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CATHODE MAXIMUM ANODE RATING CATHODE ANODE RATINGS
INPUT INV. | PEAK
1""’"7 DISS. | FREQ. TYPE | VOLTS | AMPS | PKV MA | INSULATION | COOLING

TYPE VOLTS| AMPS| MU | VOLTS AMPS’_WATTS WATTS| MCS. | COOLING ML-102 2 19.0 75 750 Ar Convection
ML-2C39A 6.3 1.0 {100 1000 | 0.125 125 100 | 2500 | Forced-Air ML-103 10 115 125 78 oit Convection
mL.207 220 | 510§ 20 | 15000 2.0 30000 | 10000 1.6 | Warer MmL-108 13 12.5 140 200 0il Convection
ML-712E 14.0 6.0 | 16 3000, .350 ) — 75 1.5 | Convection ML-110 10 11.5 140 78 Air Convection
ML-220¢ 215 | 41.0 | 40 | 15000 1.5 — | 10000 4 | Water ML-115 10 Vi 125 100 Air Convection
ML-220CA | 215 | 41.0 | 40 | 15000 | 1.5 - 5000 4 | Forced-Air ML-120 13 12.5 140 200 Air Convection
ML-228A 215 | 41.0 | 16 6000 | 1.5 — 5000 3 | Water ML-121 10 115 140 100 il Convection
ML-232B 200 | 60.0 | 40 | 20000 3.0 — [ 25000 3 | Water ML-126 13 12.5 150 200 Air Convection
ML-240B 215 | 41.0 | 40 | 12000 1.7 — | 10000 1} 20 |Water ML-170 13 12.5 200 200 Air Convection
ML-241B 14.0 6.0 | 16 3000 350} — 275 1.5 | Convection ML-180 12 2.5 200 700 oil Convection
ML-242C 10.0 3.25 | 125 1250 | 150 188 100 6 | Convection ML-199 12 23 10 10000 Air Convection
ML-279A 100 | 210 | 0 3000 800 — 1200 20 | Convection ML-222A 215 47 25 5000 Air Water
ML-298A 27 225 32 | 20000 11.0 — [lgeog0 4 | Water ML-5575/100 | 20 24 150 1008 Air Convedtion
ML.2988 7 225 51.5 | 20000 [11.0 — [loogoe 4 |Water ML-5576/200| 20 37 150 2500 Air Convection
ML-342A 200 | 67 40 [ 20000 | 2.5 — 25000 4 | Woater L*/ “ — -
ML-343A 215 §57.5 | 40 | 18000 | 2.0 — 10000 4 | Water —— E—— —
ML-343AA | 215 | 575 |40 |18000 |15 | — | 5000 | 4 |Forced-Air JRY VAPOR-RECTIFIERS
ML-356 75 (170 [ 20 {12500 | 6.0 | 60000 [22500 | 25 |Water T S
ML-357B | 100 | 10 |30 | 400005 | 1600 | 400 | 110 | Convection cATHODE | TUBE ANODE RATINGS -
ML-379A | 100 | 210 | 10 | 3000 800 | — | 1200 | 20 |Convection -~ |VOLT.| FL INV. | PEAK | AV,
ML-381 6.3 1.0 1100 3500 | 0.01% 35% 35% 13000 | Forced-Air TYPE VOLTS | AMPS | DROP | EXCIT. | COOLING | PKV | AMPS | AMPS
ML-450TH 1.5 12.0 | 38 6000 | 0.6 — 450 40 | Convection ML-2558 5.0 19 15 Quad. | Forced-Air 20 20.0 50
ML-833A 10.0 100 } 35 4000 | 0.50 1800 400 20 | Forced-Air ML-2668 5.0 LY 15 Qued. | Forced-Air 20 400 | 10.0
ML-880 12.6 {315 20 10500 | 4.0 60000 | 20000 25 | Woter ML-2678 5.0 875 10 Quad. | Convection 1.5 8.0 20
ML-889A 1.0 |120 21 8500 { 2.0 16000 | 5000 50 | Water ML-3154 5.0 10 15 Quad. | Convection | 12.5 8.0 2.0
MmML-889RA | 110 [120 2 8500 | 2.0 16000 | 5000 40 | Forced-Air ML-575A 50 |10 10 In-Ph. | Convection | 15 6.0 15
ML-891 220 | 60 8.5 | 12000 | 2.0 18000 | 6000 1.6 | Woter ML-673A 5.0 10 10 In-Ph. | Convection | 15 6.0 1.5
ML-891R 22.0 | 60 8.5 | 10000 | 2.0 15006 | 4000 1.6 | Forced-Air ML-857B 5.0 30 15 Quad. | Forced-Air 22 40.0 | 10.0
ML-892 22.0 | 40 50 | 15000 | 2.0 30000 | 10000 1.6 | Woter ML-866A 2.5 5.0 15 In-Ph. | Convection { 10 1.0 0.25
ML-892R 220 | &0 50 12500} 2.0 18000 | 4000 1.6 | Forced-Air ML-869B 5.0 19 R Quad. | Forced-Air 15 20.0 5.0
ML-893A 20.0 183 35 120000 4.0 70000 | 20000 5 | Water ML-872A 5.0 15 10 In-Ph. | Convection | 10 5.0 1.25
ML-8934R | 20.0 (183 35 | 20000 4.0 70000 | 20000 5 | Forced-Air MmL-3008 5.0 1.5 10 In-Ph. | Convection | 10 5.0 1.25
ML-5530 50 ;55 26 5000 | 1.75 8750 | 3000 | 110 |Forced-Air -
ML-5531 63 1 92 22 10000 | 3.75 { 30000 | 10000 30 {Forced-Air ) . .
ML5541 75 L st 126 | 8500 275 | 23000 | 10000 | 110 |Forced-tir Machlett Electron Tu.bes are distributed in the United
ML5604 | 110 [176 | 19.5]12500( 3.0 | 32500 | 0000 | 225 [Forced-air | States by Graybar Electric Company, 420 Lexington Avenve,
ML-5606 22.0 60 535 ]5003 2.0 30000 | 10000 1.6 |Water New York ]7’ N. Y_’ in Canada by Dominion Sound Equip.
ML-5619 11.0 | 175 19.5 112500 | 3.0 32500 | 20000 22.5 [Water .
ML5653 0 1310 120 lisoolso | eooon | 20000 | 20 |Woter ments, Ltd., 4040 St. Catherine Street Waest, Montreal, Can-
ML-5666 | 110 (120 | 21 |10000] 2.0 | 20000 | 12500 | 22.5 |Water ada and in South America, Europe, Asia and Africa by
ML-5667 1.0 |20 21 10000 ( 2.0 20000 | 7500 22.5 |Forced-Air Waestrex Corporqﬁonl 111 E|ghfh Avenue’ New York 1 ],
ML-5668 22.0 | 60 50 14000 2.0 28000 | 20000 5 |Water N. Y i
ML-5669 22.0 | 60 50 14000} 2.0 28000 | 10000 5 |Forced-Air L
-ML-5681 120 |220 25 | 15000 }32,0 (150000 | 75000 30 |Water . e . P
ML5682 | 165 |325 |32 |16000[200 [300000 (100000 | 30 |Woter Note: For complete additional technical data or prices,
ML6256 | 126 | 27 |21 | ss00! 1.5 | 7000 | 5000 | 110 |Water write to Machlett Laboratories, Inc., Springdale, Conn., or
ML-6257 | 126 Lﬂ 21 | 55000 1.5 7000 | 5000 | 1W0 | Woter { confact your nearest Graybar, Westrex or Dominion Sound
ML-6258 [ 126 | 27 21 5500 1.5 7000 | 3000 | 110 |Forced-Air Equipment office. .

*PDuty cycie: 0.0033

MACHLETT LABORATORIES, INC., SPRINGDALE, CONN,

OVER 50 YEARS OF ELECTRON TUBE EXPERIENCE
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Facts and Figures Round-Up ELECTRONIC
June, 1953 INDUSTRIES
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Broadcast Stations in US. e avco S Toe Emerson Begins $100,000 of
Pittsburgh 1 670,000 1 .
Stetions o 2d B VY, cortions : 27000 Gifts to Educational TV
Aj rovidence 1 314,000 f : : :
Unnjerr Construc- 150 69 1%:71 Sgg Richmond 1 158,000 During May, Station KUHT, University of
tion (CPS) 220 UHF Roanoke 1 60,000 Houston’s educational TV station on Chan-
dHN Lzz  Rochester ! 181,000 s heduled to be dedicated and
Applications 230 9 % IHA OoF Salt Lake City 2 101,000 ne , was scheduled to be dedicated an
Pending |PuUORDINPY §§ gan éptomo %’ }ﬁg,ggg and go into operation—the firsi educational
: : an Diego , . .
. . . San Francisco 3 660,000 station to get on the air and first te re-
Radio & TV Receiver Production Schencctody } 81000 ceive @ $10,000 allotment out of the
: eattle 63,000 .
April 1953 TV Home %gglgoo South Bend 1 45000 $100,000 gifts earmarked by Emerson
Battery 172,000 g;.aLoups ; ?88,888 Radio & Phonograph Company for educa-
Auto 532,000 racuse : tional TV. At April 13 jes in T '
Clock 20500 Toledo ] 227,000 iona “ pri ceremonies In lexdas
Toral o¢ ._O_i? Eg}su _1! 133838 oil capital, Emerson’s president, Benjamin
t ica , A
oral otk 620,000 1,209,000 Washington 4 458/000 Abrams, presented the initial $10,000
{Jan. April} 1953 Home 1,502,000 Wilkes Barre 1 60,000 check fo University President W. W, Kem-
Battery 532,000 xgm'"gt"“ } Igg’ggg merer
Auto 2,131,000 uguerque ’ !
Clock 884,000 E{o";vunssg'llle——Mafamoros ; %;:ggg The three-man committee which passes
Total 3,886,000 5,049,000 Mobile 2 28.000 on all applications for the $100,000 grant
7 Spgglr(‘:ne ; %g:ggg consists of Dr. James G. McDonald, former
TELEVISION SETS IN USE, Bangor 1 10,000 Ambassador fo lsrael; Dr. Lleonard Car-
JUNE 1, 1953 ¥g'€l:|9!(5:f00'x?nenm| Us TV Setsz 2 sgg,ggg michael, secretary of the Smithsonian Insti-
No. TV TV Sets Honolulu e 19000 tute; and Dr. Orestes H. Caldwell, editorial
Market Area Stations in Use Montreal 56,000 director of Tele-Tech & Electronic Indusiries
Ames 1 156,000 Toronto 163,000 . L !
Atlanta 3 350,000 Grand Totai, U.S., Canada 23,738,000 and former Federal Radio Commissioner.
Atlantic City 1 10,000
Austin 1 23,000
Baltimore 3 512,000
Binghamton 1 96.000
Birmingham 2 163,000
Boston 2 1,057,000
Buffalo 1 360,000
((:III'_:grlotte 1 300,000
icago 4 1,560,000 is i i
Cinciimor 4 350.000 This list comprises a selected number of contracts, awarded by
Sleveland 3 770.000 the government purchasing dagencies indicated, in April 1953.
Dallas—Ft. Worth 3 483,000
Davenport—Rock Island— .
Moltne 2 212,000 Signal Corps Supply Agency Remote flight Rome Air Force Depot
Dayton 2 228,000 Philadelphia, P controls 1,029,470 R N.Y
Denver 2 125,000 . eiphia, d. Amplifiers 239,867 gme, N.Y,
Detroit 3 273°000 lligﬂines : $3,126,882 | erters 333103 ;rcvdnsformers 3;,031
. . ~channel carrier ' adar sets 199,591
El;'i:nd Rapids—Kalamazoo ; ;?;:888 POL?,L?;%’;':,H% ngg'gg; Hhemater e Electronic Supply Office
E;ze;;gk:loro } %%g'ggg Hardware kits 30,196 Bur. of Aeronautics Great Lakes, il
Huntington 1 179000 Magnetron research 50,000 . Tubes 1,860,875
A e RI . ’ Test equipment 213,215 Washington, D.C. tteri 3
Indiandpolis—Bloomington 2 410,000 b diosondes 64936 Tramsmitter-roceivers 1,129,512 oot 4,912
r - Ivers r . .
jggtggﬁville } ];2’888 Acceleromefer research 202,541 Indicator development 139,748 U. S, Navy Purchasing Office
Johnstown 1 191,000 Voice communication X-band beacons 32,208 Los Angeles, Calif.
Kansas City i 299,000 c "evSeCt"‘he , ;?;;;ﬂ Generators 949,800 Recording oscillographs 54,703
Lancaster 1 185,000 onverter-repeaters ' Naval R h Lab
Canes i 152000 . al Research Lah,
Los Angeles 7 1440000 Bur. of Ships Washington, D.C.
S;;uisv;l_e % %fll;,ggg Air Materiel Command Washington, D.C. Teltemefeti'r;g 58,750
emphis ; iaht- F Recorders 26,005 ransmitters '
M!umn 1 132,000 ergh Pu“‘ers.on A Circuit breakers 37,502 Bureaqu of Ordnance
m!iwauksee paul ; g%gggg Base, Ohio Power supplies 295,264 Washington, D.C
inn.—5t. Pau , A Antennas 52,445 P
Nashyifle 1 115,000 Indicators 1,629,796 gingle-sideband radios 90,338 Servo molors 123,000
Nowr G ‘ e Tenorare 1709329 Oklahoma City Air Materiel
New Orleans ] 66,006 Senerators ;102 choma City Air Materie
ﬁf—zwf \i"t()rk ?I’ 3,?%),888 girj_tﬁcm finders T'Ogg'ggg Aviation Supply Office Areq, Tinker AF Base,
orfo K adic compasses . . T .
Oklahoma City 1 165,000 Relays 188,713 Philadelphia, Pa. Okiahema City, Okla.
Omaha 2 185,000 Transmitters 1,245,755 Test sets 70,962 Rectifiers 35,685
Philadelphia 3 1,251,000 Transmitter-receivers 962,480 Coax switches 48,300 Motor and generator
Phoenix 1 62,000 Receivers 2,035,200 Servo units 31,303 sets 57,229

See alse Caldweil-Clements Statistics in World Almanac, Encyclopaedia Britannica, National Conference Board Econemic Almanac, and ‘‘informatien Please™ Almanac
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 MEASUREMENTS CORPORATION

" QUAUTY ELECTRONIC:
'MEASURING  INSTRUMENTS
FOR- ACCURATE, DEPENDABLE SERVICE

INCE 1939, MEASUREMENTS
CORPORATION has developed
and manufactured a precision line of

Laboratory Standards designed for

radio, television and other fields of
the electronic industry. While our
production departments are building

instruments currently required by

laboratories, manufacturers and the
Armed Services, MEASUREMENTS’
engineering division is engaged in
extensive research on new equipment

tor the art.

Critical engineering control of all

phases of manufacturing, from the

selection of component parts, through

the production departments, to the

final mechanical and electrical inspec-

tion, assures every customer of quality
instruments that are guaranteed to

give accurate, dependable service.

STANDARDS ARE ONLY AS
RELIABLE AS THE REPUTATION
OF THEIR MAKER

STANDARD SIGNAL GENERATORS

MODULATION

FREQUENCY RANGE " QUTPUT RANGE

AM. 0 1o 100%

0 microvoli

- 75 Ke,-30 M 400 cycles or 1000 cycles
65 B ¢ ¢ 10 2.2 volts Externol mod., 50-10,000 cycles
15-25 Mc.; 195-225 Mc. AM. 8200-400 cycles
78 15.25 Mc.; 90125 Mc.| 110 100,000 microvolts 625400 cycles
othar ronges on order Fixed at approximotely 30%
Deviotion 0-300 k¢, 2 ranges
78-FM 86 Mc.-108 Mc. T 1o 100.000 microvolts FM. 400.8200 cycles
Externol modulation to 15 Ke¢.
80 AM. 010 30%
2 Mc~400 Me. 0.1 10 100,000 mi It 400 cycles or 1000 cycles
° MIOVOI |k aternal mod.. 50-10.000 cycles.
20 cycles 10 200 Kc. 0-50 volis Continuously variable 0-50%
82 80 Kc. 10 50 M, 0.1 microvolt 1o 1 vol from 20 cycles to 20 Kc.
AM. 010 30%, 400, 1000, or 2500
84 300 Mc.-1000 Mc 0.1 e 100.000 cycles. Internol pulse modulotor.
microvolrs External mod., 50-30,000 cyctes.
Continuously Voriable Continuously varioble O to 30%
84'TV 300 Mc. to 1000 Mc. from Externo! modulation 20 to

Q.1 Microveolt te 1.0 Volt 20,000 cycles.

90

Continuously variable, 0to 100%
Sinusoidal modulotion 30 cycles-
5 Mc. Composita TV modulotion.

20 Mc,-250 Mc. 0.3 microvolt 1o 0.1 valt

PULSE GENERATOR

FREQUENCY RANGE

PULSE WIDTH QUTPUT

Approximately 150 volts positive

Continuously varioble
4 with respect to ground. “Sync

f
79'8 60 1o 100000 cycles 0.5 1a 40 rmO‘i':roseconds Output” 75 volts positive with
' respect to ground.
[ ] s N 3 o, R
MOODEL FREQUENCY RANGE WAVE SHAPE OouUtPUT
. . Rise time less thon 0.2 Step attenvator- 75, 50, 25, 15,
7" Continuously vorioble microseconds with 10, 5 peak volts fixed ond 0 to

U.H.F. RADIO NOISE and FIELD STRENGTH METER

4 to 100,000 cycles

negligible overshoot 2.5 volts continuously voricble.

FREQUENCY RAMGE INPUT YOLTAGE RANGE

58

1 16 100,000 microvolts in antenno. 1 to 100 mi¢rovolts on
semi-logarithmic output meter, balonced resistonce attenu-
ator with ratios of 10, 100 and 1000 ohead of all tubes.

15 Mc. 1o 150 Me.

f} . ® D
MODEL VYOLTAGE RANGE FREQUENCY RANGE INPUT IMPEOANCE
0-1. 0-3, 0-30 and
. i |
62 0100 volis AC or DC 30 cycles to over 150 Mec. Approximately 7 mmftd.
0-1. 0-3. 0-30 and .
- A tely 2 d.
62 U-H.E 0-100 volts AC or DC 100 K¢ 1o 500 Mc. pproximately 2 mmid
0005 to 300 volts 5 10 100,000 sine-waove
67 peak-1o-peak cycles per second 1 megohm shunted by 30 mmfd.
A .
MODEL FREOQUENCY RANGE FREQUENCY ACCURACY MODULATION
CW or 120 cycles fixed ar op-
59 2.2 Mc. — 400 Mc, Within = 2% proximately 30%. Provision for

externol modulotion

CRYSTAL CALIBRATORS

FREOUENCY ACCURACLY

HARMONIC RANGE

FREQUEMCY RANGE

.25 M. Oscillator: .25-450 Mc.

] ] 1 250 Ke.— 1000 M. 0.001% 1 M¢. Oscillator: 1.600 Mc.
10 Mc. Oscillator: 10-1000 Mc.
.1 Mc. Oscillator: .1-450 Mc.
111-8 100 Kc. — 1000 Mc. 0.001%, ! Mc. Oscillator:  1.600 Mc.

10 Mc¢. Oscitlotor: 101000 Mc.

' MEASUREMENTS CORPORATION « BOONTON, N. J.

~ Write for our
Catalog of Laboratory Standards
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*ﬁz;ﬁ}PNP JUNCTION TRANSISTORS

PNP JUNCTION TRANSISTORS
{Typical Characteristics at 25° C—Grounded Emitter)

TYPE NO. RR14% RR20% RR21% -
Collector Voltage—volts —-15 —15 -15.0
Collector Current—ma -05 —0.5 =30
ico—Microamp.* 10 10 30
Current Amplification 25 40 25
Power Gain—db 30 40 —
Noise. Factor—db (1 Kc) 22 22 —
Power out~mw (10% Dist.)t — — 20.0
*le = o, V¢ = —1.5 voits.

TWith 1000 ohm driving impedance and 5000 ohm load.

tRR14H, RR20H and RR21H are hermetically sealed types.

(FLJ2) POINT CONTACT

TRANSISTORS

Available in a variety of stable conirolled
types suitable for both fast and medium
speed switching circuits and high fre-
quency amplifiers. Advanced mechanical
design for economical production . . .

Heat conducting metal case; standard bas-

ing, choice of solder-in or plug-in.

POINT CONTACT TRANSISTORS
Typical Characteristics at 25°C

SWITCHING TRANSISTORS

TYPE NO. R1698 R1734
Off Collector Current —2.2 —0.7
max. ma {[.=0) (@ V= 40V) (@Vz=-1
On Collector Voltage —40 -1.2
max. volts (I.= 3.0) (@l =55 ma)) (@I = —4.0 ma)
Collector Dissipation 120 120
max. m w
Nomina! cut-off Frequency 1.5 10.0
m¢
GENERAL PURPOSE TRANSISTOR
TYPE NO. “R1728
Collector Voltage—volts —30
Emitter Current—ma 1.0
Input Resistance (R;{)—ohms 190
Output Resistance (Rag)—ohms 6000
Current Amplification Factor 25
Nominal Cut-off Frequency—mge 5.0

Qur engineers will be glad to offer suggestions regarding your
Germanium Transistor and Diode applications without obliga-

tion . . . Write to Section T

Tiny, stable high gain units, most
economical of power, may be sol-
dered in place or socketed in a rec-
ommended RTMA transistor socket.
They are suitable for audio ampli-
fiers, servo amplifiers and trans-
former coupled carrier amplifiers.
Available in plastic or hermetically
sealed in metal and glass.

JUNCTION POWER DIODES

Maximum Ratings at 55° C—Resistive Load

Unit
illustrated
at right
hermetically
sealed.

SELETRON & GERMANIUM DIVISION

RADIO RECEPTOR COMPANY,

®RP

-SALES DEPT: 251 W. 19th St., New York 11,

TELE-TECH & ELECTRONIC INDUSTRIES * June 1933

Since 1922 in Raiio and Electronics

« FACTORY: 84 N.

INC.

®P

., Brooklyn 11, N. Y.

www americanradiohistorv com

TYPE NO. 1NS1 1N92 1N93

Peak Inverse Voltage {volts) 100 200 300

| Peak Forward Current (ma) 470 310 230
D.C. Output Current (ma) 150 100 75
Voltage Drop at Full Load (volts) 0.5 0.5 0.5
Surge Current {amps) 25 25 25
Reverse Working Voltage {continuous

| volts) 30 65 100

| Max. Freq. of Operation (k) 50
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Double shield,
multiple cell
type screen
room

.....

by
AMERICA’S MOST
EXPERIENCED
SHIELDING ENGINEERS

Backed by years of experi-
ence in hundreds of ‘major
installations. MULTI-CELL™®
Screen Rooms meet Jan-1-
225, 16E4 (Ships), MIL-I-
6181 and all other specifica-
tions for electrical and elec-
tronic equipment perform-
ance in research, develop-
ment and production.

Lef us show you how to

SAVE MONEY!

Not only is our service excep-
tionally fast but our price will
cut your expenses. We con-
struct every type of enclosure:
Solid or screen. Double shield,
multiple cell. Double shield,
isolated cell. Single shield. No
obligation for engineering
consultation. 5

Write for
Bulletin
No. 12
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HAROLD PRINCE, Sales Promotion Monager

JOSEPH DRUCKER, District Manager

JAMES S. COLEMAN, District Manoger
N. McALLISTER, Asst. Business Manager
A. O'ROURKE, Production Manager
A. SHILLIN, Asst. Production Mgr.
BARBARA MILLER, Reader Service Dept.
480 Lexington Ave., New York 17, N. Y.
Telephone Plazo 9.7880

S. M. GASKINS, Western Manager

JOHN D. LUPTON, Disfrict Manager

201 N, Wells St., Chicago 6, .
Telephone RAndolph 6-9225

CHRIS DUNKLE & ASSOCIATES
California Representatives
3257 W. 6th Street, Los Angeles 5, Calif.
Telephone DUnkirk 7-6149

WARREN S. BROWN, Circulation Manoger
M. GROENING, Asst. Circulation Manoger
JOHN 1. BORGHI, Controller

CIRCULATION 21,000 C.C.A.

Because of the natural lag in ouditing,
never catching up with current circula-
tion in an expanding industry, an avudit
for the calendar year 1953 will not be
made until the summer of 1954, In the
meantime, Caldwell-Clements, Inc, will
furnish sworn statements and post office
receipts for the current 21,000 circulation.

TELE-TECH* & ELECTRONIC INDUSTRIES is
edited for top-level engineers and execu-
tives throughout the electronic industries.
It gives the busy engineering executive
avthoritative information and interpreta-
tion of the latest developments and new
producis, with emphasis on subjects of
engineering import and timeliness. Spe-
cial attention is given to:

MANUFACTURING

—Electronic equipment, communications,
broadcasting, microwave relay, instru-
mentafion, telemetering, computing.

—Military equipment including radar,
sonar, guided missiles, fire controls.

—TV-FM-AM  receivers, phonographs,
recorders, reproducers, amplifiers.

OPERATION

—Fixed, mobile and airborne communi-
cations in commercial, municipal, avi-
ation and government services.

—Broadcasting, video and auvdio record-
ing, records, audio and sound systems,
motion picture production.

—Military, civilian and scientific elec-
tronic computing and control systems.

* Reg. U. 5. Pat. Off.
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2N36

{Actual size)

2N37

{Actual size)

2N38

{Actual size)

NOW...HERMETICALLY SEALED
CBS-HYTRON

JUNCTION TRANSISTORS

In junction transistors, the surfaces are extremely sensitive to moisture. For depend-
ability, they must be completely moisture-proofed. CBS-Hytron, recognizing this, is

OUTPUT CHARACTERISTICS
2N36, 2N37 and 2N38
Curves are shawn for I, in 5 equal steps.
*Vatue (shown for 2ZN36) will change for
each transistor type.
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GOLLECTOR VOLTS

the first to offer you the new hermetically sealed 2N36, 2N37, and 2N38 junction tran-
sistors. Each is uniquely sealed in a metal case . . . moisture-proof, contamination-proof,
light-proof. (See drawing.)

You can buy these new hermetically sealed P-N-P junction types immediately. All
are amplifier types. Have similar characteristics, except for current amplification and
power gain. You may operate the 2N36, 2N37, 2N38 up to 55°C. Their in-line design
gives you: Compact, flat mounting . . . easily identified polarity . . . solder-in or plug-in
(with clipped leads) convenience.

In addition to their unique moisture-proof feature, these CBS-Hvtron junction types
offer: (1) High gain. (2) Low noise figure. (3) Operation at low voltages. As well as
other advantages characteristic of transistors: Compactness . . . light weight . . . rug-
gedness . . . instantaneous operation . . . and long life,

Remember, CBS-Hytron hermetically sealed 2N36, 2N37, 2N38 transistors are avail-
able at once. Write for complete data. Or order now for prompt delivery.

— -

ELECTRICAL CHARACTERIST'CST
CBS-Hytron P-N-P Junction Transistors

2N36 2IN37 2N233
-6 -6 v
—1 =1 ma.

Characteristic

Collector voltage —6
Collector current
Current
omplification
foctor # 43 30 15
Power gain # 40 36 32 db
1Typical values at 25°C, #Grounded emitter
connection,

—1

NOW 3 CBS-HYTRON TEST ADAPTERS. By popular demand. Three
sizes now available at these net prices: 7-Pin Miniature, $1.45; 8-Pin Octal,
$2.25; 9-Pin Miniature, $1.75. Take advantage of e-a-s-y “‘topside” test-
ing. Order your Test Adapters today from your CBS-Hytron jobber,

CBS HYTRON Main Office: Danvers, Massachusetts

2
YTRON
Y 4

SPECIAL-PURPOSE AND TV PICTURE TUBES

Manufacturers of
Receiving Tubes Since 1921

RECEIVING ... TRANSMITTING ...
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' 72<  TO TAKE
¢ "PRODUCTION LINE

The new, superior WALL INDUSTRIAL IRONS will outperform and
outlast any soldering irons you‘ve ever tried! Exclusive thermostatic
action (without the use of fragile thermostats) controls heat so

perfectly that fusing and tip-burning are held to a minimum. Iron
stays at ‘‘on-the-button’’ production heat dll day long, day after
day. Wall lrons heat four times faster than ordinary irons. No
radionic interference while iron is in use. And Wall is more eco-
nomical to use than irons of like wattage because of heat output
efficiency! From 20 watts to 1000 watts . ., thermostatic action up
to 2600 watts. Send for catalog foday.

OVER 20,000,000 SOLDERING PRODUCTS SINCE 1864

TELE-TIPS

!

DID YOU KNOW :—There are
an estimated 26,793,000 TV receivers
in use throughout the world?

There are 80,000 TV sets in Mos-
cow and that the Soviet government
is pushing wired TV for homes? That
a deluxe set with a 9-in. screen costs
$600 in the USSR?

France will continue to broadcast
its 441-line program until 1958 to
prevent set obsolescence even though
819 lines is the present standard
adopted?

The small island nation of Cuba
has the fifth largest TV audience in
the world with 120,000 receivers?

That for more details, you can read
the complete round-up of TV statis-
tics around the world, in this issue?

LARGE COLOR TV TUBE will
be made available by Chromatic
Labs. this summer. The Paramount
Pictures subsidiary reports that they
are tooling up for a 28-in, rectangu-
lar version of the Lawrence tube.
Earlier demonstrations have shown
a 22-in. color tube operating suc-
cessfully on CBS and NTSC signals.
For a detailed description, see the
Feb. 1953 issue of TELE-TECH &
ELECTRONIC INDUSTRIES, page
71.

ATOMIC ENERGY : Who pays?
Who does the work? According to
Dr. William L. Davidson, Director
of the Office of Industrial Develop-
ment of the AEC, over 909 of the
cost of nuclear research and produc-
tion has been paid by the U. S.
Treasury. Interestingly enough, of
the more than 150,000 people pres-
ently working on atomic energy
projects, only 7,000 are direct em-
ployees of the AEC. More than 5000
companies are engaged or have been
engaged in projects for the Commis-
sion. And so far as the necessary
burden of security is concerned, al-
most 209% of the personnel working
in the atomic program spend their
full time carrying out security func-
tions.

ULTRA-ULTRA-FAST camera
developed at the U. of California’s
Los Alamos Scientific Lab can take
3,500,000 frames/second. The con-
tinuous-writing camera employs a
rotating mirror to record self-
luminous events,

(Continued on page 56)
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Type ML-4 Range
1.0 - 10.0 me. Sup-
plied per mil Type
CR-5, CR-6, CR-8, CR-
10 when specified.
Holder is phenolic,
gasket sealed. Holder
size is 1% x 12 x 1%
with .093” diameter
pins 12" long spaced
486",

The quality of Midland Crystals —which is
another way of saying the completely dependable
job they will do for you—is assured by exacting
tests and controls through every step of process-
ing. The finest precision equipment and most
advanced techniques known to the industry

are used by Midland from selection of raw quartz

. Type ML-13
to final sealing of the crystal.

Units of this type are
currently undergoing
tests on experimental
basis. The wvnit is her-
metically sealed. Pin
dimensions are the
same as our Type ML-
6. Height of can is
1'2-inch.

That's a big reason why Midland has climbed
to its present position as the world’s largest
producer of quartz crystals for use in 2-way
communications and other electronic devices.

Type ML-1A Range
20 - 150 me. Sup-
plied per mil Type
CR-1A when specified.
Holder is phenolic,
gasket sealed. Holder
size is 14" x 1" x
27 /64" with 125" di-
ameter pins 3’ long,
spaced at 500",

Midiand’s engineering staff is ready to help in
any project involving the use of crystals.

Whatsosr dal waed, cossitionad 2 theosibined,
m%%mw, ety

Type ML-10 Range
15.0 - 50.0 mc. Sup-
plied per mil Type
CR-24 when specified.
Over-all length is
1.055”. Pin contacts,
062 diameter.

MANUFACTURING CO., INC.
3155 Fiberglas Road Kansas City, Kansas

WORLD"S LARGEST PRODUCER CF QUARTZ CRYSTALS
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LEIN

Pliers

PESIGNED

FOR THE ELECTRONICS INDUSTRY

Now, Klein quality pliers are
available in new compact pat-
ternsfor precisionwiringand cut-
ting in confined space. Note, too,
the replaceable leaf spring that
keeps the plier in open position,

LONG NOSE PLIER
307-5-14L —Extremely
slim pattern ideal for
the really tight spots.
Jaws are knurled to in-
sure a positive grip.

ready for work. All are hammer
forgedfromhigh-gradetoolsteel,
individually fitted, tempered,
adjusted and tested—made by
plier specialists with a reputa-
tion for quality “since 1857.”

OBLIQUE CUTTING
PLIER — 210-5L — For

cutting small wires or

trimming plastic. Entire
length of cutting knives
works flush against cut-
ting surface. 5
or 6-inch sizes.

CHAIN NOSE PLIER
317-5L—=A full inch
smaller than standard
pattern. Has a very fine
knurl that will net dam-
age soft wire. Also
available with-
out knurl.

LIGHTWEIGHT
OBLIQUE CUTTING
PLIER 209-5 —Smaller
than 210-5L with an ex-
tremely narrow head.
Entire length of cuiting
knives works flush
against cutting surface.

TRANSVERSE END
CUTTING PLIER

204-6 —Useful in pre-
cision work where or-
dinary oblique or end
cutters are too bulky.
Gives a clean, flush cut.

ThisKlein Pocket Tool
Guide gives full infor-
mationonall typesand
sizes of Klein Pliers.
A copy will be sent
withont obligation.

“Since 1857 = -

DUCK BILL PLIER
306-5-Y2—This com-
pact plier has jaws of
sufficient width to hold
small springs, yet small
enough to form wire in
confined places.

ASK YOUR SUPPLIER

Foreign Distributor:
International Standard
Electric Corp.,

New York

& Sons

Mathias i
f ~

3200 BELMONT AVENUE,

CHICAGO 18,

ILLINOIS

TELE-TIiPS

{Continued from page 48)

28,000 channel-miles of coaxial-
cable and microwave-relay lines are
now in use by the Bell System. Of
this, 16,000 channel-miles are micro-
wave; 12,000 channel-miles are co-
axial cable. Television stations’ own

links probably account for another
3000 miles,

UNDERWATER “FARM”—A
request for two-way radio commu-
nications to assist in the manage-
ment of a 7000-acre farm in the
Long Island Sound area just south
of New Haven, Conn., is puzzling the
FCC because the “farm” lies at the
bottom of the Long Island Sound
and the crop is oysters. The owners
have applied for three base trans-
mitting stations at Madison and
South Norwalk, Conn., and Green-
port, N. Y. and 50 mobile units to
operate on 30.62 megacycles. The
system, for which Motorola equip-
ment has been proposed, will cost
an estimated $28,000. It would be
used to oversee the planting of a half
million bushels of oyster shells each
summer on underwater beds and in
shifting the oysters from bed to bed
as they grow.

CRASH LOCATER—which pin-
points the spot at which a plane
crashes, will permit rescue teams to
fly directly to the scene of the crash
without search for missing ecraft.
Developed by the U. S. Air Rescue
Service of the Air Force, the “crash
beacon locator,” as it is called, is
carried near the tail of the plane.
It can be released manually by the
pilot if he has time and, if not, the
beacon ejects itself when the plane
strikes the ground or body of water.
Through electronic circuits, it “de-
cides” when it has come to final rest,
turns itself upright, extends antenna
and begins sending distress mes-
sages. Instead of the usual SOS, the
beacon sends the serial number of
the plane and a code letter repre-
senting the time elapsed since the
plane crashed. From the serial num-
ber, rescue squads can determine
what plane crashed, how many per-
sons aboard and what type of rescue
aid is needed. This vital information
is received at several remote direc-
tion-finding stations which feed the
information into a central station.
There the operator can spot on the
map almost exactly where the plane
crashed. The beacon is encased in a
cylinder five inches in diameter and
two feet long, and the electronic
parts are protected to withstand ex-
treme shocks. The crash beacon lo-

(Continued on page 60)
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TV
CAMERA
PEDESTAL

'ew smooth action...new stability...new convenience and ease of
operation are offered in the new Houston-Fearless Television Camera
Pedestal, Model PD-3. Camera is accurately counter-balanced, making
it possible to raise and lower quickly, smoothly by simply lifting or
pressing on steering wheel, even with pedestal in motion. Three pairs
of dual-wheels assure smoother rolling-dolly shots. Two types of
steering: for straight tracking or sharp turning. All controls are within
easy reach of cameraman for maximum convenience. Dependable
Houston-Fearless quality throughout. Makes possible better, more
showmanlike productions in any studio. Write for details today.

Camera is raised
quickly, easily by
lifting on steering

Stee
HOUSTON

FEARLESS MESEESSEES
%0/ T 1_1__sos-w, q:ixm;ﬁ_cgl_\/vgg_u,(; Angeles 64

P
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E By CROSSOVER NETWORK

combines UHF and VHF

Into a Single Antenna System

The EBY CROSSOVER NETWORK
is a device designed. for insertion
between the UHF and VHF antennas
in such o manner as to minimize
interference and signal losses. The
insertion loss of this device over both
the 54 to 216 MC, VHF range, and
the 470 to 890 MC, UHF range,
is approximately 1 db which is much
less than losses obtained using dual
transmission lines and a UHF
switching unit.

The EBY CROSSOVER NETWORK
has been thoroughly field

-
Can also ;
be mointed /£
on crossarms § ‘Gneline
-to recelver

tested and gives superior

performance.

The EBY CROSSOVER NETWORK

is in production.

Samples and further
information on request.

WRITE TODAY TO:

HUGH H. INC.

4704 Stenton Avenue « Philadelphia 44, Pa.

TELE-TIPS

(Continued from page 56)

cator will work automatically on
land or water for 48 hours without
attention.

CONFUSION about new TV de-
velopments still reigns among large
segments of the public, as well as
several people who should know
better. Recent example—illustrating
the need for more popular education
on the subject—came up at a color
TV showing to an official group
studying same. Up popped one ob-
server—‘Is this what you call UHF?”

NEW CANCER hospital has been
opened on the U. of Chicago campus
at a cost of $4,200,000, provided by
the AEC. It will house all known
radiation sources for the study and
treatment of cancer. Among the
many devices being installed are a
2000 kv Van de Graafl generator, a
cobalt-60 “bomb” to provide a source
of X-rays which can be rotated
around the patient, and a linear ac-
celerator which steps up electron
beam energies to 50,000 kv, sufficient
to pass through the body.

GOVERNMENT FUNDS for re-
search cover a wide range of per-
cent-of-total research expenditures
in various industries. Highest on the
list is aircraft, 85% coming from de-
fense contracts; electronic industries
figure is 60%; chemicals obtain 7%
of their research funds from the
Government; and petroleum refining
is down to 3%.

TV HELPED—A decade ago the
annual residential bill for electricity
averaged $36.78 (for 986 kilowatt-
hours). This was about 2.39% of the
average industrial wage. Last year
the electric bill was $56.31 (for 2,004
kilowatthours—twice as many kilo-
watthours) but this bill was only
1.679% of the average wage.

HYDROCAPS are a new devel-
opment that greatly increases car
battery life. Hydrocaps contain a
catalyst which converts escaping
hydrogen and oxygen gases back in-
to water. Besides keeping water in
the battery at a safe level eight
times longer, the new caps prevent
corrosion by capturing the sulphuric
acid fumes present and washing
them back into the battery. They
also give warning of overcharge.
Hydrocaps normally operate warm
to the touch, becoming hot (around
200 degrees) when the car’s voltage
regulator needs adjusting.

(Continued on page 66)
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Here's up-to-the-minute data
. on 14 Centralab components

o e

chsl{ﬁ]-‘f_l

Lanbrafaki

Electronic Engineers. .. write for these 14 new pictorial
technical bulletins on important Centralab electronic developments

If you're one of the thousands of electronic
engineets specifying Centralab electronic
components — here's a quick way of bring-
ing your file up-to-date, These 14 new bul-
letins , . . just off the press . . . are immedi-
ately available. Fach contains essential, exact
specifications for radio TV, UHF and VHF
applications.

PRINTED ELECTRONIC CIRCUITS

"1. AUDET, PC-150 & PC-151. Centralab’s audio de-
tector plate for a-c, d-c recetver output stages. Bul-
letin 42-129.

2. PENDET, PC-160. Remarkably small PEC consist-
ing of 4 resistors and 5 capacitors requiring only
9 connections, instead of the usual 18. Bulletin
42-149,

3. MODEL 2 AMPEC, PC-200 & PC-201. A three-
stage speech amplifier smaller than the cover of
ordinary book matches. Bulletin 42-117R.

4. MODEL 3 AMPEC, PC-202 & PC-204. Postage-

stamp size three-stage speech amplifier for sub-min-
iatures. Bulletin 42-130R,
5. PENTRODE COUPLATES, PC-90 & PC-91, Even
smaller than before. A complete pentode inter-
stage coupling circuit. Bulletin 42-128R.
6. TRIODE COUPLATES, PC-70, PC-71, PC-80, PC-81,
for inter-stage audio coupling circuits., New space-
saving design. Bulletin 42-127R.
7. SMALL PLATE COMPONENTS. Tiny resistor-ca-
pacitor combinations. Seven plates, including fa-
mous ‘'Filpec,”" fit scores of miniature applications.
Bulletin 42-132.

VARIABLE RESISTORS
8. MODEL 1 RADIOHMS (R) Smallest variable re-
sistor on the market (onlY 5" dia.). Includes data
on new Hi-Torque model. Bulletin 42-158.
9. MODEL 2 EXPRESS RADIOHM. Quick-delivery,
switch-type variable resistor. Shafts staked directly
to radiohm on your order. Bulletin 42-163,

CAPACITORS

10. TYPE 950 HIGH-ACCURALY. For exacting elec-
tronic applications in r.f. circuits. Bulletin 42-123.

CENTRALAB, A Division of Glohe-Union Inc.
938-F E. Keefe Ave.,, Milwaukee 1, Wisconsin

“'Just check the items you want and we’ll see that youv get them by return mail.”’
[ 42129 (7] 42-149 [] 42-117R [] 42-130R [] 42-128R [] 42-127R [] 42-132

11. BUTTON-TYPE CERAMIC CAPACITORS. Five dif-
ferent types. solder-sealed for HF, UHF, VHF ap-
plications. Bulletin 42-122R.

12. STAND-OFF. Designed especially for by-passing
r.f. circuits to ground in low-power applications.
Bulletin 42-121K.

13. TRANSMITTING. For transmitters, other high-
voltage portable gear. Extremely compact and rug-
ged. Bulletin 42-102R.

14. BC TUBULARS. New data on dependable BC-HI-
KAPS, long preferred for by-pass coupling. Bul-
letin 42-3R.

You can depend on Centtalab electronic
componeants to maintain the high perfection
and performance expected of modern elec
tronic gear. By having full information at
your fingertips, you can be sure of keeping
abreast of the fast-changing electronics feld.
For your convenience, we've included a
handy coupon.

[ 42-158 [J 42-163 [J 42-123 [3 42-122R [] 42-102R [] 42-121R [] 42-3R

BTV
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Milwaukee 1, Wisconsin Ty o
lll Cﬂnddﬂ, 635 Queen Slree! Eusl, TOI’OH'O, Ontario L e
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TELE-TIPS

(Continued from page 60)
LIGHTNING PROTECTION—

With summer storms ahead and ra-
| dio-TV-antennas among the chief
e g lightning hazards, the National Bu-
i reau of Standards has just issued a
new edition of Code for Protection
Against Lightning, (NBS 46) spon-
sored jointly by the National Fire
Protection Association, American
Institute of Electrical Engineers, and
the Bureau. This 91-page book, price
40 cents, may be ordered from Gov-
ernment Printing Office, Washing-
ton 25, D. C.

GOLD FINISH-—D’orium, li-
censed to Miracle Finishes, Inc., (10
Water St., Brooklyn 1, N. Y.} ex-~
clusively in the United States by
Coloral, S. A. of Switzerland, gives
aluminum a gold finish which is so
realistic that it is almost impossible
to detect the difference by eye alone
between it and genuine gold. Six
shades of gold can he achieved, as
well as many other colors, all of
which have a high lustre and are
non-corrosive. The finish is promised
not to tarnish or discolor, and since
it is an integral part of the metal, it
can't chip, peel or crack. No gold
is used.

3-D MOVIES—It takes a crisis
to make Hollywood alter its ways.
Sound-pictures were old before Al
Jolson saved the day with them in
1927, when broadcasting was sweep-
ing all before it. Cinerama, Cinema-
scope, stereoscopic movies—these
too, are old in principle. Cinerama is
an outgrowth of Raoul Grimoin San-
son’s black-and-white Cineorama,
which created a sensation at the
Paris International Exposition of
1900.

Cinemascope made a deep impres-
sion in 1930 under the name Ana-
morphoscope. All the 3-D systems in
which Hollywood is displaying a
belated interest have a history that
goes back to the days of still photog-
raphy when there were no movies
at all and when every home had a
stereoscope and a collection of stereo
photographs. Three-dimensional pic-
tures, as Hollywood loosely uses the
term, are of two kinds. One depends
on engulfing the spectator in the
scene, just as he is engulfed out of
doors when he looks at a landscape;
the other depends on the fact that
we have binocular vision. Cinerama
and Cinemascope are engulfers, All
the other 3-D systems are stereo-
scopic. — Waldemar Kaempffert — in
the New York Times
1 : i OPPORTUNITY —He who seizes

RM - 7, the right moment is the right man.—

. Goethe.

IIBFCII

IIAPCH
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WHATEVER THE NEED
CHOGOSE KETAY!

Available as listed

SYNCHRO, Size 16, 0.D. 1.337”. 115 V, 400 Cvcles
(Transmicter, Receiver, Control Transformer)
INDUCTION MOTOR, 0.D. 1.750”.

115 V, 60 Cycles

SYNCHRO, Size 18, 0.D. 1730, 115 V, 400 and

60 Cycles ( Transmitter, Receiver, Differential,
Control Tronsformer)

SERVO MOTOR. 0.D. .937”, 26V, 400 Cycles

SYNCHRO, O.D. 1.437"", 14.4 V and 26 V, 400 Cycles
( Transmitter, Recelver, Resolver, Diflerential,
Control Transformer)

SERVO MOTOR Mk 7, 0.D. 1.4377, 115 V, 400

Cycles

SYNCHRO, Type 1F or 1HG, O.D. 2.2507 115 V,

60 Cycles (Receiver, Transmiter)

SYNCHRO, Size 31, 0.D, 3.107, 115 V 400 and 60

Cycles (Transmitter, Receiver, Differential,

Control Transformer)}

SYNCHRO, Size 23, 0.D. 2.250”, 26 V and 115 V 400

& 60 Cycles { Transmitter, Receiver, Resolyver,
Differential, Control Transformer)

SYNCHRO, O.D. .937", 26 V, 400 Cycles

( Transmitter, Recelver, Resolver, Differential,
Control Transformer)

LINEAR TYPE CONTROL TRANSFORMER, O.D.

1.6257, 26 V, 400 Cycles

SYNCHRQ, Size 11, 0.D. 1.062”, 26 V and 113 V,

400 Cycles ( Transmitter, Receiver, Resolver,
Differential, Contrel Transformer)

SERVO MOTOR. 0.D. 1.0627, 115 V, 400 Cycles
SYNCHRO, Size 15, 0.D. 1.437”, 26 V and 115 V,
400 Cyeles (Transmitter, Recelver, Resolver,
Differential, Control Trunsformer)
SYNCHRO, Size 19, 0.D. 1.90”, 115 V, 400 Cycles
( Transmitier, Receiver, Control Transformer)

3 phuse 2 Pole,

June
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Z CZJ/ gives you a complete variety of
\ sizes and types of Synchros and Servo Motors

K eTaY offers high precision rotary and instrument components
for most every need in the Armed Forces and Industry. As

the world’s largest producer of government approved synchros,

Ketay stands ready to solve your problems with a complete
line of synchros, servos, magnetic amplifiers, computers

and control systems.

If you are searching for a specific size or type...if availability

is a problem.

.if engineering counsel is needed...

Ketay can help. Why not join us for an exploratory discussion
of your particular problem. Write today to Dept. B

ezayMANUFACTURING CORP.

y. DEVELOPMENT

555 Broadway, New York 12, N. Y.

KINETIX INSTRUMENT DIV,
RESEARCH & DEVELOPMENT DIV,

PACIFIC DIVISION
12833 Simms Ave., Hawthorne, Colif.

VYT YSTIW . . . of precision instruments, components, and systems.
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. Fingertip control
_ of your
x5 brouadcast tube inventory

HERE'S A PROGRAM that places vital ordering and
inventory information right at your fingertips. With
just one glance you can quickly estimate the status
of your reserve tube stock.

)

Here’s all you have to do . . .

Get in touch with your RCA Tube Distributor. Tell him you
would like to take advantage of the free RCA Tube Require-
ment Analysis Program.

Your RCA Tube Distributor will survey your station equip-
ment, analyze your tube requirements, and prepare a suggested
inventory control system for your spare tube stock . . . tailored
specifically to your equipment and your operation. There is no
charge or obligation for this service.

RESULT: No shortages. No “overstocks.” Your spare tube
inventory will be in correct balance at all times.

RCA's new Tube Reguirement Analysis Is available
exclusively through your local RCA Tube Distributor.
Call or write him today. No charge or obligation.

@RADIO CORPORATION of AMERICA

@ ELECTRON TUBES HARRISON. N.J.

FRONT COVER
New Symbols

New graphical symbols for electrical
diagrams provide an excellent engineer-
ing shorthand, as well as a strikingly
artistic cover. They include two types:
Single line diagrams are intended to
show essential components and func-
tions in simplified form; Complete dia-

grams indicate the complete circuit or
system of circuits and the component
devices used therein. A given device
may therefore bhe represented by two
different symbols. In some cases, only
a Single or Complete symbol is avail-
able for a particular component, but not
both. In other cases, one symbol serves
for both Single and Complete.

Listed below are the explanations of
the symbols appearing on the front
cover, They are numbered to corre-
spond with the numbers on the accom-
panying subminiature version of the
cover. The letters in parentheses indi-
cate Single (S) or Complete (C) sym-
bols.

1. (C) Four-conductor connector,
shown engaged, has one male and three
female contacts.

2: (C) Separately excited dc gen-
erator or motor with commutating
and/or compensating field winding.

3: (8 or C) Rotating slip-ring con-
tact and brush.

4: (C) Balanced path.

5. (C) Adjustable phase shifter for
3-wire or 3-phase.

6. (S or C) X-ray tube with multi-
ple accelerating electrode, electrostati-
cally and electromagnetically focused.

7: (S or C) Resonator coupled by
aperture to a guided transmission path
and by a loop to a coaxial, with mode
supptession.

8: (8 or C) Composite anode—cold
cathode,

9: (C) Electromagnetically operated
counter with make contact. -
10: (S or C) Two-circuit pushbutton
maintained or non-spring return switch.

11: (C) Thermistor.
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12: (S or C) Disc-seal UHF triode
with internal capacitor.

13: (S or C) Transit-time split-plate
magnetron with stabilizing deflecting
electrodes and internal circuit.

14: (C) Instrument or relay shunt.

15: (S or C) Asymetrical photo-con-
ductive resistive transducer.

~16: (C) One-phase induction voltage
regulator.

17: (8) Transformer winding connec-
ti_on, 3-phase, 4-wire delta, grounded.

18: (C) Electrically operated single-
pole contactor with series blowout coil.

19: (S or C) Transformer with mag-
netic core, with shield between windings
connected to frame.

20: (S or C) Coupling by loop from
coaxial to circular waveguide with de
grounds connected.

21: (S or C) Wafer switch, 3-pole, 3-
circuit, with two non-shorting and one
shorting moving contacts.

22: (C)Polarized relay with transfer
contacts.

23: (S) Low-voltage power network.

24: (S or C) Shield within envelope
connected to independent terminal.

25. (S or C) Antenna counterpoise.

26: (C) Continuously variable differ-
ential capacitor.

27. (S or C) Switch in evacuated en-
velope, one-pole, double throw.

28: (S or C) LC circuit with infinite
reactance at resonance.

29: (C). Non-polarized female (top)
and male contacts, two-conductor.

30: (C) Triple conductors, twisted.

31: (C) Shielded 5-conductor cable,
with conductors separated for con-
venience.

32: (C) Sounder telegraph.

33: (S or C) Mode suppression in
coaxial and waveguide transmission.

34: (C) Mechanical-electric pickup.

35: (C) Speed regulator, contact
closed.

36: (S or C) 2-wire, 2-way repeater
with low frequency bypass.

37: (S or C) Multicavity magnetron
anode and envelope.

38: (S or C) Sphere gap.

39: (C) Temperature ~ measuring
semiconductor thermocouple.

40: (S or C) 10-point selector switch
with fixed segment.

41: (S or C)Directional coupler, ar-
rows indicate direction of power flow.

42: (S or C) Series terminating re-
sistor and path shorted.

43: {C) Dynamotor.

44: (S) Amplifier with external feed-
back path.

45: (S or C) Air or space path,
T46: (S or C) Multiplier type photo-
tube.

47: (C) 2-terminal, cold cathode
fluorescent lamp.

48: (C) One-phase hysteresis motor.

4%: (S or C) Transducer from rec-
tanguar to circular waveguide.

50: (C) Thermostat with break con-
tact.

51: (8 or C) Ridged waveguide.

Note: Two additional symbols have been added
to the ELECTRONIC iINDUSTRIES DIRECTORY cover
on page 195. These are at the lower right corner,
and represen! (I} rotor-excited synchro, and {r}
simple telegraph key with shorting switch.

TELE-TECH & ELECTRONIC INDUSTRIES * June 1953

Robinson Vibration

and Shock Control Mounts

SET NEW RECORDS
of DURABILITY...

MET-L-FLEX CUSHION ~
enclosed in cover spring S ] i

Robinson Engineered Mount-
ing Systems and Unit Mounts
are the most durable ever built,
They employ an all-steel, load-
carrying cushion, Met-L-Flex*,
which is fabricated in such a way
that all wires are continuous
from top to bottom. These
cushions are inherently and
permanently damped. They do
not require external damping
devices.

Met-L-Flex cushions properly
installed in Robinson Systems
do not and cannot permanently
set or pack. They are correct in
theory, durable in practice.

Long Service Record

AMERICAN AIRLINES, Inc., has
used Robinson Mounts and
Mounting Systems for three
years in its Flagship Fleetf, and
reports that not one replace-
ment has been required during

www americanradiohistorv com

Example of Robinson
Single Stage Mounting System

this period. This represents a
service life nine times as great
as mounts previously used.

Robinson Mounts are de-
signed and built for the operat-
ing life of the aircraft and the
equipment on which they are
used. Their long life and dura-
bility result in important sav-
ings of time and money for
replacements.

Proven in Experience

Specified and used by hundreds
of leading electronics, aircraft
and industrial manufacturers,
Robinson Mounting Systems
offer a proven solution to today’s
problems of vibration and shock.

For more facts and informa-
tion write for the new Visualizer
Bulletin No. 750-TT.

s+ Met-L-Flex is the copyrighted designation
for the all-metal resilient cushions developed
and pioneered by Robinson.
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3 EIMAC KLYSTRONS FOR ALL UHF-TV
3K20,000LA — CHANNELS 14-32
3K20,000LF — CHANNELS 33-55
3K20,000LK — CHANNELS 56-83

Eimac 5 kw Klystrons Offer
These Features for UHF-TV.

THREE TUBES that cover the entire spectrum, 470-890 mc. This means simpli-
fication of equipment design, economical mass production and @ minimum
of stock piling problems.

HIGH POWER AND SMALL SIZE that not only makes top performance possi-
ble but allows easy handling for maintenance and installation. In typical
operation the Eimac klystrons deliver a peak sync output of 5.5 kw., with
a collector dissipation of 14 kw., and a power gain of 20-25 db.

MASS PRODUCTION that means eerly delivery and quarantee of kiystrons in
the future. All three of the series are now coming off the production line.

EXTERNAL TUNING that increases the tuning range; eliminates mechanical
distortion of tube structure; permits use of optimum cavity construction
and provides design freedom in R-F circuits for equipment engineers.

LOW.LOSS CERAMIC CAVITIES AND COPPER-TO-CERAMIC SEALS that
eliminate off-the-air hours caused by heat and thermal shock.

FOR FURTHER INFORMATION CONTACT OUR
TECHNICAL SERVICES DEPARTMENT,

CALIFOR'N:A

Exporr Agenis{ Fruzn;n & Hansen 301 Clcy St San Frqnmsco Cuhforma

8z TELE-TECH & ELECTRONIC INDUSTRIES * June 1953
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*There isn’t the price differential you’d expect
between Clarostat standard controls and those
spectal controls you need.

Using established designs, elements and produc-
tion facilities for standard controls made by the
tens of thousands, Clarostat engineers can come
up with ingenious modifications at marked
savings to you.

AT W,

TART

Note the standard 114" carbon control that be-
came a dual-concentric with locked semi-perman-
ent settings. Or the 15/16" standard which, with

rubber gaskets, meets water-tight requirements.

Making “specials’ out of “standards” is all in the
day’s work at Clarostat, when you’re economy-

minded.

,;9 Send us those ““special’ control requirements for
the most economical solution. Engineering data,
quotations, delivery schedules, on request.

AT Controls and Resistors

CLAROSTAT MFG. CO., INC., DOVER, NEW HAMPSHIRE
In Canada: Canadian Marconi Co., Ltd., Toronto, Ontario

TELE-TECH & ELECTRONIC INDUSTRIES * June 1953
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LETTERS
— Wbat :s your Delay or Regulating Problem? (Continued from page 76)

tion.” Many commercial FM transmit-
ters use phase shift modulators. The

. . time differences observed by an MTI
For the most effective solution use the radar in moving target returns are pre-

isel ivalent t Doppl hift of
SIMPI.EST, MOST COMPACT i:;lsee y,reeflqelifc‘(:zll eri?argoeta en?eligyér ';hlis ci)s
made clear in Volume I of the M.IT

M 0 ST ECO N OM I CA I. Radiation Laboratory Series, “Ra;cialz

System Engineering,” edited by Louis
HERMETI(ALLY SEAI_ED Ridenour. On page 629 of the First Edi-
' tion of this standard work, it is shown
quite simply how the Doppler effect and
the time difference between pulses are
equivalent ways of looking at the same
thing. To quote:

“Note that the Doppler effect can be
viewed as causing a phase shift of the
echo from pulse to pulse, It is easy to
calculate this phase change and to show
that it is equivalent to the frequency
shift. The distance traveled by the tar-
get between pulses is vT where T is
the repetition period. Hence each pulse
travels a distance of 2vT less than the
preceding pulse. This is 2vT/L wave-
lengths so that the phase change is
® Hermetically sealed. Not affected by altitude, moisture, 27¢2vT/). between each pulse and the

or other climate changes. /
e Circuits: SPST only—normally

open or normally closed.

THERMOSTATIC R E L AY S
DELAY
Provide delays ranging from 2 to 120 seconds.

e Actuated by o heater, they operate on A.C., D.C, or
Pulsating Current.

next. The beat frequency is then 2v/i
as before.”

Realizing this equivalence between
the time or phase shift of the returned
pulse and a Doppler or frequency shift
makes it no longer so surprising that, as
Mr. Bachman writes, “ . . . the Dop-
pler formula . . . can tell when to ex-
pect ‘optimum’ and ‘blind’ speeds. . . .”
If it were true, as he says in the same

Amperite Thermostatic Delay Relays
are compensated for ambient tem-
perature changes from -55° to
-+70°C. Heaters consume approxi-
mately 2 W. and may be operated
continuously, The units are most
compact, rugged, explosion-proof,

long-lived, and—very inexpensive! MINIATURE sentence, that “. . . the Doppler effect
TYPES: Standard Radio Octal, and 9-Pin Miniature. does not affect MTI operation . . 0
PROBLEM'-’ Send for Bulletin No. TR-81 (Continued on page 152)

Citations for
Service to Radio
The five citations presented hy the
‘ Radio Pioneers at Los Angeles conven-
o Amperite Regulators are des1gned to keep tion of National Assoc. of Radio-TV
the current in a circuit automatically regulated Broadeasters on April 27, “to men who

. at a definite value (for example, 0.5 amp). N are making outstanding contributions
! to the radio industry today,” were as

inventions and development in the field
of electronic television.

“To Dr. E. F. W. Alexanderson—for
his basic contributions to radio and
television, including hundreds of origi-
nal techniques and devices during a
career of more than half a century.

“To John V. L. Hogan—who has the
unique distinction of having started

most inexpensive.

o For currents of 60 ma. to 5 amps. Operates follows:
on A.C., D.C., or Pulsating Current. “To Dr. Vladimir K. Zworykin—for
F e Hermetically sealed, light, compact, and his extracrdinary career and brilliant

-------- o]

VOLTAGE OF 24V | WITH AMPERITE

BATTERY & CHAHGEH: VOLTAGE VARIES

BATTERY VOLTAGE

VARIES APPROX | ONLY y
f | - a
b . long and useful career in radio by
0 1 a .
: 507 ' 270 TézL I assisting Dr. Lee de Forest in the cre-
Maximum Wattage Dissipation: T612L—5W. T9—10W., ?t:g)n of the first amplifying vacuum
ube.
Amperite Regulators are the simplest, most effective method “To Dr. Orestes H., Caldwell—for a
for obtaining avfomatic regulation of current or voltage. Her- brilliant career as an editor and pub-

metically sealed, they are not affected by changes in alti-
tude, ambient temperature (-55° to +90°C), or humidity.
Rugged: no moving parts; changed as easily as a radio tube.

Write for 4-page Technical Bulletin No. AB-51

lisher in the electrical, radio and tele-
vision fields over a period of more than
40 years.

“To Donald Manson—for a long and
fruitful career in radic and television
broadcasting in Canada, which includes
major contributions to the creation and
growth of the Canadian Broadcasting
Corporation.”

AMPERITE CO., Inc. 561 Broadway, New York 12 ,N.Y.
In Canada: Atlas Radio Corp., Ltd., 560 King St., W., Toronto 2B
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& ELECTRONIC INDUSTRIES —RADIO-TELEVISION

O. H. CALDWELL, Editorial Director #* M. CLEMENTS, Publisher * 480 Lexington Ave., New York (17) N. Y.

Training Young Engineers for Future
Executive Leadership

All reports coming from the Engineering Manpower Committee indicate
that the shortage of technical men becomes more critical each year. Yet
never have there been so many opportunities for technical men in top ad-
ministrative positions in the radio and electronic industries.

Engineering executives are needed who can coordinate science, industry,
economics, and public affairs. Our own electronic art has become so com-
plex that, more and more, a corporation’s executives must be taken from
its own ranks. At the same time, as companies grow in gize, human and
business relationships are becoming more important.

Radio engineers, concentrating on engineering problems, usually fail to
recognize their own shortcomings in broader grasp. They often deliberately
pass up opportunities for study and experience that would fit them for
general executive leadership.

Radio companies are just beginning to face this problem of technically-
qualified management. But already it is well recognized in the older engi-
neering industries. Their business leaders for some years have taken steps
to meet the situation. No longer are they willing to depend upon ‘“the crisis
method of executive selection.” Promising young employees are

(1) “Secreened” for leadership qualities and

(2) Guided into inferim posts where they will have broad training and
experience.

(3) Programs for rotating such key juniors, are formed to give wide
knowledge of company operations in the shortest time.

(4) Business extension courses are now being offered to technical men
seeking a broader base of business knowledge. Wharton at Philadelphia,
Harvard School of Business and the Massachusetts Institute of Technology
in the Boston area, the University of Pittsburgh and Carnegie Tech at
Pittsburgh, and other institutions in Chicago and on the Pacific Coast are
serving to give technical men a new grasp and understanding of the in-
dustries in which they work. Such outside training courses show engineers
the doors to executive openings.

In any group of upcoming youngsters with technical degrees, 10% or so
are likely to possess the genes of leadership and executive ability. It is
important to pick out these promising juniors early, and by inside com-
pany experience and outside business training, fit them for the heavy
responsibilities of top management.

With such a long-time plan in operation, no longer need our radio and
electronic companies depend on the now-customary ‘“‘crisis method of ex-
ecutive selection.”

TELE-TECH & ELECTRONIC INDUSTRIES ¢ June 1953 39

www americanradiohistorv com


www.americanradiohistory.com

£
. [
ﬁf‘:ﬁ;‘ o=y

Revealing Important Advances Throughout the Spectrum

of Radio, TV and Tele Communications

TRANS-ATLANTIC

“CORONATION THROMBOSIS” is the name being
tagged on TV network preparations to cover the June
2nd Coronation of Queen Elizabeth II in London.
Reason for the heart palpitations is the competitive
spirit between CBS and NBC. Both networks have
spent much money and effort preparing to get film
recordings across the Atlantic. NBC has set 6:00 PM,
a few hours after the event takes place. Each network
wants to be the first on the air with the story, and
neither wants the other to know how it is planning to
shave minutes off the transportation and processing
time. BBC is the only company permitted to telecast
the actual crowning of the Queen in Westminster Ab-
bey. RAF jet bombers are expected to fly kinescope
recordings across the Atlantic. NBC has set 6:00 PM,
EDT, as the time for their first TV program, while their
AM broadcasts will cover the ceremony live from 6:30
AM. They have also hired famed speed flier Paul Mantz
to fly filin back to the U. S. in a souped-up P-51, CBS
has also put much work into the project, and is plan-
ning to use about $200,000 worth of equipment, includ-
ing some ten 35-mm cameras, rapid film process, and
magnetic tape equipment. They have modified a Boeing
Stratocruiser so that film can be dubbed and edited
while en route from Great Britain. CBS has also altered
its electronic equipment to enable it to operate directly
from 50-cycle power lines. Regardless of which network
is first with the story, the viewing public is assured of
first-rate news coverage.

MEW HORIZONS

FINANCING INVENTORS—Bing Crosby has set
up his company for the stated purpose of helping in-
dependent inventors. This is a good idea, both for the
poor inventors and, on occasion, for Bing. There must
be many other rich persons who have established funds
for financial aid and some who actually have set up
laboratory facilities to help the friendless, small in-
ventor. Tele-Tech will attempt to collect a list of these.
There must be hundreds of inventors among our read-
ers who would be interested. In such connection, we
hope to be able to list laboratories where inventors
could come and do development work on some coopera-
tive, profit-sharing basis. The experiences of some
financiers in backing electronic inventions of indepen-
dent inventors might be included. It might encourage
more men, who can afford to take long risks with their
money, to establish Foundations to help the worthy.
Also the safeguard of technical advice regarding the
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merit of the proposed ideas should be emphasized. How
often the capitalist has been fooled by the smooth-
spoken “inventor”!

AYIATION

DME—Airborne Distance Measuring Equipment,
which uses radar techniques to measure distance be-
tween planes in flight and ground beacons of the Civil
Aeronautics Administration, will soon be made available
to commercial and private aviation by Bendix and
Hazeltine. Airborne DME operates independently to pro-
vide distance information or can be used with Bendix
electronic equipment to give pilots distance plus direc-
tion to a ground beacon. The newest aviation safety de-
vice, DME operates on the principle of measuring the
elapsed time——within highly accurate limits—of a signal
transmitted by an airplane and replied to from the
ground. Measurement of the time required for the plane-
to-ground and ground-to-plane signals is converted
electronically into a mileage reading on the pilot’s in-
strument panel. The latest-type transport planes are
being delivered with facilities provided for ready in-
stallation of the airborne DME units as soon as they are
available.

TELEPHONY
NEW DIALING SYSTEM will eventually be forth-

coming to replace conventional 10-hole circular rotatable
telephone dial. Object of the radically new system, which
is still an impressive distance away from the production
stage, is to drastically reduce the money-consuming time
it takes a phone subscriber to dial a number. During this
tirhe, the subscriber cannot receive an incoming call, and
the telephone company cannot charge the customer until
the connection is completed—even though a line is being
tied up. In order to appreciate the magnitude of the prob-
lem, consider the more than 13 million phone calls made
in the city of New York in one day. Assuming it takes 10
seconds to complete an average dialing operation, the
telephone company has been required to maintain the
equivalent of over four unit-years of unchargeable serv-
ice in just one day in one city.

To reduce this expense, and to provide more conven-
ient service for its customers, there are indications that
AT & T will eventually introduce a rapid dial system using
push-buttons instead of a circular disc. Operating proce-
dure is expected to be as follows: 1) Subscriber pushes
series of numbered buttons in order dictated by desired
telephone number, 2) Subscriber lifts receiver from cra-
dle, 3) Depressed buttons, which have individual con-
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tacts to actuate pulse or tone identification of different
numbers, automatically send signals to central switch-
board in same sequence as they were depressed. Since
the phone would be free to receive calls until the receiver
is lifted, the dialing time which ties up the line would
be cut to one or two seconds.

INVENTION
PATENTS FALL OFF—John A. Marzall, U. S.

Commissioner of Patents, reports that, figuring on a per
capita growth basis, applications for patents have fallen
back to the level of 1866. There was a continuous rise in
the number of patent applications filed in the period
from 1840 to 1921. With the beginning of the machine
age, after 1866 the number of applications filed rose rap-
idly. Then came the slump in 1921. In 1951 there were
about 4,000 less applications filed than in 1950. 1952 held
to about the same level as 1951. Had the ratio of increase
for applications filed kept pace with our population
growth since 1921, the Commissioner said, “We should
be filing congsiderably over 130,000 per year, instead of
the 60,000 filed last year.”

MANUFACTURING
COLORED CORED SOLDER is the up-and-coming

trend in the manufacture of TV and electronic equip-
ment. Primarily the various flux colors are intended to
identify the production source or circuit function. For
example, different color schemes could be used in re-
ceiver golder joints to indicate r-f, i-f and audio stages.

Production trouble points could be traced quickly by
employing a particular color on certain sections of the
production line. If different solder manufacturers use
key colors, solder alloys could be readily identified even
though they were removed from the original reels. Also,
the operator benefits by recognizing that the appearance
of the coloring matter means the joint is soldered, there-
by saving solder and preventing the overheating of com-
ponents. Already the London firm of H. J. Enthoven &
Sons, Ltd., have made available solders with red, blue,
green, yellow and purple flux cores, and more on the way.

INTERNATIONAL

FRANCE proposes eventually to build 40 TV sta-
tions to bring the programs of Television Francaise
within the reach of the entire population, Emile Hugues,
French Minister of Information, told the National As-
sembly. Such a network of stations would cost, M.
Hugues estimated, more than 20,000,000,000 francs, so
that there could be no question of its completion in
the immediate future. However, construction work is
going ahead.

In addition to the Paris station, three others will bhe
in operation this year, M. Hugues said, one at Stras-
bourg, one at Lyons and another at Marseilles. These,
together with three others—at Amiens, Nancy and
Guebwiller (Alsace)—for which funds have been ear-
marked in the 1953 budget, will enable a third of the
French population to receive TV programs.

NTSC Puts Final Refinements on Color-TV Standards for FCC Review

Left to right: Rear Row—Standing: 1. J. Melman, (BS-Columbia; John
Miller, Bendix; 1. J, Kaar, GE; J. W, Christensen, CBS; C. J. Hirsch, Hazel-
tine; L. R. Fink, GE; Robert Miller, Sentinel; W. MacDonald, McGraw-Hill;
R. Hodgson, {hromatic TV Labs; J. M. Barstow, Bell Labs; Wm. Feingold,
Emerson. Seated—Far Row:—Dr. A. N. Goldsmith, Inventer und Consultant;
A. V. Loughren, Hazeltine, Vice-Chairman NTSC; Dr, E. Engstrom, RCA Labs,
Vice-Chairman NTSC; Dr. W. R. G. Baker, GE, Chairman NTSC; D. $Smith
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Philco, Vice-Chairman NTSC; Ralph Harmon, Westinghouse; W. T. Wintring-
ham, Bell Labs; K. Mcllwain, Hazeltine; Dr, 0. H. Caldwell, TELE-TECH &
ELECTRONIC INDUSTRIES, Caldwell-Clements; Jerome Bresson, Tele King.
Seated—Frent Row:—L.M. Clement, Crosley; R, DeCola, Admiral; Dr. R. M.
Bowie, Sylvania; A. G. Jensen, Bell Labs; D. E. Harnett; John Rennick,
Zenith; R. E. Shelby, NBC. Mrs. Martha Kinzie, indispensable secretary
and “guardian angel” of NTSC, has a portrait all to herself, on page 351.
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Fig. 1: Portion of radium radiation waveform
may be selected and expanded on oscillograph

ADIATIONS emanating {rom

radium or other substances occur
at a random frequency. Consequent-
ly, it is impossible to observe such
phenomena on an oscilloscope in a
conventional manner. In order to
observe the waveforms created by
radium one method is to record them
first on a magnetic material and
then “play back” the recording at
a periodic rate so that it can be
displayed on an oscilloscope. Fig. 1
illustrates a typical radium pulse
that has been so recorded and dis-
played. 3

Alternative Method

An alternative method of record-
ing such waveforms would be to use
an oscilloscope camera to photo-
graph these pulses as they occur.
However, this method has the dis-
advantage of taking a relatively long
period of time to determine results.
By recording magnetically the wave-
form can be observed immediately;
the sweep time expanded so that
any particular portion of the curve
can be amplified and studied in
detail; and radiation or other phe-
nomena adjusted, when possible, to
give desired - waveform. Further-
more, a magnetic recording can be
analyzed in other ways, such as
determining the frequency com-

92

Magnetic Transient

Random frequency specirums, often impossible fo ob-
serve on oscilloscopes, may now be studied with new re-
corder. Pulses recorded on magnetic drum are pulse-fime-
modulated and then demodulated for playback display

BY JOSEPH RACKER Magne-Pulse Corp.
140 Nassau St., New York, N, Y.

Fig. 2: Panel view of magnefic transient recorder that transforms input info PTM pulses.

ponents in such a pulse by applying
the magnetic transient recorder out-
put to a spectrum analyzer.

When a recorded waveform is
applied to a reading head, the EMF
induced is a function of L d#/dt.
That is, the waveform is differenti-
ated. When recording sine waves,
such as speech and music, this factor
is not important since the ear can-
not distinguish between sine waves
or their derivative, cosine waves.
However, the derivatives of most
non-sinusoidal waveforms are radi-
cally different from the original
waveform. Consequently, if tech-
nigues used in conventional audio
recording were employed, it would
be necessary to integrate the output
of the magnetic recording to obtain
the original waveforms. Since cir-
cuits which act as good integrators
are effective over a limited fre-
guency range (four octaves is the

practical range with compensation),
the bandwidth of such a system is
therefore extremely limited.

Basie Problem Overcome

The Type 103 Magnetic Transient
Recorder, shown in Fig. 2, was de-
signed to overcome this basic prob-
lem. In this equipment the incoming
pulse is first transformed into a train
of pulse-time-modulated pulses.
These pulses, which have a constant
amplitude but vary in time as the
modulation, are applied to the re-
cording head. The magnetic output
is picked up by the head and the
time between the picked-up pulses
and the reference pulses are deter-
mined. Since only the timing is of
importance, the fact that the pulses
are differentiated in reading out
does not affect the system. This time
modulation is then converted back

TELE-TECH & ELECTRONIC INDUSTRIES * June 1933
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Recorder for Radiation Pulses

into the original waveform. Con-
sequently, the original waveform is
recovered exactly and hence this
device is a true transient recorder.

Pulses Fed into Modulator

An overall simplified block dia-
gram of this unit is shown in Fig. 3.
Reference pulses, obtained from the
pulse generator, are applied to the
PTM modulator. These pulses are
uniformly spaced. Each pulse is then
shifted in time by an amount that
is a function of the input voliage.
These latter pulses are then applied
to the recording head when the
switch is in RECORD position. The
pulses are then recorded on the
magnetic drum (tape can be used
for some applications) which is
driven by a motor when the start
switch is depressed. At the end of
a complete revolution, a switching
circuit (not shown in block diagram)
prevents further record pulses from
being applied to the drum.

Displeying Information

When the information is to be
displayed, the switch is placed in
PLAY BACK position. In this posi-
tion the pulses that have been re-
corded on the drum are picked up
by the recording head and are fed
to the demodulator. Also fed to the
demodulator are the reference
pulses. By comparing the two pulse
trains and passing the resultant

When the signal is no longer de-
sired, the drum can be returned to
a “no signal” condition by applying
the erasing current to the recording
head. This current is opposite in
polarity to the recording current
and effectively demagnetizes the
drum. Some of the fine points of
this instrument not shown on the
block diagram are: a “transient {rig-
ger” circuit in which the transient
voltage triggers the recording cycle
and an output voltage which triggers
the transient. Thus it is possible to
have the transient automatically
trigger the start switch or have the
start switch trigger the transient.

Detailed Desceription

Most of the circuits used in this
equipment employ standard tech-
nigues. Of particular interest how-
ever are the PTM modulator, the
recording circuit, and the PTM de-
modulator. These circuits are de-
scribed in subseguent paragraphs.

The PTM modulator consists of a
cathode-coupled one-shot multivi-
brator whose duration is a functicn
of the transient signal appled to the
grid of V2. In the absence of trigger-
ing pulses, V1 is cut-off due to the
cathode voltage developed across
common cathode resistor R6, while
V2 is conducting because its grid is
tied back to the B+ voltage. Upon
application of a triggering pulse
(waveform 1 in Fig. 4) V1 is driven

Fig. 3: (1] Block diagram of transient

to conduction and the negative pulse
developed across R4 is applied to
the erid of V2 throuzh capacitor
C2. The cycle is initiated whereby
V2 is driven below cut ofl.

Cwl-Gif Value

As capacitor C2 discharges the
grid voltage of V2 increases in the
positive direction until it reaches
cut-off and the cycle is reversed
(see waveform 2, Fig, 4). The time
required for the pulse to reach this
cut-off value is a function of the
RC constant of the circuit and the
instantaneous value of the transien
voltage at that time (waveform 3)
The output voltage obtained acros:
the plate load resistor R3 is therefore
a series of positive pulses whose
width varies as the instantaneous
amplitude of the transient voltage.

The width-moedulated pulses are
then applied to a clipper and dif-
ferentiator circuit which provide a
time modulated series of pulses, as
shown by waveform 5, corresponding
to the leading edges of the width
modulated pulses. It is these pulses
that are fed to the recording head.

Recording System

The recording system consists of
a motor, a coated brass drum, and
a recording head as illustrated in
Fig. 5. The recording head is placed
about 0.001 in. from the drum. The

voltage through a low pass filter the recorder shows how reference pulses
original signal is recovered. Note are shifted in fime by input and then
that the signal is repeated each time applied to motor-driven magneticdrum
the drum makes a complete revolu- Fig. 4: {r) PTM modulator consists of
tion so that a recurrent signal ig a cathode-coupled one-shot multivi-
btained at th tout hich brator. Width-modulated pulses of
o al¥1€ a € outpu . whnic can waveform 5 are fed to magnetic re- ?gkﬁf
be displayed on an oscilloscope. _ tording head o N
E——__'“‘,_,-‘:“;.,Li' [mp i v T I PP -V B A LA § Cl
REFERENCE /V
ERAT DEMOPI;rUMATOR
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Linri
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MAGNETIC TRANSIENT RECORDER

Fig. 5: Close-up of motor, drum ond recording head assembly

pulses fed through the recording
head are of sufficient amplitude to
drive the magnetic field beyond the
saturation portion of the curve. In
normal audio recording applications
it is necessary to operate over the
linear portion of saturation curve to
minimize distortion. However, if the
drum-to-recording head distance
varies as the drum rotates, the mag-
netization varies and the output
voltage is distorted.

By using PTM it is possible to
use the saturation portion of the
curve as the operating point since
we are interested only in the timing
of the pulses. Slight variations of
recording head-to-drum distance as
the drum rotates does not affect the
recovery of the original intelligence.
To erase, a negative pulse of current
is applied to the recording head.

PTHM PDemodulaior

The pulses picked up by the re-
cording head with the switch in
play back position is fed to another
multivibrator whose output pulse
duration is a function of the timing
of the applied pulses. The output
pulses of this multivibrator have the
same waveshape as the width-modu-
lated output pulses of the PTM
modulator. These width-modulated
pulses are fed to the demodulator
together with the reference pulses.

Irig. 6 is a simplified schematic of
the demodulator. The reference
pulses, which have a constant dura-
tion equal to an amplitude of 0.5
volts, are applied to one end of a
resistive input network while the
width-modulated pulses are applied
to the other end. Since these pulses
are applied to opposite ends, they
tend to cancel each other at the
center tap. The signal existing at the
center tap may be positive, negative,
or zero depending up the width of
the signal pulses. These pulses are
then fed to a low pass filter.

~The pulses applied to the low pass

94

(Continued)
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filter have the following frequency
components: the original transient
voltage components and the refer-
ence pulse carrier and sideband
components. The reference pulse
carrier frequency is made at least
twice the highest transient voltage
frequency so that these components
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CT PEAK DETECTOR
O — 0
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OUTP‘9
OUTRUT L AN N

Fig. 7: Low-pass RC filter and waveforms

can be separated. Therefore, the
low pass filter, which passes only
frequency components up to one-
half the reference pulse carrier fre-
quency, passes only the original
transient voltage components and
attenuates the carrier and sideband
frequencies. Consequently, the out-
put of the filter is the original tran-
sient voltage.

To obtain a better physical under-
standing of the action of the low
pass filter, consider the output volt-
age obtained from a single low pass
RC filter when a series of width-
modulated pulses are applied to its
input as shown in Fig. 7. When a
narrow pulse is applied to the cir-
cuit, the capacitor can only charge
up to a small voltage due to the
small duration of the pulse. As the

Fig. 6: Reference and multivibrator pulses combine in demodulator

pulse duration increases, the filter
output increases. Consequently, the
output of this circuit is a function
of the pulse width of the applied
signal. Of course, the RC filter de-
picted does not have a sharp fre-
quency cut-off characteristic re-
quired to recover the original signal.
The low pass filter shown in Fig.
6 does provide the frequency re-
sponse characteristic necessary to
attenuate completely all of the refer-
ence pulse energy.

Test Set-Up

A Geiger-counter is used to detect
the radiation in the test set-up. The
output of the Geiger-counter is con-
nected to the input terminals of the
Magnetic Transient Recorder. The
output of the recorder is applied to
the input terminals of an oscillo~
scope. An oscilloscope trigger output
connection on the recorder is con-
nected to the trigger input connec-
tion of the scope.

When radiation pulses are to be
recorded, the record switch is first
placed in ERASE position and then
to RECORD. At the instant that a
recording is desired the start switch
is depressed. Then the record switch
is placed in PLLAY BACK position
and the Geiger pulses recorded are
displayed on the scope.

@ihor Transients

Of course in a similar manner
other types of transients such as
appear in power lines, B+, relays,
switches. etc., can be recorded and
displayed. In addition, by the use of
additional heads, it is possible to
record a number of transients simul-
tanecuslv and plav them back one
by one. For good high frequency
response, a magnetic drum is used
to obtain greater surface speeds.
Where a lower frequency response
characteristic is sufficient, tape can
be employed.
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Filter Insertion Loss in the

10-1000 MC Range

Increasing importance of broadband, low-pass filfers,
parfticularly for r-f interference suppression, points
up need for standardized measurement fechniques

By SCOTT SHIVE, Signal Corps Engineering Labs.

Fort Monmouth, N. [.

ROADBAND, low pass filters

operating effectively in the re-
gion between 0.15 and 1000 mc
are assuming ever greater impor-
tance in the field of radio inter-
ference suppression, but at the
present time a very real problem
exists in accurately evaluating filter
performance at frequencies appreci-
ably above 10 wmc. Standardized
measurement procedures and equip-
ment are needed both by filter manu-
facturers and purchasers to check
quality of production and also as
a laboratory instrument for investi-
gating the high frequency bechavior
of experimental filters.

Pefinition

The insertion loss of a filter con-
nected into a transmission system
is defined as the ratio of voltages
appearing across the line immediate-
ly beyond the point of insertion,
before and after insertion. With
reference to Fig. 1, insertion loss of
the filter under test is the ratio of
the voltage across the load when
the filter is not present to that across
the load when the line connecting
source and load is broken and the
filter inserted. Insertion loss data
provides specific information as to
what the effect of applying the filter
between a given source and load
impedance will be on the current
into, or the voltage across, the load.
It is interesting to note that the
insertion loss characteristic of a
filter is directly indicative of the
effectiveness of the unit as a radio
interference suppression component,
inasmuch as the criterion of sup-
pression effectiveness is likewise the

degree to which high frequency
voltages existing across a given line
will be reduced by application of
the filter.

The basic measuring circuit is
shown in Fig. 2a. It consists of a
calibrated 1-f sine wave voltage
source supplying a signal through
a coaxial transmission line to the
signal generator isolation pad, thence
through a line to the filter under
test, from the filter to the receiver
isolation pad for the “filter-in” con-
dition, or directly from the signal
generator isolation pad to the re-
ceiver igolation pad for the “filter-
out” condition; and thence to the
signal detector or receiver. The
operating procedure consists of
tuning both signal generator and
receiver to the particular test fre-
quency, then the ratio of two signal
generator output voltage readings:
the first, E,, is that required to pro-
vide a convenient signal detector
indication with the filter out of the
circuit; the second, E,, is that re-
quired to provide the same signal
detector indication when the flter
is inserted. The insertion loss ratio
is then E,/E, expressed in db, inser-
tion loss is 20 log,, (E./E)).

The alternate measuring circuit,
Fig. 2b, differs from the basic cir-
cuit only by the inclusion of coaxial
switches to facilitate the tedious
operation of switching from filter-in
to filter-out.

Insirumeniation

The actual metering, that is, the
relative evaluation of signal levels,
is accomplished by the output atten-
uator of the signal generator, while
the receiver, or signal detector,
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Fig, 1:
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FILTER
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Filter insertion loss is determined by
ratio of load voltages with and without filter

functions merely as a fixed reference
point indicator. Thus, measurement
precision is independent of receiver
characteristics and depends directly
upon the signal generator attenuater
accuracy. The attenuator need not
be calibrated in absolute volts of
output, since insertion loss is meas-
ured only in terms of a ratio; how-
ever, the attenuator must accurately
indicate voltage increments. The de-
sirable characteristics of the signal
generator should include, in addition
to attenuator precision, sufficient
voltage output, the higher the bet-
ter, good shielding to minimize radi-
ation leakage, good filtering to pre-
vent r-f conduction back into the
power lines, and provision for con-
necting a standard coaxial cable to
the output. Output impedance should
be constant with attenuator setting
and preferably, though not neces-
sarily, with frequency as well. The
receiver should be sufficiently sensi-
tive, well shielded, and likewise fitted
with a coaxial antenna input. Fre-
quency drift of both signal generator
and receiver should be low. Coaxial
switches, if used, should introduce
no appreciable discontinuity in the
r-f lines.

Isoladion Pads

Since the insertion loss of a device
is a function of the impedances be-
tween which it is inserted, and
therefore measurement data are sig-
nificant only when the source and
load impedances are stated or im-
plied, it is essential that the charac-
teristics of these impedances be com-
pletely known and specified. While
in the past, a number of insertion
loss measuring systems have used
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FILTER INSERTION LOSS

20 ohms for source and load, and
while valid measurements could the-
oretically be made between any fin-
ite impedances, so long as they were
accurately known at each frequency
of measurement, it has been found
most convenient to fix the imped-
ances looking in either direction
from the filter under test at 50 ohms
resistive and to maintain them at
this value over the complete fre-
quency range of testing. If signal
generators and signal detectors were
available with exactly 50 ohms out-
put and input respectively at all
frequencies, no isolation networks
would be needed. But since such in-
struments are not generally available
today, isolation pads must be used,
as the name implies, to provide suf-
ficient isolation between the filter
under test and the signal generator
on one side and the signal detector
on the other such that 50 ohms re-
sistive is always presented to the
filter at all frequencies regardless of
the maximum impedance changes of
either signal generator or detector.
Ten db of isolation per pad is gen-
erally sufficient for usual production
testing, although for extremely pre-
cise laboratory measurements, up to
20 db may be desired. Pads should
have low VSWR, preferably not
more than 1.2 at any measurement
frequency. The commercial availabil-
ity of 10 db, 50 ohm pads with good
VSWR, less than 1.2, from dc to
1000 »c is one cogent reason for

(Continued)

acdoption of the 50 ohm standard for
source and load impedances.

When a filter is connected into the
measuring circuit between the isola-
tion network pads by means of finite
lengths of transmission line, which
include the connectors, the »-f co-
axial switches, and any sections of
connecting cable, the isolation net-
woks themselves are no longer the
source and load impedances. At high
frequencies, the true source imped-
ance insofar as the filter is con-
cerned is that looking into the trans-
mission line toward the source from
the end of the filter’s input terminal.
Similarly, the true load impedance is
that looking toward the load from
the end of the filter's output terminal.
(See Fig. 2). Since the input imped-
ance of a transmission line varies
with frequency and line length, un-
less the line is properly terminated
in its characteristic impedance, the
source and load impedances pre-
sented to the filter will likewise vary,
though the pads themselves remain
perfectly constant, unless the con-
necting lines between filter and iso-
lation pads are either very short
compared to a quarter wavelength
(one-quarter wavelength in air di-
electric is approximately 3 in. at
1000 Mc) or unless the impedance of
the lines throughout their length
matches that of the pads.

It is not always feasible to make
the connecting lines very short, so
it then becomes necessary to select

Fig. 2: Measuring circuit consists of r-f sine source, coax line, isolation pads and receiver
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connecting lines whose impedance
matches the pads. Thus, if the filter
is to be inserted between 50 ohm
impedances, the 50 ohm pads must
be connected to the filter by means
of 50 ohm cables and connectors. This
insures fulfillment of one of the fun-
damental requirements of accurate
insertion loss measurement, namely,
that the filter under test be inserted
between source and load impedances
which remain constant and known
throughout the entire frequency
range of measurement. Also, the fact
that the measurement is rendered
independent of line length by match-
ing connecting lines to pad imped-
ances is an extremely important
aspect of this system not only from
the standpoint of eliminating a source
of error but also in being easily able
to duplicate measurement on differ-
ent equipments.

Measuremeni Error

To demonstrate the magnitude of
insertion loss measurement error
that may be incurred by mismatch
between connecting line and isola-
tion pads, consider the case of a filter
measured between 20 ochm pads con-
nected to the filter through 50 ohm
lines 3 in. long. At frequencies up to
approximately 10 mc, the connecting
lines are electrically short and the
impedances as seen by the filter are
virtually the 20 ohms of the pads.
However, as frequency increases be-
yond this point the impedances as
seen by the filter also increase until
at the frequency for which the lines
become one quarter wavelength, or
approximately 1000 mMc, assuming air
dielectric line, the filter is effectively
inserted between 125 ohms instead
of 20 ohms. The filter would there-
fore appear to be as much as 6.25
times more effective or have up to
15.9 db more insertion loss than it
would actually provide if inserted
between 20 ohms. If the connecting
lines were longer or if the velocity
constant were lower, as for any solid
dielectric material, the measurement
error would begin to become appre-
ciable and the point of maximum
error would occur at corresponding-
ly lower frequencies.

Commercial Uniis

Radio interference suppression
filters as manufactured commercially
are at present furnished with a great
variety of terminals, including solder
lugs, studs, screw type, and others,
many of which are not intended for
coaxial or shielded cable connection.
Therefore a universal coupling
adapter is needed by which the iso-
lation pads may be connected through
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50 ohm coaxial lines to the filter
under test with no discontinuity in
the Jine up to the point at which the
central conductor makes contact
with the filter terminal,

One design for a universal coup-
ling adapter found to be satisfactory
is sketched in Fig. 3. In this arrange-
ment, the adapter sleeve is drawn
up tightly against the filter housing
so that the knife edge makes good
circumferential contact with the con-
tainer in a line surrounding the base
of the terminal. The 50 ohm line in-
sert is then screwed into the adapter
sleeve until the central conductor
makes contact wtih the end of the
filter terminal. The other end of the
50 ohm insert is threaded and dimen-
sioned to receive a standard 50 ohm
cable connector by which the insert
is connected through a length of
cable to the isolation pad.

Coupling Arrangement

A coupling arrangement of this
type is adaptable enough to accom-
modate a large number of different
sizes and types of filter terminals,
and with slight modification, it could
be made to fit almost any conceivable
type of terminal, large or small. Also
it fulfills the necessary requirement
of carrying the 50 ohm coaxial line
from the isolation pad directly up
to the end of the filter terminal, and
it provides for grounding the outer
conductor of the coaxial line to the
container such that the filter unit
itself, including its terminals, be-
comes part of the coaxial transmis-
sion system.

The mechanical means by which
the adapter sleeve is held tightly
against the filter container is not
critical and the method suggested in
the sketch may not be practical in
every case. It may be found prefer-
able to secure the filter firmly to a
base plate and push the adapter
sleeve up against the filter by means
of a suitable clamping arrangement.

Aeeuraey of Measurement

The overall accuracy of measure-
ment data obtained by this method
is dependent upon a number of fac-
tors each of which, with reasonable
care, may be controlled within fairly
close limits, The principal source of
high frequency error has been found
to be a frequency characteristic of
impedance looking back toward the
isolation pads from the filter under
test, caused either by a frequency
characteristic of the pads themselves
or by an impedance mismatch be-
tween pads and connecting lines, but
generally a combination of both.
However, if the VSWR of the pads

/— FILTER TERMINAL

DIELECTRIC

SPACER \

M

I 4

FILTER

CENTRAL _~
CONDUCTOR

50 - LINE
INSERT

HOUSING

Fig. 3: Universal coupling adapter. Line impedance is function of sleeve iD and terminal 0D

is held to no more than 1.2 out to
1000 mc for pads which are 50 ohms
at de, and if the characteristic im-
pedance of the connecting lines is
exactly 50 ohms, the maximum im-
pedance change seen by the filter
under test would be approximately
209%. This means, at the worst, a
measurement error of no more than
1.6 db.

Inaccuracy of calibration of the

signal generator attenuator is an-
other possible source of error, al-
though the magnitude of this error
is generally insignificantly small for
good inductive type attenuators
working at signal levels eblow ap-
proximately 6 db from maximum
output.

When relatively high output from
the signal generator together with

(Continued on page 182)

‘‘BEEP PILOTS’’ CHECK ROBOT CONTROLS ON JET

S

-

Robot controls on Lockheed QF-80 pilotless jet get pre-flight test by ‘‘beep pilots.”” The contrals,

produced by Sperry Gyroscope for the Air Force, receive beep-box radar or rodar signals from twe
ground stations or director plane, Craft is being uced in atomic bomb tests at Nevada Proving Grounds
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A New Wide-Angle Microwave

Superior performance of parabolic torus compared to paraboloid type is evident in X-
Use as beam-bender in microwave relays foreseen. Ability to handle multiple beams

] By
K. S. KELLEHER

Naval Research Lab.
| ¥ ashington 25, D.C.

LL of the microwave-optic solu-

tions considered up to the
present time for sweeping a beam
through a plane in space can be
placed in two categories. They have
either symmetry, or what might be
called partial symmetry. Two cases
are given in Fig, 1. Full symmetry
exists for the concentric lens type
(a) while partial symmetry is found

Fig. 1: Symmetrical lenses: {a) Concentric and (b} Schmidt

in the Schmidt lens type (b). In this
second case, the reflector is sym-
metrical, but the correcting lens is
not. It is evident that, if the system
is arranged to produce the desired
beam for the feed at position A, it
will produce the same type of beam
when the feed is rotated to point B.

After considerable work on both
systems, the Schmidt type has, at
the present time, been shown, to be
superior.! The possession of sym-
metry is not a guarantee of success.
The fundamental problem in the
symmetrical system is to produce a
beam with good characteristics for
any feed position, and it is difficult to
obtain perfect optical cross section
when one insists on symmetrical
components. One solution with sym-
metry and perfect optics which does
exist—the Luneberg Lens2—is valu-

Fig. 2: Paraholic torus reflecter has symmeiry without lens

98

e

able for certain problems, but has
limitations.

The solution described here con-
sists of a reflector without correcting
lens and yet has symmetry with
respect to the plane of scan. The
reflector surface is generated by
rotating an arc of a parabola about
a line parallel to the latus rectum,
as shown in Fig. 2. The feed horn for
this system, also shown in the figure,
is positioned at the focal point of the
parabola, Only one-half of the para-
bolic curve is used in this case in
order to prevent reflected radiation
from striking the feed system.

Since the surface was formed by
rotating the arc about the line AB,
it is reasonable to expect no change
in performance as the feed is rotated
about that line. If it were possible to
produce, from this reflector, a plane

Fig. 3: Photographs of two types of parabolic torus reflectors
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Reilector

band scanning applications.
indicates vnit’s economy

wavefront at any one feed position,
the same characteristic could be
obtained at other positions. It is
well known that the only reflector
which converts a spherical wave into
a plane wave is the paraboloid,
which has been found to be inade-
guate for wide-angle scanning.®
Hewever, it is reasonable to expect
that a wavefront which closely ap-
proaches a plane would produce a
pattern with good characteristics. It
can be shown that a proper choice
of the values of the {focal length and
reflector radius, f and R in Fig. 2,
will yield a surface which has a
nearly plane reflected wavetront.

fteilector Types

There are two general types of
parabolic torus reflectors. The first
is obtained from a rotation of the
parabolic arc through about 120° to
180° and is used whenever {feed
motion through angles as much as
90° is desired. In this case only a
portion of the reflector is illuminated
at any one time. The second type
of torus employs a rotation of the
parabolic arc through 60° to 80°, The
entire reflector is illuminated at all
times and so is used efficiently. The
angle of scan in this case is limited
by the increase in “coma” lobe in
a manner similar to that found for
the paraboloid and sphere.

Fig. 3 shows photographs of the
two reflector types. In both cases,
the parabolic arc has been rotated

Fig. 4: Potterns of wide-angle porvabelic forus token at X-band

SCAN ANGLE IN DEGREES

about a horizontal axis. In the case
of the fabricated reflector, each
screen support member takes the
shape of the parabolic arc. This re-
flectro has a rotation angle of 130°
while the fiberglas reflector has an
angle of 86°.

The wide-angle reflector shown in
Fig. 3 has a focal length of 9 in. and
a radius of 19.6 in. (f/R = 0.46). Pat-
terns obtained at X-band from this
reflector are shown in Fig. 4 where
they are compared to patterns from
a paraboloid. It is evident that the
parabolic torus is far superior to the
paraboloid as a scanning reflector.
The decrease in gain at the position
of 40° off center is due to the fact
that for this position some fraction
of the energy from the feed horn
was not reflected by the torus. If
greater coverage than the *=40°
shown here is required, the angle
of rotation should be increased by
a corresponding amount. For ex-
ample, a 90° coverage would be ob-
tained from a reflector whose rota-
tion was 140°.

Besides the obvious applicationt of
this reflector as a wide-angle scan-
ning antenna, it appears to be useful
as a “beam bender” in & microwave
link (Fig. 5). The present systems,
which might be used for this pur-
pose, consist of a plane reflector or
of a reflector which is a section of
a paraboloid. They appear to be
limited either by the fact that the
angle of bending is always 90° or
that different sections of a para-
boloid might be required in order
to obtain different angles of bend.
With a parabolic torus reflector and
two feed horns, the angle of bending
can be made arbitrary. The angle
between the incident and reflected
beam is equal to the angle formed
between the feed horn axes. It is not
necessary that the mounting struc-

Fig. 5: Reflector used os microwave beam-bend:

ture for this reflector be behind the
surface as shown in the figure. A
better mechanical system would be
had if a half torus reflector were
used and the mounting structure
placed in the vicinity of the feed
horns.

Second Application

A second application is found
when it is desired that a single con-
trol station should communicate
with several substations. The para-
bolic torus would be mounted so
that its circular section was in the
horizontal plane. The several feed
horns, corresponding to the several
substations, would be mounted at
proper positions in that plane.
Through this means, a group of re-
flectors is replaced by a single re-
flector with a group of feeds.

The medium-angle (fiberglas) re-
flector of F'ig. 3 has a focal length of
13 in. and a radius of 29 in. (f/R ==

(Continued on page 168)

Fig. 6: Patterns of medium-angle parabolic torus taken ot X-band
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Contrast in Cathode Ray

Faéeplafe transmission and reflection, optical contact of phosphor dre cenirolling con-
tail contrast obtained on 66 % transmission faceplate. Detail contrast half that measured
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Fig. 1:

By Jesse H. Haines
Allen B. DuMont Labs, Inc.
Passaic, N. J.

F' a substantial area of a cathode-

ray tube is scanned, and a station-
ary pattern is generated by turning
the beam completely “on” or “off,”
it will be cbserved that in those areas
corresponding to the “off” beam
there 1is, nevertheless, a certain
brightness of the raster and the dark
area. The contrast is not infinite, as
it should be, but it has a finite value.

A number of factors degrade con-
trast in cathode-ray tube images.
The principal source external to the
tube itself is the ambient room illu-
mination. Because of the straight-
forward equations involved, it need
not be further discussed here.

Of those sources of contrast degra-
dation inherent in the CRT cathode-
ray tube design itself, only a few are
electronic in nature. These include
stray electrons from the gun and
secondary emission {from the phos-
phor. In modern CRT designs, these
effects are negligible,

The chief contrast degrading fac-
tors are, in increasing order of
importance, internal bulb-wall re-
flections, screen curvature, normal
reflections and halation. These are
wholly optical in nature and may be
related to the various optical param-
eters of the CRT. All these factors
were studied in detail by R. R. Law.!
By making certain shrewd observa-
tions concerning the optical and
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photometric nature of light emission
in the tube, Law developed theories
and equations which allowed com-
putations to be made for the effects
of screen curvature, normal reflec-
tion, and halation, To arrive at these
equations, it was necessary to em-
ploy both simplifving assumptions
and a simplified geometry for the
contrast degrading factors. In par-
ticular, Law introduced the impor-
tant concept of Detail Contrast. This
is defined as the ratio of the bright-
ness between an infinitely large,
uniformly illuminated field and a
small unexcited spot centered in this
field. This is the worst possible small
area contrast condition ever en-
countered.

Conirast Equations

Law’s equations check reasonably
well with the experimental data,
thus demonstrating their wvalidity.
However, the contrast equations for
screen curvature, normal reflection,
and halation all employed the sim-
plified uniform field geometry of the
Detail Contrast definition. Hence, the
contrast degradation is caused by a
sort of hazy “skin” stretched over
the whole CRT face.

This article considers the contrast
anatomy of small-area brightness
configurations rather than the overall
“skin” effect.

With typical tubes, the major
amount of contrast degradation is
determined by the optical parameters
of the faceplate and the phosphor
deposited on it. However, if the tube
has a mirror-like metal backing on

1
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2 %7:‘ PHOSPHOR PARTICLES

Ray-fracing in CRT faceplate cross-section shows light from phosphor reflected ai gloss-to-air interface

the phosphor and is operated in a
dark enclosure, then all the previ-
ously noted contrast degrading fac-
tors are eliminated except halation
and normal reflection. Thus, our at-
tention may be confined to these
factors alone.

Of the light emitted toward the
observer, a small amount is reflected
at the glass-to-air interface, and is
termed “Normal Reflection.” This
applies to all light rays which leave
the phosphor and travel through the
faceplate at less than a critical angle,
as shown in Fig, 1.

The proportion reflected is de-
termined by an eguation due to
Fresnel which, for the normal ray,
simplifies to R = (u — 1)/(u + 1).2
This gives the usual 4% reflection
found at all glass-to-air interfaces.

Note that while some phosphor
particles are in optical contact with
the faceplate and some are not, nev-
ertheless, light from all these parti-
cles suffers the small amount of
normal reflection at the glass-to—air
interface. Note, too, that all the
light entering the faceplate from the
vacuum exits after being refracted
according to Snell’s law. However,
for the light coming from the parti-
cles in optical contact a critical
angle exists beyond which total re-
flection takes place; that is, the
light is trapped on the faceplate.

This light trapping is an experi-
mental fact. It is evidenced by hala-
tion rings, familiar to everyone.
Since the glass index of CRT face-
plates is always very close to 1.5,
the critical angle is known. Hence,
the first halation ring at about 1.8S
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Tubes

trast variables, 100:1 de-
af edge of vniform rasier

from the spot, where S is the face
plate -thickness.
It can be shown that, depending
on the 'structure of the phosphor
and the method of depositing it, the
eguivalent of usually 20 to 30% is
in optical contact with the faceplate.
Therefore, it is an interesting fact
that all the halation comes only from
phosphor in optical contact, but
almost all the viewed brightness and
the  normal reflection comes from
phosphor not in optical contact.
Another important fact is that the
light is emitted in a nearly per-
fectly diffuse manner. This is read-
ily ‘deduced by noting that the CRT
brightness does not vary appreciably
with one’s viewing position. Conse-
gquently, the relative intensity as a
function of angle is known. In pho-

Fig. Z: Scanning spet, attendant halation rings and normal reflection

Fig. 3: Graphical construction of line halation

Fig. 5: Brightness cross sections (not to scale)
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Fig. &: Edge flare in CRT screen

Fig. 4: Rrightness cross sections (not te scale)

0. SIMPLIFIED EDGE FLARE

B. SIMPLIFIED  SPOT
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CONTRAST IN CATHODE RAY TUBES (Continued)

Fig. 7: Synthesis of halation lines from appreaching fields with edge flare

tometry, this relation is known as
Lambert’s Law.

As can be seen from Fig, 1, the
contrast allowed by inhalation and
normal reflection is controlled by
three variables:

1. Transmisison of faceplate.

2. Reflection factor of phos-
phor.

3. Optical contact of phos-
phor to faceplate.

The path of a light ray which
forms halation rings may be traced
in Fig. 1. As it leaves the illumi-
nated spot in optical contact, the
ray travels at the critical angle
through the faceplate. After cover-
ing a path length of about 2.7S it
arrives back at the glass-to-vacuum
interface. The one ray shown en—
counters no phosphor particle in op-
tical contact and so it again is
completely reflected and continues
on until it finally hits at phosphor
particles. The other ray enters one
of the few nearby phosphor parti—
cles in contact, and is reflected dif-
fusely, as seen in Fig. 1. In addition
to the optical contact factor, the
halation ring brightness is thus fur-
ther determined by the reflection
factor of the phosphor. Since the
halation rays have traveled a dis-
tance at least 2.7 faceplate thick-
nesses further than the directly
viewed rays, the faceplate transmis-
sion obviously has a major effect on
halation, Other rays travel even
further. In typical tubes, it turns
out that total halation brightness
varies as well over the cube of the
faceplate transmission. On the other
hand, normal reflection varies with

102

a power only slightly higher than
the square.

The effect of the phosphor reflec-
tion factor and optical contact are
more nearly linear factors, over the
range of interest.

Fig. 2 shows the basic anatomical
element of the CRT image—the
scanning spot, and its attendant
halation rings and normal reflection.

Since the photograph pictures a
clear faceplate tube, the normal re-
flection is small compared to hala-
tion and, thus, is not easily visible.
In confirmation, note that there is
little brightness between the spot
and the first halation ring. Beyond
the first ring, the other rings de-
crease rapidly in brightness.

Infinity of Spois

Next anatomical element is the
line, which is formed from an in-
finity of spots whose halation rings
summate as halation lines at the
usual 1.8S intervals, Unfortunately,
since the printing process cannot
handle a sufficiently wide contrast
range, a subterfuge is adopted to
show graphically, in a crude man-
ner, how the line grows. The spot
is shown, Fig. 3, in a vastly simpli-
fied manner, with only one sharp
halation ring. Next, the spot grows
into a line. Note particularly that,
whereas, there was no brightness
between the spot and the halation
ring, there is now increasing bright-
ness out to the halation lines.

A large, uniformly bright field is
formed by a number of adjacent
scanning lines. Hence, the effects of

halation and normal reflection are
found at the edge of a uniform field.
Unfortunately, the anatomy of this
contrast degradation is not nearly
so distinctive as for the spot or line,
nor is it possible to satisfactorily
photograph.

Next, see Fig. 4. Sketch A indi-
cates the cross—section of the bright-
ness of a typical spot. Sketch B is
much simplified. The first ring is
pulse-shaped, while the higher order
halation rings are neglected, as is
all normal reflection. Sketch C
shows the brightness cross-section
of a line formed from Sketch B.
The halation lines are evident as is
the light filled in between them and
the scanning line. Compare this with
Fig. 3. Sketch D indicates the
brightness cross-section at the edge
of a uniform field. This, in turn,
was computed from Sketch C.

Edge Flare Formation

In Fig. 4, the field may be visual-
ized as growing from scanning lines
moving progressively to the left of
each other. Hence, the edge flare is
formed by the summation of many
curves as in Sketch C, moving to
the left. The result is a curve which
slopes rather smoothly to zero at
1.8S. This somewhat unspectacular
result was obtained from the pulse-
shaped cross-section of Sketch B.
if the more rounded shape of a
typical case, Sketch A, were used,
the edge flare would not be much
different. It can be appreciated that
the slope shape is determined prin-
cipally by the relatively uniform
spill-in brightness rather than the
halation line.

One unexpected result of the edge
flare synthesis is the slope just in-
side the bright field, where one
might intuitively expect a flat top.
The explanation of this is most in-
teresting, and will be explained
shortly. Also, it might have been ex-
pected that the edge flare would be
some sort of exponential decay
curve. In actual fact, the brightness
drops off with extreme abruptness
to a definite value and then slopes
off gradually.

Difierent Viewpoint

It is now advantageous to ap-
proach the subject from a somewhat
different viewpoint. Recall that a
large uniform field is grown from an
infinity of scanning spots. Turning
off the beam at just one spot pro-
duces a dark spot. Turning the spot
back on again, the field is again of
perfectly uniform brightness. Now,
knowing that the spot must have
halation rings, it necessarily fol-

(Continued on page 179)
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cedback Amplifiers
with Mtabilized Output lmpedances

More stable damping and termination of foad equipment now possible with ampli-
fiers incorporating combined current and voltage feedback. Applications include drivers
for recording meters, distribution systems, transmission lines and loudspeakers
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Fig. 1: {a) Simple current feedback umplifier, dnd {b) amplifier
with simple voltage feedback. Impedance is function of gain

HEN the output impedance of

an amplifier is changed by the

use of either simple current or volt-
age feedback, the impedance be-
comes a function of the amplifier
zero-feedback voltage gain. To re-
duce this dependence a system of
combined current and voltage feed-
back may be used. Use of this
method allows the velatively stable
alteration of amplifier output im-
pedance for applications where the
feedback output impedance may be
greater than, equal to, or less than
the zero-feedback cutput impedance,
When the output impedance of an
amplifier is altered through the use
of feedback, the output impedance
becomes dependent upon the zero
feedback voltage gain of the ampli-
fier; the greater the alteration made
in output impedance by feedback,
the greater is this dependence.
Thus, although initially the ampli-
fier may have had an outpuf im-
pedance totally independent of its
voltage gain, by changing the output
impedance through the use of feed-
back, the impedance now becomes
dependent upon the unstabilized
voltage gain of the zero feedback
amplifier. Since the output im-

pedance is of importance, as would
be supposed from the desire to
change it to some particular value,
it then is advisable to find means
of reducing its dependence upon any
unstable parameter such as the zero
feedback amplifier voltage gain.

A method is presented here, to-
gether with a design procedure, for
combining simple current and volt-
age feedback to reduce the depend-
ence of the output impedance upon
the zero feedback voltage gain of
the amplifier. This method has al-
lowed realization of a desired
change in output impedance through
the use of feedback with approxi-
mately a three-fold improvement in
impedance stability compared to a
sample voltage feedback arrange-
ment yielding the same impedance
change.

Theory

The following discussion will be
restricted to amplifiers with single
inverse feedback loops from output
to input terminals. It will be as-
sumed that the application of feed-
back to a given amplifier does not
alter the output impedance under
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Fig. 2: Amplifier with combined current feedback and voltuge feedhack

By NORRIS C. HEKIMIAN
National Bureau of Standards, Washington 25, D, C.

zero feedback conditions or cause

_any alteration of normal amplifier

operation other than by the intro-
duction of proper feedback voltages.
In the notation to be adopted it
should be noted that while, properly,
complex quantities should be used
in many instances, for simplicity only
real quantities will be employed.
Such simplification is generally per-
missible, especially for design-center
conditions and where the networks
have the simplicity assumed.

To simplify further discussion, the

following symbols are adopted for

use through the remainder of this

paper.
I Amplifier no-load voltage

gain

k Fraction of ouiput voltage
fed back

R Load current sampling re-

sistor, in ohms
Z Amplifier output imped-
ance without feedback, in

ohms
Zit Amplifier output imped-
ance with feedback, in
ohms
Z. Load impedance, in ohms
€q Output developed across
load. in volts
103
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FEEDBACK AMPLIFIERS

1o Load current in amperes

e Net effective input signal
to amplifier, in volts

e Input signal, in volts

1 -+ B: Amplifier voltage gain re-
duction factor for current
feedback

1 + B+ Amplifier voltage gain re-
duction factor for voltage
feedback

1 + Bo Amplifier voltage gain re-
duction for combined feed-
back

With reference to Fig. 1a, it can

be shown from elementary analysis
that the output impedance Z: is
given by

R
Zi = (Z + RY) (1 - Z+Ri>. )

From Egq. (1) it is seen that if cur-
rent feedback is used to effect any
substantial increase in output im-
pedance, Z: becomes almost directly
proportional to the unstable quan-
tity u, especially for impedance
magnification factors of five or
greater. It should be noted that the
impedance with no feedback is Z -
R and not just Z alone.

For the circuit of Fig. 1b it can be
shown by similar analysis that the
output impedance is given by, neg-
lecting the loading of R, + R.,

Zy =27/ (1 —~ uk). (2)

Inspection of Eq. (2) shows that for
large reductions in output imped-
ance through the use of voltage
feedback the output impedance is
nearly inversely proportional to the
unstable quantity ..

(Continued)

It should be possible to effect a
stable change in output impedance
of a feedback amplifier by combin-
ing the direct and inverse depen-
dencies of output impedance, upon
the unstable w. This can be accom-
plished by the circuit of Fig. 2. In
this arrangement the feedback vol-
tage appearing between the junction
of R, and R, and ground is com-
posed of current and voltage feed-
back potentials,

Neglecting the loading of R, and
R., the output impedance of the cir-
cuit of Fig. 2 can be shown to be,

1 — _#Rs
Z4+R: 1. (3)
1 —uk

Inspection of Eq. (3) shows, con-
sidering the approximation, that if
both —uR,/(Z + R,) and —uk are
made much larger than unity, Z; is
independent of y and is given by

Ze = Ri/k. (4)

Thus, it is possible to aproach com-
plete independence of output imped-
ance of a feedback amplifier from
the variations in u. Even values of
only about three for the lesser of
—uR;/(R; + Z) or —uk will result in
substantially reducing the variation
of Z; with p.

Before proceeding, it will be ad-
visable to pause and investigate the
inferences to be drawn from Egs.
(1), (2), and (3). While the depend-
encies upon the unfedback voltage
gain p have been described, it should
be observed that in all cases the out-
put impedance with feedback is still

Z[ = (Z+Ri)

Fig. 4: Voltage-impedance curves of two-stage amplifier show high stability of combined feedbatk
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a direct function of the output im-
pedance without feedback. Thus, in
each case, changes in output imped-
ance with feedback may occur in in-
stances where the zero feedback
output impedance varies due to, say,
changes in plate transformer satura-
tion, changes in the plate resistance
of the output tubes, and similar
causes. It should be noted that
changes in output impedance caused
by zero feedback gain variations are
inherently separate from those
caused by variations in unfedback
output impedance, although often
causes of changes in one result in
changes of the other as well. As an
example consider a simple triode
amplifier as affected by aging of the
tube. Generally, tube aging is mani-
fested in increased plate resistance
and lowered transconductance so
that the amplification factor remains
reasonably constant. In this case the
output impedance with feedback
changes because of zero feedback
gain reduction and because of in-
creased plate resistance of the tube.

As mentioned before, the system
presented, in common with simple
feedback arrangements, does not
provide stabilization against varia-
tions in output impedance arising
from variations in the zero feedback
output impedance. It does, however,
provide stabilization against varia-
tions in output impedance with feed-
back that arise from changes in the
zero feedback voltage gain of the
amplifier.

In view of the above discussion, it
should be clear that the system pre-
sented is well suited for stabilization
of output impedances of feedback
amplifiers whose zero feedback out-

. put impedance is inherently stable,

at least in comparison with probable
voltage gain instability., Thus, pen-
tode output stages, or triode output
stages working into plate loads much
less than the triode plate resistance,
should readily lend themselves to
the method presented in this paper.
In these cases the output impedance
of the zero feedback amplifier is
generally determined by stable pas-
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sive elements and aflected only
slightly by unstable parameters such
as the plate resistance of the output
stage, although zero feedback gain
variations are not suppressed. In the
case of multistage amplifiers with
overall feedback, the system pre-
sented is probably of greater value
since anticipated zero feedback volt-
age gain variations are compounded
by the additional stages with their
associated gain variations, while the
unfedback output impedance is gen-
erally unaltered by cascading stages
and retains the stability of a single
stage.

A special case of Eq. (3) arises
when R; = kZ/ (1 — k). Substitution
of this relation in Eq. (3) shows that
for this case

Zi =7 + R, (5)
Therefore, for the special case there
is no alteration of output impedance
by the application of feedback. Fur-
ther, it should be noted that for this
case the output impedance is totally
independent of the gain u, although
still a direct function of the zero
feedback output impedance. Thus, it
is possible to use this relation to de-
sign an amplifier with any desired
amount of feedback but without any
change in output impedance. This is
substantially the technique used by
Passman and Ward® in applying ap-
proximately 12 db of inverse feed-
back (1 + B,=4) to a theater audio
system without appreciable altera-
tion of the output impedance of the
amplifier.

Investigation of the condition of
independence of Z; from 1 shows
that in general only negative feed-
back for both the voltage and cur-
rent feedback portions will allow
satisfaction of the approximations
necessary. This arises from the fact
that for positive, or regenerative,
feedback the gain “reduction” factors
are less than unity. However, it
should be noted that special case
cited in the preceding paragraph will
still apply even when the assumed
inequalities of the general case can-
not be met. Thus it is possible to ap-
ply the special case to amplifiers
with only small amounts of negative
feedback or even positive feedback
to prevent undesired changes in out-
put impedance because of variations
of u.

Feedback Polential

Since, for the circuit presented, the
total feedback potential is the sum
of those arising from voltage and
current feedback, the reduction in
amplifier distortion, the decreased
effects of power supply and heater
variations, and many similar effects
noted in negative feedback ampli-

B N N N

NORMALIZED OQUTPUT [MPEDANCE

0.9 L |

o 100

200 300

SUPPLY YOLTAGE
fig. 5: Voltage-impedunce curves of one-stage amplifier show reduced deviantion with combined feedback

fiers are those corresponding to the
total feedback factor 1 4 B, as given
by

I+ Bo =1+ (B + B,). (6

Similarly, the limitation on maxi-
mum allowable feedback ratio, as
determined by susceptance to self-
oscillation of the amplifier through
the gain-phase shift criterion of Ny~
quist, is determined by the factor
1+ B, rather than by either of its
constituent parts. Thus, if a particu-
lar amplifier has an estimated maxi-
mum allowable feedback of 25, this
is a limiting value of 1 + B,.

Pesign Procedure

Having determined a means of
stabilizing the output impedance of
a feedback amplifier it is now pos-
sible to develop a general design
procedure. This procedure will be
rather broad to allow widest possible
application, and as a result consider-
able latitude is left to the individual
designer and engineer. The para-
meters assumed to be given in the
following procedure may not be
those offered in any specific instance
but in any event the design equa-
tions may be solved for the actual
unknown quantities by elementary
algebra.

It will be assumed that the fol-
lowing parameters are specified:
Zo, Ly Ziyw, 14+ B, and R, + R,. So-
lutions for R; and k will complete
the general design.

From a simple analysis of the cir-
cuit of Fig. 2, the amplifier voltage
gain reduction factor is found to be

,U'zo”

R.
SR S 2SN NS T T
B zuf'+z+R;[k+zo~]
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where Z,” is parallel combination
of R, + R, and Z,. If the loading of
R, + R, cannot be neglected, it is
necessary to employ new values of
Z, and Z; denoted by Z, and Z; re-
spectively and given by the following

g RitRy 7, (8)
e Zo+-R,+R,
7 (R,+Ry) :
P RS bV (9)
Z Ri+R.-7;

Using Eqgs. (7) and (3) a solution
can be found for R;

1+B0<1+_Z_ _Z
70 7y

1_—& B s+DB,
Zy Z

Employing this value of R, the fol-
lowing solution can be found for k
from Eq. (3)

L =Z-Ri (1 ) (11)
B #Zg’

(10)

k

It is well to verify that for the
general case both —uR;/(R; + Z)
and —uk are both much larger than
unity. For the special case it should
be verified that R; = kZ/(1 — k). If
these conditions are not satisfied for
the general case, a compromise
should be made in the assumed para-
meters, such as choosing a larger val-
ue of B, and redesigning. Failure to
verify the relations for the special
case indicates an error in design or
incompatible assumptions.

If operation with various load im-
pedances is anticipated, it is advis-
able to investigate the effects of such
changes in load impedance on the
operation of the amplifier. In par-

{Continued on page 148)
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A Low-Noise Amplifier for 200 MC

Use of 416A microwave triode in telemetering applications gives over 10 fo 1

improvement in

noise performance over

comparable

receiving tube. Circuit

details on insertion amplifier and timer for PPM-AM receiver given.
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Fig. 1: Grounded grid insertion amplifier

By
Robert Lowell

Electronic Scieniist
Naval Research Lab.
Washington 25,

HE telemetering ground stations
used by the Naval Research Lab.
at White Sands, N. M., in its upper-

Fig. 2: Component layout in the amplifier

atmosphere research program have
been provided with high sensitivity
receiving equipment by the use of a
recently developed Western Electric
microwave triode, the 416A, an out-
growth of Bell Tel. Labs.” 1553.* This
tube, developed for use at 4000 mc,
showed possibilities of significant
improvement in noise figure over
conventional tubes in the 227 mc
telemetering band, and was conse-
quently incorporated into two de-
vices: an insertion amplifier, and a
receiver tuning head.* 3

The 416A+ is characterized by ex-
ceedingly small element spacing

www americanradiohistorv com

which results in high transconduct-
ance and low transit-time. A g, of
50,000 micromhos is specified by the
manufacturer at a plate current of
30 ma. The equivalent noise resist-
ance (2.5/g,) is 50 ohms. An esti-
mate of the transit-time input load-
ing, deduced from Robertson’s work®
at 4000 mc, is 250 micromhos. The
product of equivalent noise resist-
ance and input conductance, a mean-
ingful figure of merit for noise per-
formance, is 0.0125. When this figure
is compared to that of a triode-con-
nected 6AKS5, which is 0.19, the pos-
sibilities of the new tube become
apparent.

Plaie Currenté Limited

In the present application the tube
is not operated at optimum ratings
because heat dissipation imposes a
limitation of plate current to 15 ma.
The g, under this condition is ap-
proximately 30,000 micromhos, but
the gain-bandwidth product remains
quite high—about 480 mc. Large var-
iations in plate current have been
observed in different tubes with the
same plate and grid voltages. Ex-
perience has shown, however, that
performance is consistent for the
same plate current, and a plate cur-
rent stabilization scheme is there-
fore used. This consists of either
grounding the cathode through a
large resistor and applying a positive
voltage to the grid, or grounding the

Fig. 3: Input-output side insertion amplifier
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grid and applying a negative voltage
to the cathode through a large re-
sistor. Tube bias under these condi~
tions runs from negative 0.1 to 0.3
volts for s 15 ma plate current using
a plate voltage of 250,

A drawback to the use of the tube
at low frequencies is its built-in
cathode series capacitor of only 40
uuf, a reactance of about 20 ohms at
200 mc. This small value of bypass
capacity defeated attempts to utilize

|

.___.,,_
i

Fig. 5: Tuner component layout

Fig. 4: Diogram of 220 MC r-f tuner

a grounded cathode circuit. It was
difficult to ground the cathode and
the circuit tended to oscillate as a
Colpitts circuit, The grounded-grid
configuration is quite stable, and in
addition, offers the possibility of in-
troducing series inductance in the
cathode input network to cancel
some of the built-in capacitive re-
actance. For these reasons, several
grounded grid amplifiers were de-
stgned and tested. The typical design,

-

wWwWw americanradiohistory com

Fig. &: Tuner has quartér-wave-line input transfermer
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AC 1500 i - -*I— 2500

shown in Fig. 1, is an insertion de-
vice, intended to operate from a 50
ohm source and to present an cutput
impedance of 50 ochms at band-center
frequency. It can therefore be in-
serted between a generator and a
receiver without disturbing the de-
gree of match to the generator or the
noise figure of the receiver; thereby
facilitating measurements. The out-
put impedance of 50 ohms is obtained
(Continued on page 166)
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High-Eificiency 90 Cathode-Ray Sweep

125 5Q, IN. B3-6T
CORE AREA
NO GAP % I75KV. AT C.0.
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Fig. 1: Horizontal sweep circuit for %0

° TV picture tubes accomplishes desaturation

of the sweep transformer core to develop full impedance for fewer turns in winding

New horizontal sweep design for wide-angle 27-inch TV

picture tubes use less pow

er than present 70° systems.

Auvtomatic desaturation of transformer core discussed

By‘ C. E, TORSCH, General Electric Co., Syracuse, N. Y.

new cathode-ray sweep system

for 90°, large screen picture
tubes has been developed to a high
standard of operating efficiency with
economy of materials, power intake,
and tubes.

This system fully sweeps the 27
EP4 (aluminized screen, 90° all-
glass, rectangular picture tube)
operated at 17 KV anode potential.
The power intake from a 250 volt B
supply is 25 watts for horizontal, 5.2
watts for vertical sweep, with a
single high voltage rectifier pro-
viding the picture tube anode sup-
ply. A single 6AV5-GT driver is
used for horizontal, a 6W6-GT for
vertical sweep; all picture tube and
driver tube JETEC limit ratings are
observed.

The 10 in, television receiver of
1949, which ushered in the ferrite
cored horizontal sweep transformer,
represented a relatively high level of

108

operating efficiency at that time,
consuming 25 watts for horizontal, 5
watts for vertical sweep at 10 KV.,
from a 250 volt B supply. Without
changing the required 50° sweep
angle, we can, in retrospect, ex-
trapolate the old system’s perform-
ance for 17 KV. anode operation to
evaluate the new 90° system per-
formance, With the original yoke re-
tained, 17 KV., 50° sweep would
have taken 309 more ampere-turn
excitation (yoke current require-
ments vary directly as the square
root of the picture tube accelerating
potential). This 309% increase in
yoke current in the original im-
pedance would have required 30%
more yoke voltage. Assuming un-
changed system efficiency, the old
sets would thus have taken 425
watts for horizontal, 8.5 watts for
vertical sweep for the original screen
coverage, but at 17 KV.

Fig. 2:
tore

90° ftfransformer with 14 sq. in.
for G6AV5-GT and 1B3-GT produces 17 kv

Present day commercial 70° sweep
systems consume 26 watts for hori-
zontal, 6 watts for vertical sweep.
Thus, it can now be demonstrated,
on a given chassis designed for
either 50° or 70° sweep, a change to
new circuitry and parts will permit
the original 250 volt power supply
and driver tubes to deliver 90°
sweep at the original anode voltage
for the same or less power input.

This result has been made possible
by a coordinated development of pic-
ture tube contour, circuit, yoke and
matching transformers. Isolation and
measurement of various sweep sys-
tem power losses has progressed
through improvements upon the
electronic wattmeter.! Means for
analyzing the exact driver tube plate
current wave in autotransformer
coupled circuits have been combined
with the wattmeter,

Wide Angle Sweep Limitations

Previous limitations on wide angle
sweep included inadequate depth of
focus on the picture tube screen and
insulation difficulties in yokes and
sweep transformers (occasioned by
excessive core and copper losses in
conventional magnetic designs).

Inadvertent saturation of the
sweep transformer core was common
in early developments. Extensive
improvements in 70° sweep yokes?

TELE-TECH & ELECTRONIC INDUSTRIES ° June 1953
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yystem
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Fig. 3: Synthesis of squared wave of driver
tube plate voltage from fundamental sine loop

and driving circuits benefited the 90°
development. Conversely, overcom-
ing certain difficulties in the 90°
system carried improvements over
into later 70° systems.

New 90° Core Considerntions

One basic output stage improve-
ment is removal of the de compo-
nent of core flux in the horizontal
sweep output transformer, One such
(Fig. 1) accomplishes autotrans-
former desaturation automatically.
In this arrangement, no gap papers
are inserted in the core joints, and
full impedance is developed for
fewer turns in a given section of the
windings as a result. A procedure
for setting up this automatic desatu-
ration is outlined below.

(1) Establish the sweep trans-
former stepdown ratio from driver-
to-damper by considerations of
sweep system effective “Q” and de-
sired sweep linearity.

(2) Set reactance of yoke-loaded
secondary at least eight times as
high as connected yoke reactance?®
at operating flux levels.

(3) Set driver-to-yoke stepdown
ratio by considerations of driver
tube surge voltage and current
limitations.

{4) Insolate yoke with coupling
capacitor producing proper center
expansion of sweep.

B

Fig. 4: Comparison of 70° and 90° shert coils (1) and their ferrite core segments {c).
At right are 50°, 70° and 90° long coils of sweep yokes at their optimum lengths

(5) Note number of turns satis-
fying above conditions between
driver and damper taps.

(6) Split low potential end of
secondary winding from main wind-
ing at this same number of turns
(determined in (§) from ac
“ground” extremity. Bridge the
winding split with a coupling capac-
itor.

(7) Shunt smaller isolated wind-
ing split in (six) with a variable in-
ductance width control (or a fixed
reactor), isolated from d.c. connec-
tion to the transformer winding start
by a capacitor.

{8) Feed B supply of output stage
through this width c¢ontrol, into
isolated section of secondary, out
into linearity coil and inverted
damper, back into upper segment of
primary to driver plate, By doing
this, opposite direct current flow
through the two equal winding sec-
tions will remove the de flux bias
on the core and result in maximum
ac reactance developed by the as-
sembly.

Previous ferrite cored output
transformers contained 0.3 square
inch core cross-section for 50° sweep
at low anode voltages. Note that the
desaturated model 90° transformer
shown in Fig. 2 requires only 0.125
square inch of core cross section for
17 ¥V sweep. The ultimate core de-
sign allowing for optional desatura-
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tion contains 0.2 square inch cross-
section.

As a further point, an octagonal
cross section of core allows 419
more iron within the same internal
diameter of coil form, than would
the older, square section. Round
cores would provide better space
utilization and higher coupling, but
are difficult to side-mold. End-
molding has been proposed, to
achieve a rounded core,

Autotransfermers vs.
Separaie Secondaries

It has been found that perform-
ance of the system is enhanced over
159 in efficiency for a given rate of
retrace by use of autotransformers
for low stepdown ratios from driver
to damper, compared with separate
primary and secondary windings on
the same core. Leakage reactance
between driver, damper, and yoke
sections of the winding is minimized
and some current cancellation occurs
in windings common to driver and
secondary loads. The primary,
tapped for secondary loading, occu-
pies less space then separate pri-
maries wound over the secondary
coil on the same sized core. Capac-
itance in a formerly outer winding is
thus reduced due to decreased
radius of the mean turn in that
winding. The secondary capacitance

109


www.americanradiohistory.com

CR SWEEP SYSTEM (Continued)

110
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Fig. 3: Partial ussembly of 90° yoke coils shows extent of coil-intline overlay on
flared portion of picture tube neck funnel. Nylon housing is omitted in photograph

Fig. é: Front and rear views of 90° sweep yoke compared with contemporary 70° yoke.
Both models are nylon cased and provide mounting for beum centering magnets at rear

of a separate coil may be said to
have disappeared completely with
the tap on the primary of an auto-
transformer providing a secondary
winding.

Barkhausen oscillations in the
driver tube are minimized with op-
timum  autotransformer coupling
more readily than in separate
secondary type windings.

The capacitance of the tertiary
(high voltage extension) winding
may be considerably reduced by
moving it to the opposite end of the
core and winding it over a spool of
smaller diameter than the primary
coil {See Fig. 2).

The above considerations for hori-
zontal sweep transformers apply less
forcefully to the wvertical {rans-
former, where the stepdown ratio
may lie between 5 and 18 to 1. It is
still slightly advantageous to use
autotransformation for such ratios.

Tuned Horizontal Windings

Many attempts have been made at
tuning the assembled horizontal
sweep transformer through adjust-
ments of the self inductances, leak-
age reactances and distributed
capacitances of the several winding
sections. Several commercial trans-
formers built in the past were
deliberately tuned to reduce driver,
damper and yoke surge voltage
peaks for a given sweep action by
the yoke.

Graphical analysis shows (Fig. 3)
that if any pure sine wave is diluted
with rising, in-phase (at the instant
of fundamental rising reversal)
third harmonic, a nearly square
topped surge voltage loop can be
effected. This squared loop will
obtain at 14-16% third harmonic
amplitude, lowering the resultant to
87% of the fundamental excursion,
without disturbing the following
period if, as in television sweep, the
half sine wave is the retrace pulse of
voke voltage, and damping is applied
after current reversal. As a voltage
surge reduction this 139 cannot be
neglected in any thorough design.

Increased amplitude of the third
harmonic alone will not further re-
duce the resultant peak amplitude
below 86.6% of the fundamental:
incomplete damping of the subse-
quent harmonic ripple energy decay
will become conspicuous in sweep
velocity modulation, with excessive
harmonic content.

This condition of timing has been
effected in the subject horizontal
sweep transformers. A single 1B3-
GT with this system develops 16 KV
anode supply under 100 2a beam
current loading. The 6AVS5-GT

(Continued on page 170}
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HEAT TRANSFER in
Subminiature Electronic Equipment

Reliable operation of airborne devices requires proper

cooling, either by conduction to a cooled plate or by

direct air convection.

Simplified design approach

shows how to use best method for a particular system

By D. T. DRAKE,

North American Aviation, Inc., Downey, Calif.

dE heat transfer problem in air-

craft electronic equipment be-
comes more difficult not only be-
cause of higher aircraft speeds, but
also because of the increasing use
of miniaturization techniques. The
cooling of these miniaturized elec~
tronic units must be a part of the
basic design if reliable operation is
to be obtained. In some respects the
requirements of small size and re-
liability are incompatible, particu-
larly as to heat dissipation. A sub-
miniaturized wunit may have one
tenth the volume of a standard-size
unit performing the same function,
with little or no reduction in the
power consumed. Heat densities, in
typical subminiature packages are
normally about 1 w/cu. in. and may
vary from % to 3 w/cu. in. With heat
densities in this range, special de-
sign is necessary to avoid excessive
temperatures,

A line of standard modular pack-
ages, which were specifically de-
signed for good heat transfer charac-
teristics, is now in use. The frames

of these units (Figs. 1 and 2) are
aluminum die castings, and are de-
signed to be cooled either by con-
duction to a cooled plate or by air
convection.

Methods of heat transfer calcula-
tion (even for extremely simple
systems) are usually complex. Also,
very few data are available in the
literature for a complex system such
as a radio chassis. Because of these
factors all heat transfer calculations
for electronic equipment are only
approximations,

The basic equation of heat trans-
fer is Newton's law of cooling:

@=hAAt (1)

where @ is the time rate of heat
dissipation and will be given here in
watts, A is the transfer area in sq. ft.,
/At is the temperature rise in °C,
and h is the heat transfer coefficient
in watts/sq.ft./°C. The electrical
analogy to this is the conductance
form of Ohm’s law. @ is equivalent
to current and A\t to voltage. By
thinking in terms of unit area heat

dissipations the area term can be
omitted, and h will then be equiva-
lent to electrical conductance.

This discussion is primarily con-
cerned with methods of calculating
or estimating this heat conductance
factor. Heat transfer is normally
classified into conduction, radiation,
and convection. Convection is further
divided into natural convection,
forced laminar convection, and
forced turbulent convection. Each of
these classes ordinarily requires a
different method of calculation, and
each will be present in some degree
in complex electronic equipment.
However, some simplifications can
be made. Forced laminar convection
is omitted in this discussion, and the
term “forced convection” will here-
after be applied only to forced
turbulent convection. Also, as the
variation of the heat conductance
for both natural convection and ra-
diation is primarily dependent upon
the temperature difference, the two
effects can be combined into a single
curve with good approximation.

Conduction Cooling

Radiation and natural convection
may be combined with conduction in
a cooling system design. This design
uses a cold plate on which the vari-
ous electronic units are mounted.
Conduction to a cooled plate will
provide satisfactory cooling in a de-
sign using subminiaturized equip-
ment of high heat density, if it is
properly heat-engineered. The de-
sign requires a careful analysis of

Fig. 1: (I} Typical modular unit. Fig. 2: [r} Experimental electronic packages with die-cast aluminum frames may be cooled by conduction or convection
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HEAT TRANSFER (Continued)

the heat flow path from the heat
producing unit to the ultimate heat
sink, Design features to be incorpo-
rated are short conduction paths,
high emissivity surfaces, and heat
shielding of low-temperature com-
ponents to protect them from direct
radiation. Where heat must be trans-
ferred across a metallic joint, smooth
contact surfaces under pressure,
with adequate transfer areas, are
required.

Heat Flow Path

The heat flow path in the unit of
Fig. 1 can be divided into four sec-
tions. The first section is the tem-
perature difference between the sub-
miniature tube and its tube shield ox
mounting clip., This temperature dif-
ference may vary from 20°C to 60°C,
depending on the heat load, the
shaping of the tube clip to fit the
tube, and the radiation emissivity
of the clip. In a typical test in which
the heat dissipation per tube was
2 w and the over-all temperature
rise above the cold plate was 85°C,
the tube hot spot temperature was
45°C above the tube shield. Because
of variability in data this particular
temperature drop can only be esti-
mated roughly.

The second section is the tempera-
ture difference between the plug-in
unit base and the cold plate and is
also largely a matter of estimating.
The heat conductance across the
contact surface will usually vary

Fig. 3: Heat conduction through 1 x 1 in. low-alloy alumihum plates

from 0.4 to 2 w/sq. in./°C, depending
upon the roughness of the surface
and upon the contact pressure. A
conductance as high as 10 w/sqg. in./
°C could be obtained with ground
and polished surfaces under approxi-
mately 50 psi pressure.

A similar situation exists in the
third section, which is the tempera-
ture drop across the fastening of the
tube clip to its mounting plate. With
2 w tube dissipation the temperature
difference was found to be about 6°C
lower when the tube shields were
soldered rather than riveted to the
back plate. The open, snap-in type
of tube shield has been found to
have better heat transfer charac-
teristics than the wrap-around type.
Apparently the double heat path to
ground of the snap-in type more
than compensates for the decreased
contact area with the tube.

The fourth section is the conduc-
tion heat path through the metal of
the tube backing plate and the base.
This section is more readily cal-
culable, and charts (Figs. 3 and 4)
have been prepared for various
standard sizes of aluminum and
brass sheet. With the high heat
densities encountered in many sub-
miniature designs, the best heat con-
ductors are not entirely satisfactory,
and heat paths must be kept short
to avoid the need for an excessive
amount of metal.

Natural convection to cooled sur-
faces can be efficient with a layout
that provides adequate freedom of

air circulation in a vertical direction.
At low heat densities it can be used
alone, and at high heat densities it
is a useful adjunct to conduction
cooling. Convective surface heights
and effective air gap spacings be-
come extremely important in natural
convection. The heat transfer sur-
faces have a boundary layer, which
is a static air film adjacent to the
surface. The heat must be trans-
ferred through this air film by con-
duction rather than convection. This
conduction loss accounts for nearly
all of the temperature drop in a
convection system if the air is
allowed to circulate freely. Measure-
ments made with a pair of parallel
plates show that the air film has
little effect beyond a 34-in. gap. With
a Y%-in. gap, one-half of the heat
transfer is by conduction and one-
half is by free convection. At closer
spacings the heat transfer rapidly
approaches pure conduction.

MeAdams® Equation

The heat conductance for natural
convection from a vertical surface
may be approximated by a simpli-
fied equation such as McAdams’
equation, in which ‘

Y
A\t
h=0.175 (T) (2)

where b is in watts, /\t is the mean
surface-to-air temperature differ-
ence in °C, and L is the height of
the surface in it. The quantity of
heat transferred from an upper hori-
zontal surface will be about 35%

Fig. 4: Heat conduction through 1 x 1 in, commerciol brass plates
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greater, and that from a lower sur-
face about 309 less, than that trans-
ferred [rom a vertical surface.

The data given in the literature
for heat transfer from closed boxes
of the type normally used for elec-
tronic equipment also include the
effect of radiation cooling. For most
painted surfaces the radiation effect
is more important than the effect of
natural convection. The color of the
paint is a negligible factor; most
oxide type paints have a total emis-
sivity greater than 909 at surface
temperatures of less than 100°C.
Polished metal surfaces have an
emissivity less than 10% and are
therefore ineffective as radiators,
although they may be quite useful
as reflectors. Fig. 5 shows the com-
bined natural convection and radia-
tion from a vertical plate.

These data may also be applied
with reasonable accuracy to a closed
box. The box is assumed to be in
ambient air of approximately 27°C
(80°F) with all other surfaces in the
vicinity at approximately the same
temperature as the air. This curve
is a theoretical curve drawn to rep-
resent a mean of various published
data. It is valid for boxes having
surface areas between 0.3 sq. ft. and
15 sq. ft. However, as in most heat
transfer work, an accuracy of 159,
in any particular application can be
regarded as reasonably good.

Forced Conveetion €Cooling

A suitable method of forced-air
cooling for subminiaturized units is
a low-velocity parallel system with
forced air in direct contact with the
heat producing components. Such a
system may save considerable fan
horsepower, compared with a high
velocity series system, as the power
required by the fan is proportional
to the cube of the air velocity. The
high efficiency of a low-velocity sys-
tem with respect to effective use of
the available air (when used with
typical electronic equipment) com-
pensates for the lower heat transfer
factors and results in less air re-
quired as well as less power. Also, a
parallel air distribution system can
be designed more easily than a series
system to distribute the air to com-
ponents in the proper quantities.
Distribution should be directly pro-
portional to the heat dissipation of
the components, resulting in a de-
crease in “hot spot” temperatures.

In this system each tube has its
own separaie air supply via a hole
drilled through the chassis into an
air duct under the unit. This air
duct is the normal underchassis
space which must be allowed for
interconnecting wiring and the

mounting of miscellaneous com-
ponents such as precision resistors.
In order to obtain proper distribu-
tion of the air, the minimum cross-
sectional area of the duct should be
3 or 4 times the total area of the
metering holes, The unit sketched
in Fig. 1 shows the metering holes
for the individual tubes. These hole
sizes vary from % in. to %s in. in
diameter, depending upon the watt-
age dissipated in the individual
tubes,

The quantity of air required de-
pends upon the quantity of heat and
the allowable air temperature rise.
This assumes that the exit air has
the same temperature for each of
the parallel paths, which is true only
where the metering holes have been
precisely sized. By assuming an air
temperature rise of 14°C (25°F), a
simple relationship between the heat
guantity and the air quantity is ob-
tained. The air quantity in lbs./min.
is equal to the wattage divided by
100. This allows a 5% margin for
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Fig. 5: Combined natural convection and rodia-
tion characteristics from a vertical plate

uneven temperature distribution.
Pounds of air are converted into
cu. ft. by multiplying by 14 at 35°C
and by 15 at 57°C.

The heat conductance in the ar-
rangement of Fig., 1 appears to be
better than the theory would indi-
cate, partly because of some conduc-
tion to the air duct and partly be-
cause of the high turbulence of the
air as it impinges directly on the
tubes. A modified form of the
Nusselt equation provides a simple
method of calculating the heat con-
ductance because it eliminates the
necessity of calculating mean air
velocities across the various heat
transfer surfaces. This equation is

CL
h= T (CF)s  (3)
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where h is heat conductance in
w/sq. £t./°C; C is a general constant
which will hold for a general type
of configuration, but which will vary
with the assumptions made in de-
termining the heat transfer area and
the mean temperature difference of
Eq. 1; L is length of the air duct
through the package in ft.; V is free
air volume within the air duct in
cu. ft.; F is air flow in cu. ft/min;
and C. is the air constant, derived by
combining the air properties®of the
Nusselt equation.

Values of the general constant, C,
should be determined experimen-
tally for each configuration type. No
values for this constant are included
here, as it is tooc much dependent
upon arbitrary assumptions as to
mean temperature difference and
effective heat transfer area in com-
plex electronic equipment.

The air constant, Cs, varies with
the temperature and pressure of the
air. The wvariation with temperature
at sea level pressure is shown in
Fig. 6. The variation with pressure
is a direct proportionality, which
would result in the heat conductance
varying as the 0.8 power of the air
pressure relative to sea level. The
altitude effect is therefore greater
for forced convection than for na-
tural convection, With natural con-
vection the heat conductance varies
as the square root of the air pres-
sure.

Air-Cooled Equipmeni;

Air-cooled electronic equipment
in modern high speed, high altitude
aircraft must operate in a wide
range of ambient conditions. These
wide extremes of air temperatures
and air densities complicate the de-
sign of any scheme of cooling with
external air. Both a ram-air system
and a fan are essentially constant
volume devices and will deliver
about the same volume of air at all
altitudes. This rule will be modified
by variations in efficiency and in fan

(Continued on page 154)
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By SIEGFRIED R. HOH

Components & Systems Laboratory
Weapons Components Division
Wright Air Development Center

Dayton, Ohio

PART TWO
of TWO PARTS

Part One of this article, published
in the May 1953 issue of TELE-
TECH & ELECTRONIC INDUS-
TRIES, describes the performance
characteristics of core materials and
magnetic amplifiers. In this second
and final part, the author presents
circuit design considerations.

Unlike vacuum tubes, however,
the output current is gradually in-
creasing again at increasingly nega-
tive control after passing through a
minimum (exciting current), In
this negative portion of the charac-
teristic the amplifier is non-self-
saturating. A comparison of both
portions gives an immediate com-
parison between the performance of
the simple and the self-saturating
magnetic . amplifier. Characteristics
of Fig. 13 are suitable for ac signals
because the middle of the linear
portion coincides with zero control.
For de signals or class C operation,
a bias will be desirable. A biasing
magnetizing force can be obtained
from: (A) an additional bias wind-
ing fed from a dc source (Fig. 14);
(B) a hattery in the control circuit
(Fig. 15); (C) a permanent magnet.

Core Combinalions

Practical self-saturating magnetic
amplifiers also use such core combi-
nations as shown in Figs, 6 through
8. The main objective is the
achievement of a full wave opera-
tion. A practical amplifier circuit is
presented in Fig. 14. It derives from
Figure 9 by addition of two half
wave rectifiers and a bias winding.
It should be noted that the load in
Fig. 14 still draws alternating cur-
rent even though rectifiers are em-
ployed. If a direct current or de-
modulated output is required, cir-
cuits of Fig. 15 or 16 can be used.
The load circuit of Fig. 15 represents
a bridge with the load as cross arm.
This bridge circuit resembles the
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Magnetic Amplifiers

familiar full wave rectifier bridge as
employed in Fig. 10. Full wave rec-
tification can also be obtained with
only two rectifiers if a power supply
with center tap is provided. This
well-known rectifier circuit leads to
the circuit of Fig. 16 where dec out-
put is achieved with not more than
the two rectifiers necessary for
achieving self-saturation.

Many control applications, such as
self-balancing and self-positioning
systems, require an amplifier which
reverses its output with the input
and gives zero output for zero input.
This can be achieved by connecting
two amplifiers (of the type shown in
Iig. 14) according to Fig. 17, so that
the output of both are opposing.
Two individual amplifier character-
istics and the resultant characteristic
are as indicated in Fig. 18. The re-
sultant load current passes through
zero and reverses with the polarity
of the input. Both de and ac output
can be had with the amplifier type
illustrated in Fig. 17,

Center of Symmeiry

Fig. 19 shows a push-pull ampli-
fier which has essentially the same
characteristic as shown in Fig. 185
In addition, it has a center of sym-
metry about which voltages fluctu-
ate. The required ‘“coupling resist-
ors,” however, dissipate more power
than drawn by the load. Push-pull
amplifiers can be used advan-
tageously for audio amplification
with a center tapped output trans-
former as load.

Other amplifier types which are
not so generally used shall be only
mentioned here. For more informa-
tion, references are given. An
amplifier in which the output is

Fig. 14: Self-saturating amplifier, ac output

Circvits, general characteristics and applications of magnetic
amplifiers reviewed and compared to electronic amplifiers

taken off the control winding gives
a second harmonic output and is
particularly suitable for lowest dc
signals.? ® _

The introduction of capacitors
into the magnetic amplifier leads to
further meodifications and possible
increase in gain by utilizing reso-
nance.”

Three or multiphase amplifiers
have the advantage of less ripple in
the dc output. They are among stan-
dard commercial types.®

The time constant IS an expres-
sion for the response time upon ap-
plication of a dc signal. The time
constant of a simple inductor is
given by the constant L/R. With
magnetic amplifiers, time constants
are determined by control, load,
bias, feedback circuits, and other
minor factors.

Analysis and test also reveal that
the time constant T of magnetic
amplifiers is not constant in terms
of time but constant rather in terms
of periods of the applied ac power.
This result can be written:

~ =nT (19)
where n is the number of cycles and
T is the period of the applied ac
power. T is defined as the time re-
quired to reach 63% of the steady
state amplitude.

Fig. 15: Self-saturating ampilifier, de output

According to the above relation,
the time constant of a magnetic
amplifier could be made as low as
desired by using a power source of
a high enough frequency. Generally,
however, the power source will be
given and its frequency will be low
(60 or 400 cps). Commercial models
have time constants of a few cycles.
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There are means to reduce the
time constant at a given power {re-
quency. A formula for the time con-
stant of the simple series connected
magnetic amplifier under simplify-
ing assumptions reads:

2

= _1471%% %(see also Table 11} (20)
This relation indicates which meas-
ures lead to a reduction of the time
constant, E.c. reduction of control
windings N, increase in control cir-
cuit resistance R, etc. However, all
of these reduce the gain, too. Other
factors reducing the time constant?
are:

1. Series connection of load wind-~
ings instead of parallel connection.

2. Positive  feedback, negative
feedback.

3. Smoothing condenser across dc
load resistance.

4, Cascading.

It is shown that by cascading of sev-
eral amplifier stages, the gain is
equal to the product of the separate
gains while the +time constants
roughly add up. Thus, the ratio of
gain over time constant becomes
better by cascading.

It can be seen that figures for a
high gain or a low time constant
alone do mnot characterize a good
amplifier. A gain of one million can
be achieved in a one stage ampli-
fier; however, this is possible with
a high time constant only. Low {ime
constants around 1 cycle can also be

Fig. 1é:
amplifier

Full-wave -seif-saturating magnetic
providing  direct-current  output

realized at low gain. A better char-
acterization of magnetic amplifiers is
given by the ratio of gain over time
constant. Commercial amplifiers
have a ratio of power gain over time
constant in cycles in the range from
15 to 500,

Ouiput Power Ranges

Like other electronic systems, the
frequency range of a magnetic
amplifier is closely related to the
time constant. A “brealk” frequency
f. has been defined as the frequency
at which the amplifier response has
dropped to 71% or 3 db below the

dc response, The relation between
this break frequency, time constant,
and power frequency f is:*®
;
° T 2mn ()
Aside from the modulator charac-
teristics, this ecuation, too, limits
the signal frequencies to those well
below the power source frequency.
In summary, two factors favor the
use of high power source frequen-
cles:

Fig. 17: Example of self-saturating magnetic
amplifiter  circuit  with  reversible polarity

1. Achievement of a low time con-
stant.

2. Achievement of a wide signal
Irequency range.

It has been pointed out that fer-
rites have to be used for high fre-
quency applications, With such ma-
terials, magnetic amplifiers have
been operated up to the megacycle
range, The requirement of a power
source of even higher frequency,
however, makes the application of
magnetic amplifiers for radio fre-
quencies less practical. Conse-
quently, only experimental appli-
cations have become known. An-
other factor restricting the applica-
tion of high power magnetic ampli-
fiers with respect to frequency range
is the dry disc rectifiers. The disc
area required is proportional to the
current flow. The capacitance be-
tween the discs, however, is also
proportional to the disc area. The
disc capacitance represents a limit-
ing factor for magnetic amplifiers in
the kilocycle range,

A rough outline of the field of ap-
plication. with respect to power and
frequency is presented in Fig. 20. At
low frequencies, the maximum
power for which magnetic amplifiers
can be built is almost unlimited. The
available power frequencies of 60
or 400 cycles represent the first lim-
iting factors. The rectifier capaci-
tance is a more fundamental limita-
tion, unless high current electronic
rectiflers are to be used. At high
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frequencies, the rectifier used, such

‘as a crystal diode, limits the maxi-

mum power output.

Minimum signal levels of ampli-
fiers are generally limited by noise
levels. Noise levels of magnetic
cores are determined by the Bark-
hausen noise. Various theoretical
and experimental investigations of
core noise levels have been made.
According to Williams and Noble?,
the results of these investigations
can be summarized as follows: Noise
level less than 101° watts per cycle
bandwidth, zero error 5 x 10V
watts, variations of 3 x 10-% watts
over periods of two hours.

These results can hardly be real-
ized with practical magnetic ampli-
fiers. Noise levels due to power sup-
ply and rectifiers {(if any) are usu-
ally higher than these figures. In
addition, line voltage, wave shape
and frequency wvariations, aging of
components, and temperature varia-
tions restrict the minimum input
level. At the present time, practical
minimum input levels are consid-
ered to be 1010 {0 10-* watt.

Nop-Linear Curve

In discussing wave shape and dis-
tortion, it shall be recalled that the
magnetic amplifier operates as a
modulator. Hence, it should be
clearly distinguished between the
power or ‘carrier” frequency and
the signal or “envelope” frequency.
The utilization of s non-linear mag-
netization curve indicates that the
output wave shape of the carrier wiil
be distorted. This can also be seen in
Fig. 12. Relatively low carrier dis-
tortion, if desired, can be obtained
by operating according to Fig. 2 or
by other measures.i?

Generally, the signal or envelope
frequency is the only concern. The

‘signal is obtained after rectification

(Continued on page 176)
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\-Band Sweep Generator

Specially developed instrument measures fre-
quency response of traveling-wave tubes and
S-band components without tedious process of
point-by-point readings. Fixed and thermally-
tuned klystrons provide 1000-MC sweep

By ROY E. LARSON, Naval Research Lab., Washingion 25. D.C.

HE design of an S-band sweep

generator and test set arose from
the need of obtaining measurements
of the frequency response of travel-
ing-wave tubes and S-band com-
ponents without the tedious process
of point-by-point measurements. It
was decided that a 1000-mc sweep
centered at 3100 mc would be most
advantageous for the apparatus to
be tested. It was also desirable that
the output be as flat as possible over
this 1000-mc range and that the en-
tire unit be compact and without
moving parts.

The S-band f{requency sweep is
obtained by mixing the output of
two K-band klystrons in a K-band
mixer. One klystron is set at a fixed
frequency and the other is thermally
tuned by means of a pulse applied
ter its thermal grid causing it to
sweep over a 1000-mc range.

A thermally-funed type 2K50 re-
flex klystron provides a signal which
sweeps from 23,500 to 24,500 mc. A
Raytheon type QK-306 velocity
variation klystron employing a self-
contained cavity provides the fixed
frequency signal. This tube is me-
chanically tunable from 18,000 to

22,000 Mc. When the QK-306 kly-
stron is set at 20,900 mc, it provides
an S-band center frequency of 3100
Mc for a 1000-mc band as the 2K50
klystron sweeps from 23,500 to 24,-
500 mc. The QK-306 fixed-frequency
klystron is square-wave modulated
to facilitate detection by means of a
tuned amplifier.

Ampliinde Variation

Since variations in the output
amplitude of the mixer are primarily
dependent upon variations in the
weaker signal entering the mixer,
the fixed-frequency signal was made
the weakest so that variations in
the output of the 2K50 klystron as
it swept over its range would have
a small effect on the amplitude of
the S-band output. The output of
the 2K50 klystron is fed directly into
the mixer and is intentionally main-
tained at its maximum power to se-
cure a nearly constant conversion
efficiency although relatively large
variations may occur in its output
as it sweeps.®! This procedure also
permits a greater output from the
mixer because the fixed-frequency

CRYSTAL CURRENT
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TUNED | |
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Fig. 1: Block diucgram of S-hand sweep generator and test set with 1000 MC sweep hand '
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i-F FREQUENGY {MC)

signal can be set at a high level
while still maintaining a satisfactory
ratio of local oscillator power to
signal power. Unfortunately, this
ratio also results in a higher noise
figure, but this is outweighed by
the advantages of maintaining a con-
stant and greater mixer output
power over the band.

The power from the 2K50 klystron
in conjunction with the smaller
power from the QK-306 klystron
causes a crystal current of approxi-
mately 4 ma., However, no crystal
failures have occured to date as a
result of the relatively large crystal
current. A block diagram of the
system is shown in Fig. 1.

Warveguide Circuiiry

A variable attenuator in the out-
put line of the QK-306 klystron
serves to control the output of the
mixer. This is a commercial flap-
type attenuator using a resistance
card disc as the absorbing element.

The mixer is a broadband cross-
bar type using a 1IN26 crystal. The
crystals may be readily inter-
changed. Both Sylvania and West-
ern Electric crystal units have been
used satisfactorily. Although a
means is provided in the crystal
mounting for varying the insertion
of the crystal for tuning purposes,
this adjustment is not critical and
different crystals have given almost
identical responses.

The directional coupler, built to
couple the 20,900-mc signal to the
mixer, is simple double-slot coupler
with a quarter-wave slot spacing.?
It was designed to have a coupling
coeflicient of 9 db.

A type-N connector on the mixer
output couples to a broadband co-

24,500 L L —
400 CAVITY comm)\cnow
200 (COOLING >/7
200 V/A
100 fé7
24,000 / ‘
/QAVITY EXPANSION
900 A / (HEATING)
800 // L
-
600 L
1500 L
0 02 04 06 08 10 12 14 6
TIME (SEGONDS)

Fig. 2: Thermal toning characteristics of 2K50
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and Test Met

axial stub support which provides a
return for the crystal current and
may be used to monitor the current.?
A series capacitance is introduced
into the coaxial line at the stub out-
put terminal and is made a part of
the stub structure. This section has
a negligible offect on the mixer out-
put signal, but it prevents the crystal
current motor from being short cir-
cuited if the system should be ope-
rated into a device which is a dc
short circuit.

A 6-db metalized-glass attenuator
is placed between the stub and the
output terminal of the test set so
that the output impedance of the
mixer remains fairly constant and
reflections reaching the mixer from
the load are negligible in normal
operations.

Silicon crystals at microwave fre-
quencies are much more frequency
sensitive than bolometers and are
also less uniform in their charac-
teristics.? For these reasons it was
decided to use a bolometer as the
detector of the S-band sweep al-
though its sensitivity is much less.
To avoid the use of dc amplifiers
and the drift problems of bridges,
the output of the QK-306 is square-
wave modulated by a symmetrical
multivibrator. The demodulation of

amplified with a conventional tuned
amplifier. The bolometer used as a
detecting element is the PRD type
631-C contained in the PRD type
627-A bolometer mount. The fre-
quency response of this bolometer
and mount is at least as good as the
mixer output over the range of fre-
quencies used in this test set.

Thermal Tuning

It is desirable that the frequency
vs time relationship of the klystron
sweep be as linear as possible so
that the {requence response as
shown on an oscilloscope will have
a linear frequency base. Tests made
on a 2K50 klystron indicated that
the variation of frequency with time
was not linear when a square pulse
of voltage was applied to the ther-
mal grid causing it to sweep over a
frequency range. This is shown in
Fig. 2. The change of frequency with
time when the klystron is sweeping
from a lower to a higher frequency
does not correspond to the change
when sweeping back from the higher
to the lower frequency. This fact is
apparently due to the unequal rates
of heating and cooling of the {re-
quency-determining element in the
2K50 klystron. In this test set, only
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fig. 3: Thermal tuning chardacteristics of 2K250
klystron after mixing with 20,9006 MC signal

frequency is used. Over an observed
range of 1000 mc, Curve A of Fig. 3
was obtained at the mixer output
frequency when the 2K50 thermal
tuning grid was pulsed with a —13
volt square pulse of 5-second dura-
tion. By slowing down the rise time
of the pulse by integration it was
possible to obtain a nearly linear
variation of frequency with time
covering 1000 mc in 4 seconds. This
is shown in Fig. 3, Curve B.

To maintain the output of the
2K50 klystron at the optimum power
level during the 1000-mc sweep, the

the bolometer bias current is then the sweep from the lower to upper klystron reflector wvoltage is also
Fig. 4: Klystron and oscilloscope sweep circuit consists of free-running, double screen-coupied phantastron
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'S-BAND GENERATOR

(Continued)

Fig. 5: Transmission characteristics of 250
MC handpass filter on wideband position

swept so that the output power is
at a maximum during the entire
sweep. The same circuit that fur-
nishes the pulse for the thermal
tuning furnishes this reflector sweep
and also provides a linear sweep for
the oscilloscope. The circuit used to
provide the necessary wave forms
is a free-running, double screen-
coupled phantastront* shown in
Fig. 4.

Two sweep ranges are provided,
one of which sweeps over a full
1000-mc range centered at 3100 mc
and another which provides a nar-
rower sweep whose center fre-
quency is continuously variable and
can be set at any frequency within
a 1200-mc band by means of a single
control. It is possible to increase the
overall range on the narrower
sweeps to cover a region from 2600
to 3800 mc. The frequency range of
the narrowband sweep is about 100
Mc wide at the lower end of the
region and increases to about 175
Mc at the upper end of the region.
The narrow sweep is particularly
useful for observing narrowband
components and portions of broad-
band components.

Oscilloscope Presentaiion

The demodulation component of
the bolometer current is amplified
with a tuned amplifier having a
twin-T {requency
work.? The tuned amplifier has two
inputs either of which may be
selected by a switch on the front
panel. The bolometer detector is
permanently connected to one input
and the other is available to be used
with other detectors, or a frequency
meter may be connected to it to
provide frequency-marker pips on
the oscilloscope.

The negative half of the sine wave
output from the amplifier is clipped
and the positive portion applied to
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selection net- '

Fig. 6: Transmission characteristics of 23
MC bandpass filter on wideband position

a vertical deflection plate of the
cathode-ray tube. This furnishes a
base line and an amplitude variation
which is proportional to the power
at the detector input. The amplifier
used and described above is a modi-
fied TAA-16EA tuned amplifier. The
linear horizontal sweeps are pro-
vided by the circuit mentioned pre-

- viously. Since it takes 4 seconds for

the klystron to sweep over the 1000-
Mc range an