
T H E G E N E R A L RAD.�O 

VOLUME 38 NUMBER 2 FEBRUARY, 1964 

www.americanradiohistory.com

www.americanradiohistory.com


The General Radio 
EXPERIMENTER 
is maifed wifhouf 
charge each month to 
engineers; scientists, 
technicians, and others 
interested in electronic 
techniques in measure
ment. When sending 
requests for subscrip
tions and addres"5-
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GR'S NEW BOLTON PLANT 

Early in February, about 150 General 

Radio employees will hif t their daily 
operations about 10 miles west of Con

cord, to our new plant in Bolton, Mass. 
Thu begin a new and significant phase 

in the growth of General Radio. 

Less than ix year have passed 
since GR "went suburban," moving 

from Cambridge to it new 300,000-
square-foot headquarters in We t Con

cord. Only a few years after this move, 
a 100-acre tract in nearby Bolton was 
purchased in preparation for the next 
major Company expansion. 

The decision to divert expansion to 

a new site rather than to continue 
building on our 88-acre Concord prop

erty was based on everal factors. Main
taining the "small company famili

ari y long enjoyed by our employees 
would become more difficult as the 
Concord plant population grew. Traffic, 
too, would become a problem. It was 

therefore decided that the working force 

at oncord hould be limited to 1000. 
As the number of employees at Concord 

passed 900 a y ar ago, con truction 
b gan on a building in Bolton. 

The new plant will be et up autono
mously on a product basis, de ign
ing and manufacturing microwav and 

signal-generating equipment. There

fore, in the future, all GR coaxial con-

nectors and components, slotted lines, 
coaxial bridges, Unit Oscillator , and 

ignal generators will be made at the 
Bolton plant, whi h is pecially 
equipped with the high-precision pro

duction machinery required in the man

ufacture of such items. 

The long-term plans for Bolton in

clude a plant about the same size as 

our present plan at Concord and in 

the same multiple-tee configuration. 
The building ju t completed is the first 
tee, and the design of this 80,000-
square-foot unit provides for the even

tual expansion to over three times its 
pr sent size. 

The Bolton site is on State Route 
11 7, less than two miles east of the in

tersection with Interstate Route 495, 
now under construction. The plant site 
is partly wooded, with a stream 
dammed to form a small pond. Bolton 

is a small, rural community of 1200, on 
the ea tern edge of Worcester county, 

and about 20 miles we t of Route 128. 

Engineering l\1anagcr of the Bolton 

plant is Robert A. Soderman, w 11 
known in th lectronics industry for 

hi work on tandards and on coaxial 
mea uring devices. Philip W. Powers, 

formerly As istant to the Vice Pre i
dent for Manufacturing, b comes l\t1an

ufacturing Manager at Bolton. 
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GENERAL RADIO EXP ERIM EN T ER 

THE 
PRECISE MEASUREMENT 
OF 
SMALL DIMENSIONS 
BY A 
CAPACITANCE BRIDGE 

One of the advantages of being a 
manufacturer of preci ion measuring in
struments is the chance to apply one 
preci ion device to the de ign and pro
duction of another. An example is the 
u e of our TYPE 1615-A Preci ion 
(0.01 0) Capacitance Bridge to mea ure 
dimensions of parts of our TYPE 900 
Preci ion Coaxial Connector to 'vithin 
a few millionths of an inch. 

The principle of mea uring distance 
by measuring capacitan e is based on 
the relation between the apacitance of 
an air capacitor and the pacing be
tween it el ctrodc . In the applica
tion de cribed here, a rod i positioned 
in a hollow cylinder with a fixed spacing 
between the rod and the in id wall of 
the cylinder. The rod and th cylinder 
form the electrod s of a capa itor. 
Since the hollow cylinder i a pecial 
jig who e dim nsions are a curately 
known, the spacing i governed essen
tially by the diameter of the rod. 

Figure 1. 

Figure 2. Capacitance deviation vs eccentricity 
of rod. 

The capacitance, C, per unit length 
of a coaxial air capacitor I::; as follow 

c 
] .4140 

f/" h 

= [ 
(b-a)2 - (eb)2 

J 
p inc 

co h-1 1 + -------2ab 
where the dimension a, b, and E are as 
defined in Figure 1. 

The r solution of the capacitance
di tanc m a uremen t technique i in
creased at least a hundred£ old if the 
bridge is u ed to compare two capa i
tances rather than to measure the un
known capacitance dire tly in term of 
an internal standard. Therefore, in th 
actual measurement a standard rod is 
first in erted a a r fcren e, the un
known i then ub tituted, and the 
difference b tw n the capacitances i 
measured. The bridge null detector, 
calibrated to indicate th d viation of 
unknown from tandard directly, can 
readily indicate deviation as mal l  as 
one millionth of an in h. 

Of cour e, a d viation in capacitance 
could be due to e ·ccntri ·ity of th "un
known" rod as well as to a differ nee 
in its averag diam ter. Therefore, in 
the graph (Figure 2) showing the rcla-
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tion between capacitanc deviation and 
di tance d Yiation, a curv i added to 

how the equivalent effect of eccen

tri ity. As the curve hows one can 
cPn tcr the rod in the jig by adj u ting 

the rod for minimum capacitanc . 
F r the high pr ci ion required, it is 

nee ary to eliminate the effects of the 

leads from the bridge to the unknown. 

Thu the jig is conne t d a a three

terminal capacitor, and i m a ured a 
uch by the TT1 E 1615-A Bridge. 

The ab olute accuracy of thi meas

urement depends on the accuracy of the 

standar<l rod. Rod with toleran e a 

FEBRUARY, 1964 

mall a ±10 microinche are comm r

cially available. The sen itivity of ca

pacitance to changes in distance is in

ver ely proportional to the spacing be

tw n rod and jig. Decrea ing thi pac

ing will add leverage to the r la ion, in 

the direction of increa ed precision. A 
th pacing i redu ed, however, the 

lin arity of the capacitance-di tance 

relation i a rificed. The optimum 

pacing therefore repre ents a compro

mise between sen itivity and linearity. 

- A. E. SANDER ON - F . VA VEEN 

NEW, MEGOHM, WIRE-WOUND RESISTORS 

AND DECADES 

The dev lopment of a new, fine-wire 

1-megohm re i tor has made it pos

sible to extend to higher resistanc 

the range of our eries of epara tely 
boxed, fixed resi tors (TYPE 500), our 

decade-resistance units (TYPE 510), and 

our multiple-decade-re istance boxes 

(TYPE 1432). 

figure 1. Type 1432-Z Decade Resistor (rear}. 
Type S 10-H Decade Resistance Unit (left foreground). 
Type 500-Y Resistor (riglit foreground). 

Separate 2-megohm, 5-megohrn, and 

IO-megohm fixed units are now avail

abl that use the appropriate number 

of the new re istors in series. The 

decades u e ten unit to give a total of 
10 megohms in 1-m gohm teps. 

Like other GR re i tors of 500 ohms 

and higher, these new units are single-
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lay r wound on a thin, card-type form. 
Thi type of re i tor ha lower induc

tance and capa itance than do a 
pool-wound re i tor and, therefore, ha 

much better ac proper ies. High-valued 
re. i tors of thi type mu t u e very fine 

·wire if they are to be wound on a form 
of rea onable size. Recently developed 

3"DIA 

:! • .__ ___ 316 --

Figure 2. Di mensions of Type 5 10 Decade
Resistance Unit. 

winding t chniques have made practical 
the use of 0.5-rnil Evanohm wire, which 

makes po ible one-megohm units that 
are only slightly larger in size than those 
of lower re i tance values. It i ea y to 

imagine the difficulties of winding wire 
of this size when one realizes that it is 
about 3'i the diameter of human hair! 

J 

x <( 
"' 
<( 
E 

Figure 3. Dimensions of Type 500 Res istor. 

SP E CIFI C ATION S 
TYPE 500 R ESISTOR S Dimensions: See sketch. 

Net Weight: 2 ounces (60 grams). 
Shipping Weight: ounce (230 gram ). 

Type DC Resistance ll'fax Current Accuracy Code iVumber Price 

500-Y 
500-Z 

500-ZZ 

2 megohms 
5 megohms 

10 megohms 

TYPE 510-H 
DECADE-R ESIST ANCE UNIT 

DC Resistance 
Per Step Total 

l megohm 10 megohms 

l. l ma 
0.7 ma 
0.5 ma 

Accuracy* 

0.025% 

0.025% 
0.025% 
0.025% 

0500-9725 
0500-9726 
0500-9504 

Dimensions: See ketch. 
Net Weight: 11 ounces (310 gram ). 

Shipping Weight: 2 pounds (1.0 kg). 

]lax Current Code 1Vitmber 
0.7 ma 0510-9708 

$ 28.00 
62.00 
95.00 

Prz'ce 

$98.00 

*Each of the 10 resistors in each decade is adjusted to be accurate at its terminals within the tolerance given. Re
sistance increments are accurate to this same tolerance. 

TYPE 1432 DECADE R ESISTOR 
Dimensions: 'Vidth 4§-(6 inches ( 110 mm), 
h ight 4%; inch .. (120 mm); length, 15% inches 
( 400 mm) for Type 1432- Y and 18 7:1 in hes 
(470 mm) for Type 1432-Z. 

Net Weight: Type 1432-Y -. 6 pounds, 5 ounces 
(2.9 kg); Type 1432-Z - 7 pound , ounces 
(3.4 kg). 

Shipping Weight: Type 1432-Y - 7 pound 
(3.2 kg); Type 1432-Z - 9 pounds (4.1 kg). 

Resistance 
Type T olal Per tep 

,Vo. of 
Dial.i 

Type 510 
Decades U ed Code Number Price 

1432-Y 
1432-Z 

1 l, 111 ,000 ohms 
l 1 , 1 l l, l 00 ohms 

l 00 ohms 
10 ohms 

5 
6 

D, E, F, G, H 
C, D, E, F, G, H 

1432-9725 
1432-9726 

$229.00 
262.00 
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SIGNAL 
OSCILLATOR 

TYPE 1607-A TRANSFER 
FUNCTION AND 

IMM ITTANCE BRIDGE 

LOCAL 
OSCILLATOR 

MIXER 
TYPE 1216-A 

UN IT I- F AMPLIFIER 
(NULL DETECTOR) 

FEB RUA RY, 1964 

OSCILLOSCOPE 

----1 
: 

r-PU-L
-
SE _D_B_IA�S-S

-
U

-
PP _L_Y ---. L_ - - - _OPTIONAL ___ - - -- _ _J 

Figure I. Block 
diagram of the 
m e a s ureme nt 
system, showing 
bridge , pulsed 
bias supply, and 
oscilloscope . TRIGGER 

MEASUREMENTS ON POWER TRANSISTORS 

WITH THE TRANSFER-FUNCTION BRIDGE 

The measurement of the impedances 
and other characteristics of transistors 
at very-high and ultra-high frequencies 

can be carried out under normal operat
ing conditions with the TYPE 1607-A 
Transfer-Function and Immittance 
Bridge. With some power transistors, 
however, the heat to be dissipated 
creates a problem, because it is not 
always convenient to provide a heat 
sink for the transistor while it is being 
measured. 

At our suggestion, a number of users 
of the bridge solved the problem by 
pulsing the bias supply to the transis
tor, permitting higher power levels to 
be used without excessive heating. (See 
Figure 1.) 

Pulsing prevents the use of the meter 
indication of null balance on the TYPE 
1216-A Unit I-F Amplifier, because of 
the two different impedance states, 

bias-off and bias-on. Therefore, an 
oscilloscope, connected to the video 
output terminals of the i-f amplifier, 
is used as the null indicator, and the 
null is adjusted at the bias-on portion 

of the pulse. 
Figure 2 shows a pulsed bias supply 

as used by Clark Division, National 
Semiconductor Corporation. Similar 
circuits have been used by other man
ufacturers. 

Transistors in the double-ended stud 
package, T0-:3, or T0-8 package, for 

example, can be measured by use of this 
pulse technique. We have recommended 
that a General Radio Type l 607-P201 
triode tube mount be modified to ac
cept these larger packages. In the ver
sion used by Clark, a Jettron model 
7 4-026 socket was fitted into the tube 
mount after the tube socket was re
moved. The emitter lead was grounded 

-��----��----����1 4-I � � +24V : � BIAS CONNECTIONS 
TO BRIDGE 

3.9K 470K 470K 

0.6 
0.1 

I -=-

111 T -MERCURY RELAY 

Figure 2. Schematic of a 
pulsed bias supply. 
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Figure 3. 
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Ty pi 
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ri · tr nL·i, 
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hown in Figur 

. -, >TE: \\-c· a.r • in I •b C'd tu • ·. \\'. I hvkam • (anag<>r • ppli •: lion.· I )i i. ion, . Tat iont I,• ·n i
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n 11 •h of .h' inform< tion in thi a.rticlP. 

- Er.lit r 

View of the recently remodeled plant of Ing. S. and Dr. 1Guldo Belotti 1af Pia::tz:a 

Trento 8, Mih�n, Italy. ihe firm of Belotti have been sales representatives for 
Gener,al Radio products in !Italy sin,ce ]9'30. Inset shows Dr. Guido B,elotti. 

General Rad·o, Company 

www.americanradiohistory.com

www.americanradiohistory.com

