenko 

BROADCAST AND COMMUNICATIONS 
PRODUCTS 

3,113,206 -Binary Adder, Dec. 3, 1963; A. 
Havel 
3,1 14,846- Self -Reserving Tunnel Diode -Tran- 
sistor Hybrid Pulse Circuit, Dec. 17, 1963; 
A. I. Pressman 
3,115,586 -Holding Circuit Allowing Pulse to 
be Gated for Predetermined Time Set by 
Charging Circuit, Dec. 24, 1963; G. A. Lucchi 

ELECTRONIC DATA PROCESSING 

3,113,237 -Adjustable Voltage Supply, Dec. 
3, 1963; J. C. Schopp and L. E. Annus 
3,114,794 -Color Television Receiver Control 
Apparatus, Dec. 17, 1963; A. J. Torre and 
J. Stark, Jr. 
3,114,796 -Color Kinescope Set-up Proce- 
dures for Color Television Receivers, Dec. 17, 
1963; A. J. Torre and J. Stark, Jr. 
3,114,858 -Electron Beam Convergence Ap- 
paratus, Dec. 17, 1963; J. C. Schopp 
3,115,584- Self -Resorting Negative Resist- 
ance Diode Inverter Circuit, Dec. 24, 1963; 
F. C. Yao 
3,115,585 -Logic Circuit with Inductive Self - 
Resetting of Negative Resistance Diode Oper- 
ating State, A. Feller and H. Ditkofsky 
3,119,936 -Pulse Regenerator with Negative 
Resistance Diode Biased in High -Voltage by 
Inductor and Constant- Voltage Source, Jan. 
28, 1964; R. H. Bergman 
3,119,937 - Two -Diode Monostable Circuit, 
Jan. 28, 1964; R. H. Bergman 
3,119,985 -Tunnel Diode Switch Circuits for 
Memories, Jan. 28, 1964; M. M. Kaufman 

HOME INSTRUMENTS 

3,114,794 -Color Television Receiver Control 
Apparatus, Dec. 17, 1963; J. Stark, Jr. and 
A. J. Torre 
3,114,796 -Color Ki pe Set -up Proce- 
dures for Color Television Receivers, Dec. 17, 
1963; J. Stark, Jr. and A. J. Torre 
3,118,972 - Acoustic Apparatus, Jan. 21, 
1964; S, Walczak 

RCA INTERNATIONAL 

3,114,889- Desired Frequency- Coupling Cir- 
cuit Having Undesired Frequency Cancellation 
Trop Located at Voltage Null Point for Desired 
Frequency, Dec. 17, 1963; J. Avins 

NATIONAL BROADCASTING COMPANY 

3,118,971 -Apparatus for Recording Images, 
January 21, 1964; R. E. Lovell 

Kuklis, J. A. communications -voice systems 
Lamorte, M. F. lasers 
Lamorte, M. F. energy conversion 
Lamorte, M. F. solid state devices, circuitry 
Lang, G. A. solid state materials 
Liebert, R. B. solid state devices, circuitry 
Liederbach, W. H. solid state microelectronics 
Longobucco, R. J. tube materials, fabrication 
Lazier, G. S. energy conversion 
Lazier, G. S. energy conversion 
Lazier, G. S. energy conversion 
Mayer, A. solid state materials 
McCarroll, W. H. instrumentation 
Morton, G. A. tube design, application 
Minifer, S. F. electro- optics 
Oshinsky, W. solid state materials 

Reath V. tube materials, fabrication 
Raag, V. energy conversion 
Robe, T. J. communications -voice systems 
Ruedy, J. E. tube design, application 
Schneider, R. K. tube materials, fabrication 
Schrader, E. R. cryogenics 
Simon, R. E. instrumentation 
Simon. R. E. radiation detection 
Slavish, T. solid state materials 
Starter, F. electro- optics 
Sterner, F. lasers 
Sterner, F. tube design, application 
Stone, R. P. tube design, application 
Thanes, H. television receivers 
Wakefield, P. R. tube design, application 
West, L. J. solid state devices, circuitry 

www.americanradiohistory.com

www.americanradiohistory.com


Engineering NEWS and HIGHLIGHTS 

1963 WAS 2nd CONSECUTIVE YEAR OF PEAK RCA SALES AND PROFITS 

RCA 1963 sales and profits achieved all - 
time highs for second consecutive year. Sub- 
ject to final audit, RCA's 1963 sales will be 
approximately $1.78 billion, with operating 
profit after taxes approximating $65 million. 
Profits from operations in 1963 increased 
25 %, and gross income increased 2% over 
1962. Earnings per common share for the 
year will be $3.55 to $3.60, compared with 
the 1962 figure of $2.84. 

RCA has now had eleven consecutive 
quarters of increased profitability over the 
same periods of the previous years, and the 
final quarter of 1963 was the single best 
profit quarter in the 44 -year history of the 
company. 

Three principal products and service areas 
provided a decisive impetus to growth for 
RCA in 1963: 

1) Color television, in which profits from 
sales of color apparatus and related color 
services increased by 70% over 1962, with 
color accounting for a major share of the 
record earnings from all RCA consumer 
product sales. 

2) Broadcasting, in which NBC earned 
substantially greater profits than in its pre- 
vious record earnings year of 1962. 

3) Electronic Data Processing, in which 
RCA's revenue from sale and lease of 
standard computers and peripheral equip- 
ment in the U.S. and abroad increased by 

STERZER, BLATTNER, JOHNSON, AND 
MINITER HONORED FOR 
"OUTSTANDING PAPER" 

In a recent announcement by the Interna- 
tional Solid -State Circuit Conference, Uni- 
versity of Pennsylvania, four members of 
the ECD technical staff were honored for 
their outstanding paper presentation at the 
1963 Conference. The citation is to F. Ster- 
zer, D. J. Blattner, H. C. Johnson, and 
S. Miniter for their paper entitled "Cuprous 
Chloride Light _Modulators." At a special 
ceremony on February 19 at the University 
of Pennsylvania, the authors received a 
Conference Plaque with the citation "An 
imaginative contribution to light modula- 
tion."-H. Wolkstein 

DR. OLSON RECEIVES THE 
JOHN ERICSSON AWARD 

Dr. Harry F. Olson, Director of the Acous- 
tical and Electromechanical Research Lab- 
oratory of the RCA Laboratories was 
awarded the John Ericsson Medal of the 
American Society of Swedish Engineers at 
the Annual Banquet of the Society on Feb- 
ruary 8, 1964 in New York, New York. The 
medal is presented every second year and 
alternately to a Swedish citizen or an Amer- 
ican citizen of Swedish extraction in recog- 
nition of outstanding achievement in the 
technical or scientific fields. He was 
awarded the medal for "outstanding and 
valuable scientific contributions in the field 
of acoustics." Dr. Olson joined RCA in 
1928, and holds more than 90 U.S. Patents 
on devices and systems in the acoustical 
field and is the author of more than 100 
papers and the books. 

DR. ENGSTROM RECEIVES SWEDISH - 
AMERICAN OF THE YEAR AWARD 

Dr. Elmer W. Engstrom, RCA President, 
was recently the recipient of the 1963 
Swedish -American of the Year Award from 
the Vasa Order. The award, given each year 
for the past four years to a person born in 
the United States of Swedish ancestry, is 
presented for important contributions to the 
cultural relations between the United States 
and Sweden. (The recipient in 1962 was 
Dr. Glenn Seaborg, Chairman of the Atomic 
Energy Commission.) The award, in the 
form of a gold plaque, was presented at 
Skansen, an outdoor museum in Stockholm, 
in a ceremony attended by several thousand 
persons. 

DEL ROCCILI, HERSEY, AND KRAGER 
CITED FOR PACKAGING ACHIEVEMENTS 

Two RCA Packaging Design Engineers won 
prizes at the 15th National Championship 
Packaging and Handling Competition spon- 
sored by the Society of Packaging and 
Handling Engineers. 

Albert Del Roccili, Broadcast and Corn - 
munications Products Division, Camden, 
received first prize ($100 bond plus trophy) 
for a package featuring the use of moulded 
rubberized hair to cushion a delicate elec- 
tron gun. In addition to providing a safer 
pack, the new design is easier to handle and 
lower in cost. 

Rodney E. Hersey, DEP Communications 
Systems Division, Cambridge, Ohio, was 
given a second prize ($50 bond plus trophy) 
for a military package for a MINUTEMAN 
drawer assembly. The five -piece rack re- 
placed one that used 19 pieces, with overall 
savings computed at 35 %. Also, the new 
package is reusable. 

In addition, J. L. Krager, DEP Central 
Engineering, Camden, was cited in letters 
to RCA by Admiral O. P. Lattu, of the Navy 
Bureau of Supplies and Accounts, and by 
R. E. Beach, President of the National Se- 
curity Industrial Association, for Mr. 
Krager's contributions to a Navy workshop 
seminar on the packaging and handling of 
critical parts. I. Gillespie. 

SIX -MONTH TRAINING COURSE ON 
TRANSISTOR FUNDAMENTALS AT 

RCA LABORATORIES 

Twenty -four men at the David Sarnoff Cen- 
ter have enrolled in a six -month Semicon- 
ductor- Transistor course developed in con- 
junction with the RCA Institutes, Inc. This 
training class, taught by Richard Quinn of 
RCA Laboratories, meets in weekly two - 
hour sessions to study basic principles and 
applications of semiconductor devices. 

-C. W. Sall 

CABINET PLANT EXPANDS 

The RCA Victor Home Intruments Division 
has announced an expansion program well 
in excess of $1 million for its Monticello, 
Indiana, plant which supplies cabinets for 
television receivers and Victrola phono- 
graphs. Upon completion of the construc- 
tion, the Monticello plant will be one of the 
largest producers of television and phono- 
graph cabinets in the world. 

more than 50% in 1963, and in which RCA 
holds firmly to its projected crossover into 
profitability in the fourth quarter of 1964. 

A decline of about 10% in the company's 
defense business during 1963 was more than 
offset by commercial and industrial gains. 
RCA earned, after taxes, less than 2% 
profit on its military and space business for 
the full year. While the company continues 
to contribute importantly to the nation's 
defense and space programs, it derives from 
them only a small percentage of its total 
earnings. 

RCA Victor Home Instruments achieved 
a record 15% sales increase over the previ- 
ous high of 1962, and dollar volume in TV 
set sales was the highest of any year in 
RCA history. 

With RCA still the only company pro- 
ducing color tubes in large quantity, pro- 
duction in 1963 continued on a three- shift- 
per -day, six -day -a -week basis throughout the 
year, and action was taken to increase color 
tube production in 1964. NBC's color pro- 
gramming, was approximately 2,200 hours, 
including 70% of its total nighttime 
schedule. 

RCA Communications, Inc., again led all 
other U.S. international telegraph carriers 
in traffic volume and revenue, with sales 
rising 9% over the 1962 record. The RCA 
Service Company also achieved peak profits 
for the year. 

In the nation's consumer market, it is 
predicted that the most vigorous single 
growth product in 1964 will be color tele- 
vision. Color set sales for 1964 may total 
between 1.2 and 1.5 million. Public demand 
for color sets has been established and the 
total volume of sales will depend largely 
on the industry's ability to increase its tube - 
making capacity fast enough to meet that 
demand. In all its aspects, from manufac- 
turing to broadcasting to servicing, color at 
the retail level promises to become a billion - 
dollar industry in 1964. 

Electronic data processing should con- 
tinue in 1964 to rival color as a principal 
growth factor in the industry. The sale, 
lease, and servicing of data processing sys- 
tems probably will expand from 15 to 18% 
annually in the foreseeable future. RCA ex- 
pects to continue as one of the major corn - 
puter manufacturers and to benefit from the 
industry's growth. 

DR. ZWORYKIN RECEIVES AWARD 

Dr. Vladimir K. Zworykin, honorary Vice 
President of RCA and Director, General 
Research Laboratory, RCA Laboratories, 
has been selected to receive the American 
Society of Metals Albert Sauveur Achieve- 
ment Award. The Sauveur Award Presenta- 
tion cited Dr. Zworykin's pioneering metal- 
lurgical achievements effecting a marked 
basic advance in metallurgical knowledge. 
Achievement of practical television stems to 
a large extent from the pioneering work of 
Dr. Zworykin whose conception of the first 
practical tube for picture transmission, the 
iconoscope, and the development of the 
kinescope picture tube, formed the basis for 
all important later advances in the field. 

85 

www.americanradiohistory.com

www.americanradiohistory.com


A..1. Vaughan 

VAUGHAN NAMED AED CHIEF ENGINEER 

The appointment of A. J. Vaughan as Chief 
Engineer of the DEP Astro- Electronics 
Division, Princeton, N.J., has been an- 
nounced by Barton Kreuzer, Division Vice 
President and General Manager. Mr. 
Vaughan was promoted from the engineer- 
ing technical advisory staff. As Chief Engi- 
neer he heads all engineering functions em- 
bodied in eight departments. 

A native of Breat Britain, Mr. Vaughan 
joined AED last year. He had been with the 
Guided Weapons Division of English Elec- 
tric. He had been Assistant Chief Develop- 
ment Engineer and Chief Engineer for 
English Electric's Thunderbird missile 
weapon system. Earlier, Mr. Vaughan was 
on the engineering staff of the Bristol Aero- 
plane Company, working primarily on in- 
strumentation for aircraft and missiles. He 
is a former officer of the Royal Air Force. 

Mr. Vaughan holds a science degree from 
London University's City and Guilds Col- 
lege where he majored in electrical engi- 
neering and was an honor student in mathe- 
matics. He is a member of the Institute of 
Electrical Engineers (Great Britain) and an 
Associate of the City and Guilds of London 
Institute. 

NEW MICROWAVE SOLID STATE 
ENGINEERING ACTIVITY 

Establishment of a new microwave solid 
state engineering activity at the headquarters 
of Electronic Components and Devices was 
announced recently by C. C. Simeral, Jr., 
Manager, Microwave Tube Operations De- 
partment, ECD. W. J. Dodds has been ap- 
pointed Manager, Solid State Device and 
Pencil Tube Engineering and will head the 
new activity. This operation will be respon- 
sible for the product engineering of such 
devices as varactor multipliers, parametric 
amplifiers, tunnel oscillators, amplifiers and 
down converters. These devices are widely 
used in electronic equipment for missiles 
and satellites as well as for commercial 
communications and radio -relay systems. 

Establishment of the new microwave solid 
state engineering laboratory is a direct out- 
growth of the recent consolidation of RCA's 
Electron Tube Division and Semiconductor 
Division. Because of the consolidation, the 
majority of engineering personnel now lo- 
cated at the RCA Microwave Tube Engineer- 
ing Laboratory in Los Angeles will be 
transferred to the new activity, at larger 
quarters, in Harrison, N.J. This move will 
permit closer liaison with research work at 
RCA Laboratories in Princeton and semi- 
conductor engineering programs conducted 
at the RCA plant in Somerville, N.J. 
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MISTERLY NAMED STAFF VICE 
PRESIDENT, PATENT OPERATIONS 

Appointment of Frank S. Misterly as Staff 
Vice President, Patent Operations, RCA, 
was announced recently by Dr. George H. 
Brown, Vice President, Research and Engi- 
neering. In his new position, he will have 
responsibility for RCA domestic and foreign 
patent operations and for the RCA trade- 
mark activity. Mr. Misterly graduated from 
Rensselaer Polytechnic Institute with an ME 
degree in 1925, and received an LL.B degree 
from Fordham University Law School in 
1931. He joined RCA in 1927 as a patent 
attorney. In November 1958, he was named 
Manager of Patent Services, a position he 
held until his new appointment. Mr. Misterly 
is a member of the Bar of New York and 
has been admitted to practice before the 
United States Supreme Court and the United 
States Patent Office. He is a member of the 
New York Patent Law Association and the 
Association of the Bar of the City of New 
York. 

RCA EXECUTIVES DRS. BROWN, HILLIER 
AND EWING NAMED TO GOVERNMENT 

AND INDUSTRY ADVISORY POSTS 

Dr. George H. Brown, Vice President, Re- 
search and Engineering, was recently re- 
appointed to the science and technology 
committee of the Chamber of Commerce of 
the United States. The committee studies 
and makes recommendations on the prob- 
lems of advancing science and technology, 
including industrial research development, 
governmental and changing national policies. 

Dr. James Hillier, Vice President, RCA 
Laboratories has been appointed by Gov- 
ernor Richard Hughes as a member of the 
Governor's committee on higher education 
which will make a study of higher educa- 
tional resources in New Jersey. The study 
will include recommendations for the pro- 
vision of educational opportunities for all 
qualified persons in New Jersey's institutions 
of higher learning and for facilities to pro- 
vide trained personnel for business and 
government. 

Dr. Douglas H. Ewing, Vice President and 
Technical Director, RCA, has been ap- 
pointed a member of the Board of Directors 
of the American Management Association 
and named to the Board's Executive 
Committee. 

COMPUTER ADVANCED DEVELOPMENT 
GROUP MERGED WITH DEP 

APPLIED RESEARCH 

The Computer Advanced Development 
Group has been merged with DEP Applied 
Research in Camden. This consolidation 
provides both DEP and EDP with a broader 
and more effective base for research in com- 
puter techniques. The merged organization 
will continue to be known as DEP Applied 
Research with Donald J. Parker as Man- 
ager. J. Nathaniel Marshall, who headed 
the Computer Advanced Development 
Group, is now Manager of Common Com- 
ponents for EDP and serves as the key point 
of communications between EDP and Ap- 
plied Research. 

The personnel and equipment of the Com- 
puter Advanced Development Group have 
been moved from Pennsauken, N.J. to Cam- 
den. In addition to the laboratory facilities 
for logic and memory experimentation, the 
RCA 301 computer formerly in Pennsauken 
has been moved to Bldg. 10 -7 in Camden 
and is programmed and run by individual 
engineers for circuit simulation and design 
automation studies. 

The Applied Research program in corn - 
puter techniques for 1964 consists of pro- 
grams in machine organization, logic and 
memory circuitry, and peripheral equipment. 
Reflecting the broad military and commer- 
cial scope of the activity, the individual pro- 
grams are sponsored by DEP Applied 
Research and Development Funds, EDP 
General Engineering and Development 
Funds, and RCA Laboratories Applied Re- 
search Funds. In addition, the group does 
work for specific customers. 

MASSOTH HEADS CAMDEN- COMPLEX 
COMMUNITY AND PUBLIC AFFAIRS 

Effective January 27, 1964, in addition to 
his other responsibilities, T. W. Massoth, 
Manager, Administration, will become re- 
sponsible for coordinating community and 
public affairs for the RCA Greater Camden 
area complex- including Camden, Cherry 
Hill, and Moorestown -as well as for all 
Defense Electronic Products locations. Mr. 
Massoth will continue to report to W. G. 
Bain, Vice President, Defense Electronic 
Products, for all his Defense Electronic 
Products responsibilities, and to A. L. 

Malcarney, Group Executive Vice President, 
for his Camden area community and public 
affairs assignment. 

TO N. J. ENGINEERS: POTENTIAL 
CHANGES IN PROFESSIONAL LICENSING LAWS 

A special Law Study Committee, appointed 
in May of 1963 by the New Jersey Society 
of Professional Engineers, has prepared a 
number of major and minor revisions to be 
submitted to the New Jersey Legislature 
for inclusion in a proposed revision of the 
existing laws. Those proposed revisions that 
pass in the Legislature will become law. 

Included in the proposed revisions is the 
deletion of the present provisions which per- 
mit a qualified individual having 15 years 
of professional experience to apply for a 
license without taking the written examina- 
tion after he has reached the age of 40 years. 

During a recent meeting of the Engineer- 
ing Society of Southern New Jersey it was 
suggested by the undersigned that present 

provisions regarding licenses be extended 2 
years before the revised law would become 
effective. A motion was made along this line, 
but was voted down. 

Thus, in view of the trend to strengthen 
the laws in New Jersey, it is strongly rec- 
ommended that qualified engineers, in both 
technical and management positions, pro- 
ceed to apply to the State Board for a PE 
license without further delay. It will likely 
be much easier to obtain a license in the 
immediate future than it will be later on. 

Requests for application forms and related 
information should be addressed to: The 
New Jersey Board of Professional Engi- 
neers, 1100 Raymond Boulevard, Jersey City, 
N.J. H. W. Phillips, MSR, Moorestown 
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. . . PROMOTIONS . . . 
to Engineering Leader & Manager 
As reported by your Personnel Activity during the 
past two months. Location and new supervisor 
appear in parenthesis. 

Electronic Components & Devices 
I. E. Martin: from Sr. Engr. Prod. Dev. to 

Eng. Leader, Prod. Dev. (Mgr., Adv. Dev. 
Engineering -Power Tubes & Vacuum Com- 
ponents) Lancaster. 

J. G. Ottos: from Sr. Engr. Prod. Dev. to 
Eng. Leader, Prod. Dev. (Mgr., Environ- 
mental Special Equip. & Spec. Eng.) 
Lancaster. 

D. A. Pahls: from Eng. Coordinator, Mfg. & 

Prod. Eng. to Eng. Leader, Mfg. and 
Prod. Engineering, Mountaintop. 

A. C. Tunis, Jr.: from Engr., Mfg. to Mgr., 
Super Power Tube Prod. Engineering 
(Mgr., Super Power Tube Mfg.) Lan- 
caster. 

Record Division 
P. J. Wymann: from Engr., Design & Dev. 

to Mgr., Adv. Dev., Tape Formulations 
(H. E. Roys, Chief Engineer) Indianap- 
olis. 

Communications Systems Div. -DEP 
R. E. Thorngate: from Sr. Proj. Mbr. Tech. 

Staff to Ldr., Design & Dev. Engrs. (Dr. 
H. N. Crooks, Cambridge) 

C. J. Billion: from Sr. Mbr. Tech. Staff to 
Ldr., Design & Dev. Engineers (P. J. 
Riley, Cambridge) 

Astro- Electronics Division -DEP 
J. B. Newman: from Engr. to Leader, Engi- 

neers (R. Warner, Mgr. Adv. Systems & 

Oper. Analysis) Princeton. 
A. J. Vaughan: from Member Tech. Adv. 

Staff to Chief Engineer, Engineering (B. 
Kreuzer, Div. V.P. & Gen. Mgr.) Prince- 
ton. 

G. A. Beck: from Engr. to Ldr., Eng. System 
Projects (C. T. Cole, Mgr., Hightstown) 

J. Hermann: from Engr. to Ldr., Engineers 
( G. Hieber, Mgr. Environmental Simula- 
tion, Hightstown) 

G. Hieber: from Ldr., Engineers to Mgr., 
Environmental Simulation (E. Goldberg, 
Mgr., Spacecraft Design & Test, Hights- 
town) 

J. E. Keigler: from Ldr., Engineers to Mgr., 
Systems Eng. & Integration (J. Lehmann, 
Mgr., Space Observation System, Hights- 
town ) 

D. McCandless: from Assoc. Engr. to Ldr., 
Engineers (G. Hieber) 

E. Mowle: from Engr. to Ldr., Eng. Systems 
Projects (A. Schnapf, Mgr. TIROS, 
Hightstown) 

D. L. Sussman: from Assoc. Engr. to Ldr., 
Engineers (G. Hieber) 

C. Yutkowitz: from Sr. Engr. to Ldr., Engi- 
neers (M. H. Mesner, Mgr., TV Camera 
Systems, Hightstown) 

Aerospace Systems Division -DEP 
P. B. Korda: from Ldr. Dev. & Des. Eng. Staff 

to Mgr., Electronic Dev. & Design (J. J. 
Murphy) Van Nuys. 

H. Scheuer: from Sr. Mbr. D &D Eng. Staff 
to Ldr., Dev. & Des. Eng. Staff (J. Murphy, 
Van Nuys) 

STAFF ANNOUNCEMENTS 
DEP Communications Systems Division, 
Tucson: M. L. Touger has been appointed 
to the newly created post of Manager, De- 
sign Engineering. He was formerly Manager 
of Magnetic Recording at CSD headquarters 
facility in Camden. 

DEP -Communications Systems Division, 
Camden: S. W. Cochran, Division Vice 
President and General Manager, CSD, an- 
nounces his CSD organization as follows: 
M. R. Amsler, Manager, Marketing Depart- 
ment ; J. E. Sloan, Manager, Data Commu- 
nications Programs; O. B. Cunnigham, 
Chief Engineer, Engineering Department; 
J. A. Doughty, Manager, Proposals and 
Presentations; J. E. Finnegan, Manager, 
Equipment Maintenance and Support; R. 
W. Greenwood, Manager, Operations Con- 
trol; C. K. Law, Manager, Aerospace Com- 
munications Systems; J. M. Osborne, 
Manager, Minuteman Program; C. A. 
Steuernagel, Manager, Communications 
Systems Manufacturing; T. J. Tsevdos, 
Manager, Ground Communications Pro- 
grams; and J. D. Woodward, Manager, 
Product Assurance. 

Electronic Data Processing, Camden: 
Effective January 10, 1964, the Board of Di- 
rectors of the Radio Corporation of America 
has elected A. K. Weber a Vice President of 
the Corporation. Mr. Weber will continue as 
Vice President and General Manager of 
Electronic Data Processing and will report 
to A. L. Malcarney, Group Executive Vice 
President. 

Effective January 13, 1964, E. S. McCol- 
lister has been appointed Division Vice 
President and Operations Manager, EDP. 
In this capacity, Mr. McCollister will be 
responsible for Marketing, Product Plan- 
ning, Engineering, Production, and Project 
Management activities of the Electronic 
Data Processing organization. Mr. McCollis- 
ter will continue to report to A. K. Weber, 
Vice President and General Manager, Elec- 
tronic Data Processing. 

R. D. Sidnam: from Ldr., Systems Eng. Eval- 
uation & Res. to Mgr., Saturn Eng. (R. 
Landee, Van Nuys) 

RCA Service Co. 

J. B. Caskey: from Field Engr. to Mgr. ARIS 
Radar & Optics Shipboard (S. Candler, 
Mgr.) 

H. S. Howard: from Engr. to Ldr., Engineers 
( C. W. Fisher, Mgr.) 

N. A. Perna: from Assoc. Engr. to Ldr., 
Engineers BMEWS (A. Freeman, Mgr.) 

Home Instruments Division 

R. N. Rhodes: from Mgr. Adv. TV Prod. Dev. 
to Mgr., New Electronic Systems (L. R. 
Kirkwood, Chief Engineer) Indianapolis. 
(correction) 

DEGREES GRANTED 
J. Claffie, DEP- AppRes MSEE, University of Pennsylvania 
J. W. Coleman, BCD Ph.D. (Molecular Biology) University of Pennsylvania 
F. Koker, DEP -MSR MSEE, University of Pennsylvania 
V. Stachelko, DEP -MSR MSEE, University of Pennsylvania 

Mr. Weber announces his EDP organiza- 
tion as follows: E. S. McCollister, Division 
Vice President and Operations Manager; 
B. G. Anderson, Manager, Special Pro- 
grams; K. Hesdoerffer, Manager, Product 
Assurance; J. N. Landon, Manager, Person- 
nel; and J. H. Walker, Controller, Finance. 

Mr. McCollister announces his organiza- 
tion as follows: A. D. Beard, Chief Engineer, 
Engineering; A. G. Daubert, Manager, Proj- 
ect Management; R. G. Dee, Division Vice 
President, Marketing; W. R. Lonergan, 
Manager, Product Planning and Program- 
ming; and J. A. Scarlett, Manager, Opera- 
tions -Palm Beach. 

J. N. Marshall has been named Manager, 
Common Components and Standards Engi- 
neering, EDP, reporting to A. D. Beard, 
Chief Engineer, EDP. Mr. Marshall will 
coordinate the development and utilization 
of memory devices, circuits and packaging 
tchniques for RCA's commercial computers, 
with emphasis on standardization of com- 
ponents. Formerly Manager, Advanced Sys- 
tems Development Engineering, he will con- 
tinue his responsibility for engineering coor- 
dination with advanced development and 
research activities of RCA. 

ECD Industrial Tube and Semiconductor 
Division, Harrison: H. K. Jenny, Manager, 
Microwave Engineering, announces his or- 
ganization as follows: W. J. Dodds, Man- 
ager, Solid State Device and Pencil Tube 
Engineering; M. Nowogrodzki, Manager, 
Microwave Engineering Programs; F. Ster- 
zer, Manager, Microwave Applied Research; 
R. G. Talpey, Manager, Microwave Support 
Engineering and Special Products Manufac- 
turing; and F. E. Vaccaro, Manager, Travel- 
ing -Wave Tube and Magnetron Engineering. 

ECD -Commercial Receiving Tube & Semi- 
conductor Division, Needham, Mass.: F. E. 

Vinai, Manager, Memory Products Engi- 
neering, announces his organization as fol- 
lows: B. P. Kane, Manager, Memory Systems 
Engineering; H. P. Lemaire, Manager, Ad- 
vanced Development; W. O. Oiander, Man- 
ager, Applications, Memory Products; and 
L. A. Wood, Manager, Memory Devices 
Engineering. 

Defense Electronic Products (Staff), Cam- 
den: Effective Jan. 31, 1964, S. N. Lev, Divi- 
sion Vice President, Defense Manufacturing 
and Program Management, announces his 
organization as follows: B. Fein, Manager, 
Engineering; J. R. Shirley, Manager, Avia- 
tion Equipment Department; and F. O. 
Ziegler, Manager, Facilities and Services. 

DEP- Aerospace Systems Division, Van 
Nuys: C. A. Wolf, Manager, Operations, 
Van Nuys, announces his organization as 
follows: W. R. McKinley, Manager, Opera- 
tions Control; B. W. Tucker, Plant Manager, 
Van Nuys Plant; I. B. Jenkins, Manager, 
Materials and Facilities; R. W. Landee, 
Chief Engineer, Engineering Department; 
A. E. Fogelberg, Manager, Saturn Pro- 
grams; J. J. Murphy, Manager, RACE Pro- 
gram; M. E. Collins, Manager, Product 
Assurance; and R. V. Javins, Manager, 
'West Coast Personnel. 

REGISTERED ENGINEERS 
D. F. Schmit, Vice Pres., Prod. Eng., PE- 

13134, N.J. 
H. Cohen, ECD, PE- 13278, N.J. 
D. Mawhinney, ECD, PE- 13246, N.J. 
D. R. Purdy, ECD, PE- 13247, N.J. 
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YOUR PAPER PUBLISHED? 
NOTIFY YOUR TPA 

To enable RCA to maintain valuable 
indexes (see Pen & Podium, this 
issue) to its published scientific in- 
formation, all RCA engineers and 
scientists should notify their Techni- 
cal Publications Administrator when- 
ever one of their technical papers is 
published or presented before a tech- 
nical society. The TPA should be 
given the exact name, volume num- 
ber, and the date of the publication, 
and /or the exact name of the profes- 
sional society meeting and the date 
the paper was presented. Furnishing 
such information will enable the 
RCA ENGINEER and the RCA Review 
to make their technical paper indexes 
more accurate and complete. 

The TPA's are: F. Harris, RCA 
International, Clark; K. A. Chittick, 
Home Instruments, Indianapolis; M. 
G. Gander, RCA Service Co., Cherry 
Hill; W. A. Howard, NBC, N. Y.; 
C. Frost, RCA Communications, 
N. Y.; A. M. Max, RCA Victor 
Records, Indianapolis; C. A. Meyer, 
ECD, Harrison; T. T. Patterson, 
EDP, Camden ; D. R. Pratt, BCD, 
Camden; H. J. Russell, RCA Victor 
Co., Ltd., Montreal; C. W. Sall, RCA 
Laboratories, Princeton; and F. D. 
Whitmore, DEP, Camden. Assisting 
Mr. Whitmore are: J. Carter, DSC, 
Bethesda; D. Dobson, ASD, Burling- 
ton; S. Hersh, ASD, Van Nuys; C. 
W. Fields, CSD, Camden; T. 
Greene, MSR, Moorestown; M. 
Pietz, AR, Camden; and I. Seide- 
man, AED, Princeton. 

PROFESSIONAL ACTIVITIES 

DEP Astro Electronics Div., Princeton: 
Robert W. Northup has been appointed to 
the Technical Committee on Space Struc- 
tures of the American Institute of Aero- 
nautics and Astronautics. Dr. Richard Mar - 
sten has been appointed to the Technical 
Committee on Communications of the AIAA. 
-I. Seideman 

DEP Missile and Surface Radar, Moores- 
town: Frank Klawsnik was one of a panel 
of five invited to speak at the "Conference 
on Microwave Components Needs," Boston, 
Massachusetts on November 3, 1963. - T. 
Greene 

ECD, Lancaster, Pa.: Jules M. Forman 
(P.E.) has been appointed by the Board 
of Directors of Lincoln Chapter of the 
Pennsylvania Society of Professional En- 
gineers as Chairman of a new committee 
entitled "Professional Engineering Exami- 
nation Committee." This committee will 
coordinate the joint efforts of Professional 
Engineers from Lincoln Chapter, PSPE, and 
the Technical Societies Council, represent- 
ing all engineers from Southeastern Penn- 
sylvania. The primary purpose of this com- 
mittee is to assist the PSPE State Society 
to furnish better and detailed questions and 
answers to the State Registration Board for 
potential use for the P.E. exam in all 
engineering fields. -G. G. Thomas 

Robert G. Neuhauser conducted Televi- 
sion Camera Tube Engineering Seminar in 
San Francisco on Oct. 21 to 24, 1963. George 
E. Jannery conducted Television Camera 
Tube Engineering Seminars in Dallas, Texas 

on Oct. 21, 1963 and in Greensboro, N.C., 
on Oct. 24, 1963. -R. L. Kaufman 

DEP Aerospace Systems Div., Burlington: 
The following courses, with over 160 regis- 
tered, are being given: Written and Oral 
Communications, Integrated Electronics, 
Radar Fundamentals, Radar Systems, PERT. 
and Management Use of PERT. Also, on Oct. 
2, 1963 D. J. Parker, Mgr., DEP Applied 
Research, Camden, conducted a seminar in 
Burlington on the activities of his group. 
-R. E. Glendon 

DEP Communications Systems Div., New 
York: Carl Sontz has been appointed to the 
Community Planning Board by Borough 
President Perriconi of the Bronx. He will 
act as an advisor to the. Borough President, 
the City Planning Commission, and other 
city agencies concerning housing, social 
service and welfare, hospitals and health, 
schools and education, parks and recreation, 
Civilian Defense and other public functions. 
-C. W. Fields 

RCA Service Co., Patrick AFB, Fla.: 
RCA /MTP Optics Engineering personnel 
are to participate in planning the Society 
of Photographic Instrumentation Engineers 
(SPIE) annual Symposium which is to be 
held at the Deauville Hotel in Miami Beach, 
Florida, from 24 -28 August 1964. The follow- 
ing appointments have been made: G. B. 

Cope, as Chairman, Technical Program ; W. 
C. Terry, as Vice Chairman, Technical Pro- 
gram; W. A. Price, as a member of the 
Technical Program Committee. - W. L. 
Strayer 

ENGINEERING LECTURE SERIES BEGUN IN CAMDEN 

Communications Systems Division Engi- 
neering has initiated a series of talks in 
Camden to promote the interchange of tech- 
nical information among engineering groups 
in the area. Primarily based on recently 
completed papers and reports, the talks are 
meant to accomplish several ends: as brief- 
ing of engineers on subjects outside their 
specialty; as "dry runs" for authors sched- 
uled to give papers at symposia; for the fur- 
ther exposition of company reports; and to 
give creative individuals the opportunity to 
discuss their accomplishments with their 
colleagues. 

The lectures are given during the lunch 
hour in the Little Theatre, Building 2. They 
last 20 minutes, include illustrations, and 

E. W. Veitch lectures on computer simulation to 
an SRO audience in the Camden Little Theater. 

and inventor of the "Veitch Diagram," it 
are followed by a 10- minute question- answer 
period. The talks will be held approximately 
bi- weekly, and selected technical films may 
he shown alternately, as appropriate. 

The first talk was given on January 21 on 
The Grounding of Electronic Installations, 
by R. F. Ficcki, CSD, Camden. A standing - 
room -only audience of 70 included S. W. 
Cochran, Vice President and General Man- 
ager of Communications Systems Division. 
The speaker was introduced by Dr. R. Guen- 
ther, Chief Scientist of CSD. 

The second talk, on February 4, was 
Computer Simulation of Data Communica- 
tion Systems, by E. W. Veitch, Administra- 
tor, Data Communications Programs, CSD, 

D. F. Schmit (left) Staff Vice President, Prod- 
uct Engineering, with E. W. Veitch. 

again drew a standing- room -only audience. 
The slant of the talks is intended to be 

tutorial on a general technical level, to 
serve as a briefing for engineers represent- 
ing the variety of specialties in Camden area 
groups. For more specific information, a 
listener can arrange to meet with the 
speaker for further discussion; additionally, 
available reference works will be posted at 
each meeting. 

While CSD Engineering Publications ini- 
tiated the series, it is hoped that other Cam- 
den area activities will join in providing 
talks to achieve a fruitful exchange of tech- 
nical information on a broad scale. Admin- 
istrator of the program is C. W. Fields, Chief 
Editor, CSD, Building 10 -4 -4, PC -4468. 

Dr. Richard Guenther (left) congratulates R. 

F. Ficcki after his lecture on grounding. 
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Editorial Representatives 
The Editorial Representative in your group is the one you should contact in 

scheduling technical papers and announcements of your professional activities. 
Indicates Technical Publication Administrators for their major operating unit. 

DEFENSE ELECTRONIC PRODUCTS 

F. D. WHITMORE° Chairman, Editorial Board, Camden, N. J. 

Editorial Representatives 
Aerospace Systems Division 

D. B. DossoN Systems Support Eng., Burlington, Mass. 

R. GLENDON Technical Administration, Burlington, Mass. 

S. HERSH Data Systems Eng., Van Nuys, Calif. 

Astro- Electronics Division 

I. SEIDEMAN Engineering, Princeton, N. J. 

Missile & Surface Radar Division 

I. N. BROWN Systems Engineering, Moorestown, N. J. 

T. G. GREENE Engineering Dept., Moorestown, N. J. 

Communications Systems Division 

C. W. FIELDS Engineering, Camden, N. J. 

J. F. GIBBINGS Systems Labs., Tucson, Ariz. 

G. LIEBERMAN Systems Engineering, Camden, N. J. 

W. C. PRAEGER Engineering, Cambridge, Ohio 

M. P. ROSENTHAL Systems Labs., New York, N. Y. 

Defense Engineering 

J. J. LAMB Central Engineering, Camden, N. J. 

I. N. BROWN SEER, Moorestown, N. J. 

M. G. PiETZ Applied Research, Camden, N. J. 

Technical Programs, DEP and EDP 

H. J. CARTER Data Systems Center, Bethesda, Md. 

R. F. TRADER (acting) Advanced Military Systems, 
Princeton, N. J. 

BROADCAST AND COMMUNICATIONS 
PRODUCTS DIVISION 

D. R. PRATI° Chairman, Editorial Board, Camden, N. J. 

Editorial Representatives 

N. C. CoLBY Mobile Communications Engineering, 
Meadow Lands, Pa. 

H. E. GIHRING Brdcst. Transmitter & Antenna Eng., 
Gtbbsboro, N. J. 

C. E. HITTLE Closed Circuit TV & Film Recording Dept., 
Burbank, Calif. 

D. G. HYMAS Microwave Engineering, Camden, N. J. 

R. N. HURST Studio, Recording, & Scientific Equip. 
Engineering, Camden, N. J. 

INDUSTRIAL PRODUCTS 

N. AMBERG Industrial & Automation Products Engineering, 
Plymouth, Mich. 

ELECTRONIC DATA PROCESSING 

T. T. PATTERSON* EDP Engineering, Camden, N. J. 

R. R. HEMP Palm Beach Engineering, 
West Palm Beach, Fla. 

B. SINGER Data Communications Engineering, 
Camden, N. J. 

RCA LABORATORIES 

C. W. SALLe Research, Princeton, N. J. 

ELECTRONIC COMPONENTS AND DEVICES 

C. A. MEYER* Chairman, Editorial Board, Harrison, N. J. 

Editorial Representatives 
Commercial Receiving Tube & Semiconductor Division 
H. J. CARTER Semiconductor Operations, Somerville, N. J. 
P. L. FARINA Receiving Tube Operations, Harrison, N. J. 
J. KOFF Receiving Tube Operations, Woodbridge, N. J. 

G. R. KORNFELD Memory Products Dept., Needham and 
Natick, Mass. 

R. J. MASON Receiving Tube Operations, Cincinnati, Ohio 
J. D. YOUNG Semiconductor Operations, Findlay, Ohio 

Television Picture Tube Division 
J. D. ASHWORTH Television Picture Tube Operations, 

Lancaster, Pa. 
J. H. LIPSCOMSE Television Picture Tube Operations, 

Marion, Ind. 

Industrial Tube & Semiconductor Division 
H. J. CARTER Semiconductor Operations, Somerville, N. J. 
R. L. KAUFFMAN Conversion Tube Operations, Lancaster, Pa. 
M. N. SLATER Semiconductor and Conversion Tube 

Operations, Mountaintop, Pa. 
G. G. THOMAS Power Tube Operations and Operations Svcs., 

Lancaster, Pa. 
H. J. WOLESTEIN Microwave Tube Operations, Harrison, N. J. 

and Los Angeles, Calif. 

Special Electronic Components Division 
P. L. FARINA Direct Energy Conversion Dept., Harrison, N. J. 

J. DIMAURO Microelectronics Dept., Somerville, N. J. 

RCA VICTOR HOME INSTRUMENTS 

K. A. CHIrrIcK° Chairman, Editorial Board, Indianapolis 

Editorial Representatives 
J. J. ARMSTRONG Resident Eng., Bloomington, Ind. 
D. J. CARLSON Advanced Devel., Indianapolis, Ind. 
R. C. GRAHAM Radio "Victrola" Product Eng., 

Indianapolis, Ind. 
P. G. McCABE TV Product Eng., Indianapolis, Ind. 
J. OSMAN Electromech. Product Eng., Indianapolis, Ind. 
L. R. WOLTER TV Product Eng., Indianapolis, Ind. 

RCA SERVICE COMPANY 
M. G. GANDER* Cherry Hill, N. J. 

A. L. CHRISTEN EDP Svc. Dept., Cherry Hill, N. J. 

W. W. COOK Consumer Products Svc. Dept., 
Cherry Hül, N. J. 

E. STANKO Tech. Products Svc. Dept., Cherry Hill, N. J. 

M. W. TILDEN Govt. Svc. Dept., Cherry Hill, N. J. 

RCA COMMUNICATIONS, INC. 

W. C. JACKSON* RCA Communications, Inc. 
New York, N. Y. 

RCA VICTOR RECORD DIVISION 
M. L. WHITEHURST Record Eng., Indianapolis, Ind,. 

NATIONAL BROADCASTING COMPANY, INC. 
W. A. HOWARD* Staff Eng., New York, N. Y. 

RCA INTERNATIONAL DIVISION 
F. HARRIS* Clark, N. J. 

RCA VICTOR COMPANY, LTD. 

H. J. RUSSELL* Research & Eng., Montreal, Canada 
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