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ELECTRICAL COMMUNICATIONS TECHNIQUE 
AND ITS APPLICATIONS IN ALLIED FIELDS 

THE CONVENIENT MEASUREMENT OF C, R, AND L [ .:t : r llnport•n' coo•idcrn-
tions in the large majo1·ity 
of bridge measurements 

1 made in the average ex-------�....-
perimental laboratory are the ease and 
speed of making the readings, and the 
ability to measure any values of resist­
ance, inductance, or capacitance, as 
they may exist in any piece of equip­
ment. A completely satisfactory bridge 
should immediately indicate the answer 
to such questions as the following: 

ls the maximum inductance of this 
variable inductor at least 5 mh, its 
minimum inductance 130 µh, and its 
direct-current resistance less than 4 Q ?1 

Has this choke coil at least 20 h in­
ductance and an energy factor Q of at 
least 20? 

Has this tuning condenser a maxi­
mum capacitance of 250 µµf and a 20 
to 1 range? 

Has this filter condenser at least 4 µf 
capacitance and a power factor of only 
0.53? 

Is the resistance of this rheostat 
200 kn? 

t These are the standard abbreviations of the rnstitute 
of Radio Engineers. Note that l mO ts 0.001 ohm and that 
1 l\Hl is 1,000,000 ohms. 

Is the zero resistance of this decade­
resistance box only 5 mQ? 

The TYPE 650-A Impedance Bridge 
will furnish the answers to all these 
questions and many others. It will 
measure direct-current resistance over 
9 decades from 1 mQ to 1 Mn, induc­
tance over 8 decades from 1 µh to 

100 h, with an energy.factor (Q = '1;_) 
up to 1000, capacitance over 8 decades 
from 1 µµf to 100 µf, with a dissipation 
factor (D = RwC) up to unity.2 

These results arc read directly from 
dials having approximately logarithmic 
scales similar to those used on slide 
rules. The position of the decimal 
point and the proper electrical unit are 
indicated by the positions of two se­
lector switches. Thus the CRL multi­
plier switch in Figure 1 points to a com­
bined multiplying factor and electrical 
unit of 1 µf so that the indicated ca-

2 The fact that this bridge is capable of measuring a 
condenser with large energy losses makes it necessary to 

distinguish between its dissipation factor � and Power 

factor ; . The two are equivalent when the losses are low. 

Since the bridge measures RwC directly, the term dissipa­
tion factor bas been used, even though the two terms are, 
for most condensers, synonymous. 
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pa i tance as shown on t he R L  dia l i 

2.67 µf, beca u e t he D-Q multiplier 

witch ha - been  t on c f r the mea­
surement of apaci t a n  e. It a lso show 
tha t the DQ dia l  · t be read for di i ­

pat ion fa tor D wi t h  a m ultiplying 
fa Lor of 0. yie ld ing 0.26. 

If t h  con d  n er had  a smal l  r di  i ­
pation factor, -rhi D-Q multip l i  r 
swi t  h would h ave b e n  et for the D 

dia l wi t h  a multiplying fa tor of 0.01. 
Thu t he D dial ,  a show n i n  Figu r  1, 
indi a te a di ipa tion fa t or f 0.0 96 
or a power factoi· of 1. 96 

For t h e  mea u rement of p ure re i t­
a n  t h e  D-Q m uhipl i  r w it h wou ld 
be t a t  R so that t he RL dial i ndi­

a te a re i tance of 2.67 n. 
For the mea ur  m nt of indu ta nc 

t he D-Q multi p lier swi tch would be e t  
at Land t he CRL d i a l  i ndi a te 2.67 mh. 
U ing the DQ dia l t h  in u l t ipl ier i 1 
and the energy fa tor Q as ho n · n 
Figure 1 is  2.6. l-Iad t h  coi l und r 
mea urement been a Jarge iron- r 

hoke oi l, t h  RL muJt iplier w:i t h 
migh t have been el a t  t he 10 h poi n t ,  
thu  i ndica ting 26.7 h. Then the  D-Q 
mu l t i p l ier wit h wou ld ha e been et 
to i n d i  a te th Q dial  wi t h  a m u l t i p lier 

f 100 a nd a n  en rgy fa tor Q of 41 a 
read on t he Q d ia l. 

he ea e of ba lan ing the  brid.D"e 
depend on the u e of the logarith mi-

a l ly  t apered rheos t a ts a nd t he two 
mu l t i p l i  r swit he . To iJl u t rate this, 
take f ir t the measur  ment of d i re t­

curr n t  i·e ist ance. 
Wit h  t he u n k now n re i tor onne ted 

to t he R termin a l  t he D-Q multi p lier 
wit h i e t  al R, Lhe GE ERATOR 

witch a t  DC, and the DETECTOR swi tch 
at H TED G L . The ga lvanometer 
i m media te1y defle t , indi a t i ng b y  the  
dire tion of i t  d efl t i  n whi h way 

the CRL ul t i p l ier wi tch shou ld be 
turned to obtai n  approxima t e  ba lance. 
The CRL dia l is t hen t urn  d for a t 
bala nce, h a  ing t h rown the DETE TOR 

w itch to t he G LV. po i tion. 
Beca use the calibration of the RL 

dia l e rtend to  0, th bridge ·a n be 
ba la nced for a n u m b  r of cliff ren t  e t ­
t ing of the CRL mul t i p l ier swi tch. Thi  
1 er helpf u l  in a cer t a in i ng the a p ­
proximate v a l u e  of a resi tor. Obviou Jy 
grea t e  t a uracy of reading i ob tained 
when the bala nce poin t n the RL diaJ 
i wi t hin the main decade w hi h u ­
pies three-quar ter of i ts ca le ]engt h. 

An ind u t 1·  or onden er i mea u r  d 
by onne ting i t  to  t he CL term.ina l . 
Th GENERATOR wit h is et at 1 KC. 

a n d  the DETECTOR wit h at E T head 
t e lephone being onnected to the 

XTERN AL DETE TOR t ermina ls. Th 
D- mult iplier witch i e t  on L or c a 
the ca e demand , poin ting to t he DQ 
dia l. Th RL dia l  i wept  ra pid ly o er 
i t  ra nge to i ndica te  the dire t ion of 
balance. The CRL multi p lier swi t  h i 
then m oved in the dire tion i nd i  ated 
a nd balanc obtained on t h  RL dial. 
The DQ dia l i t h  n t u rned for bal a n  e. 
From it e t ting the de irabi l i t  of u ing 
the D dia l or the neces ity of using t he 
Q dia l w i l l  be indi a t ed. 

The reac t an e ta ndard are m1 a 
cond n er h a v i ng a l l  the exce l len t 
charac teristic of th TYPE 505 on� 
den er de ribe i n  t h  Experirnenter 
for Januar . 

The bridg i r  uit u d for mea uri ng 
onden er is the regular capaci t a nce 

bridge h a ving p u re re · t a nce for i t  
ra t io arm . Maxw JJ' bridg i u d £ r 

induc tor , w ho e energy fact or Q are 
le than 10. Abo e th i  v a l ue Ha ' 

bridge i u ed. The in terdependence f 
the t o balan e of the e ]a t t "  o 
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FIGURE 1 .  This photograph of the pan I mpha izes the simpli ity and wide range of the im­
pedance bridge. In the corner at tbe l ft i a side iew of the in trument 

www.americanradiohistory.com

www.americanradiohistory.com


4 THE GENERAL RADIO EXPERIMENTER 

bridge circuits cannot, of cour e, he 
prevented., hut the u e of the logarith­
mic rheo tats for balancing makes it 
very ea y to follow the drift of t e 
balance points. 

The a cura y of alihration of the CRL dial is 1 over it main de ade. It 
may he set to 0.2 0 or a ingle wire for 
mo t setting of tl e RL witch. The 
accuracy of reading for re i tance and 
capacitance is 1 , for inductance 2 0., 

for the m · ddle decade . The accuracy 
falls off at mall values because the 
smallest mea urahl quantities are 
I mn., I µµf, and 1 µh, respectively. Zero 
reading are approximately 10 mn, 4 
µµf, and 0. µh, resp ctively. The ac­
curacy fall off at the large alues., 
becoming 5 % for re i tan e and ca­
pacitance and lOo/c for indu tan e. The 
accm·acy of calibration of the DQ dials 
is lOo/c. The ac ura y of reading for 
dissipation factor and energy factor is 
either 20% or 0.005, hi hever is the 
larger. 

The power for the bridge is drawn 
from four No. 6 dr ell mounted at 
the back of the cabinet. The liberal size 
of these batteries as ures a very long 
life. E ternal batteries of higher voltage 

may be u ed to increa e the en it1v1ty 
of the bridge for the mea urement of 
the highe t resi tance . The internal 
batterie op rate a mi rophone hum­
mer for the produ tion of ·the 1-kc ur­
rent. The apa itan e of thi humm r 
to ground i mall and ha be n al­
lo" ed for in the bridge calibration. 

An e ternal generator may be u ed., 
though its capacitance to ground may 
introdu e onsiderable error. Subject to 
thi limitation, the frequen y may he 
varied o er a wide range frmn a few 
cycle to 10 kc. The reading of the RL 
dial is independent of frequency. The 
reading of the D and DQ dial must be 
multiplied h the ratio of the frequen y 
used to 1 kc to gi e th orrect value 
of dissipation and energy factor , while 
the reading of the Q dial mu t he di­
vided by this ratio. For frequencie 
other than k the rang of the DQ 
dials are altered o that t y will no 
longer o erlap. _ dditional re i tance 
may h inserted by op ning the ERIE RE . terminal . The T PE 526 Rheo­
stat , described on page 7, ar quite 
sati factory for this use. 

-ROBERT . FIELD 
SPECIFICATIONS 

Dimensions: Panel, (width ) 12 x (depth) 16 

inches. Entire in trwnent, (width) 12 x (d pth) 
23 x 9 inches, over-all. 

Net Weight: 22 pound . Batterie , 87,i 
pound additional. 

Code Word: BEA T. 
Price: $175.00, without batt rie . 

THE SKELETON-TYPE IMPEDANCE BRIDGE 

THERE are many individual bridge 
measurement for which the wide 

range of the TYPE 650- mpedance 
Bridge is unneces ary., while its ease 
and spe d of making reading are e en-

tial. E amples of these use are the 
following: 

Limit bridges for re istance., induc­
tance., and capacitance, who e ranges 
may be changed ea ily, though not in-
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stantaneously. Bridges for -the indi­
vidual e perim nter who i w iJling 
to forego the convenien e of multiple 
switching and to manually inter on­
ne t the ariou arms of the bridge for 
t:he sake of a con iderable reduction in 
pn e. 

Bridge for s hool and college with 
which the s-tudent may make up the 
variou bridge circuit . 

The TYPE 625- Bridge i emin ntly 
adapted to this type of m a ur ment. 
It con ists of a skeleton bridge cir uit, 
in which one arm contain a direct­
reading logarithmic rheo ta-t and the 
other three arms are brought out to 
pairs of terminals. 1-kc micr phone 
hummer, batteries, and their a . o­
ciated swit hes are also onnected in 

ir uit. TYPE 500 Resi tor may he 
used as ratio arms, T PE 505 Co u­
den ers as reactance standard , and 
TYPE 526 Rheostat as added re istors 
to indicate energy factor Q and di sipa­
tion factor D. These re i tors and con­
densers are plugged dir tl_ into the 
bridge terminals. The rheostats can be 
connected through TYPE 274 Plugs and 
cables. 

T e panel arrangement is hown in 
Figure 1. The wiring diagram i en­

graved in the lower left corner. The 
slide on whi h the ratio arms and 
standards may be stored is opened for 
in pection. ppropriate value of the e 
units are 10,000 n, 1000 n, 100 n, 1 µf, 
and 0.01 µf. With the e units re i tan e 
may be measured over 6 decades from 

1 Q to 1 Mn, ind u tan e o er: 6 dec­
ades from 00 µh to 100 h, capa i­
tance o er 6 decades from 100 µµf to 
100 µf. By the addition of a few other 
units these ranges may be extended 
to the same values as are covered 

by the TYPE 650-A Impedan e Bridge. 
( ee page 3.) 

Table how the proper combina -

-tion of the e plug-in units for the en­
tire range of aluc mentioned. This 
table i for all etting of the logarithmic 
rheostat bet"\ e Il 10 0 and 10,000 n. 

n.other tabl giving the alues of 
the a dded re istan to be obtained 
from the TYP 52 Rheostats, for 
value of di ipation factor D up -to 1 

FIGURE . The kele·ton- pe bridge with the 
drawer pulled out to how the method of stor­
ing tandard re i tors and conden ers when 

not in use 
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FIG RE 2. TYPE 625- Bridge 

bridge ' hich hould be u ed are shown 
in Figure 3. Capacitance i mea ured 
on a imple bridge having two re i t­
ance arms and two capacitance arm . 
Inductance is measured in terms of a 

and values of energy fa tor Q up to 
1000, i hown in the in truction book 
accompanying the bridge. 

tandard onden er. The resi tor added 

for making the resi tance balance i 
placed either in parallel or in eries 
with he tandard condenser. The 

parallel onnection i Maxwell' bridge 
and may be used for all value of energy 
factor Q� except that for large values 
the added resi tance i too la ·ge to be 
obtainable on a variable resi tor. The 
series connection i Hay' bridge and 
while it may also be used for all alue 
of energy factor Q, the complicated 

orre tion ter containing frequency 

become negligible only when Q i 
greater than 10. - RoB RT F. FIELD The wiring diagrams of the arious 

TABLE I 

Values of C, R, and L that can be measured with recommended standard . nknown 
quantitie in bold fa e typ . 

A AlL\'I 

JOO n 
1000 n · 

lO,ooo n 
10,000 !J 
10,000 n 
10,000 n 
10,000 !J 

100 !J 
1000 !J 

10,000 !J 
LOOO n 

io,ooo n 
10 000 !J 

100mh-100h 

lOmh- 10 h 

lmh- 1 h 

100 µh-100 mh 

10 µh- lO mh 

l .uh- 1 mh 

B ARM 

10,000 n 
10,000 !J 
10,000 !J 

1000 0 
100 !J 

10 !J 
1 !J 

O.l µf - lOOµf 

O.Ol µf - 10 µf 

lOOO µµf- l µf 

lOO µµf- O. l µf 

IOµµf- O.O l µf 

l µ µf-lOOO µ µf 

lO,ooo n 
1000 n 

io,ooo n 
lOOO n 

ioo n 
10 n 

p AR:'.\1 

1000 Sl-1,000,000 !12 

100 !J- 100,000 !J 
10 n- lO,ooo n 

1 n- lOOO ri 
0.1 n- 100 n 

0.01 n- 10 n 
0.001 n- 1 -� 

l µf 

l µf 

l µf 

O.Ol µf 

O.Olµf 

lOOO µ µf 

l µf 

lµf 

O.Olµf 

O.Olµf 

O.Olµf 

O.Olµf 

l DIAL 
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SPECIFICATIONS 

Accuracy: Th seal of the logarithmic 
rheo tat i orrect to 1 . Th fr qu nc of 
the internal mi rophone bumrn r is ] 000 

ycles to within 5 o· 

Power Supply: Pow r £ r dri ing th 
hummer and for d- m. a ur ment d ri d 
from two .. S-volt hatter:i (Burg o. 2370 
or E eready No. 771). 

Accessories: Balance detectors suggested: 
head telephones for a-c in a ur ment ; z ro­

uter, .... 00- µa full cal gal anomet r for d-
m a u:r mcnt . 

tandard : h foll owin g unit 
n1ake uitable s andards and ·they can, for 
con enience, b ord red at the ame time a 
the bridge if desired. 

500-AP 
500-BP 
500-DP 
500-HP 
500-JP 

TYPE 500 RESI TOR 
(See page ] 2, atal og G) 

l 
1 0  Q 

100 S1 
1000 Q 

0,000 Q 

TYPE 505 Co -oE SERS 
(See January, 1933, Experimenter) 

·2.00 

2.00 

2.00 

2.00 

2.00 

505-FP 0.001 µf $3.50 

505-LP 0.01 µf 4.00 

505-QP 0.05 µf 4.50 

A 1- µf co den r 1 al o a ailable: T PE 
625-Pl, Code Word BAIZE, Pri $2.00. 

Dimensions: Pan l, (wid-th) 9. (d pth) 12 
i ch . Cabine (height) 7 inche , ov r-al l .  

RESISTANCE. 
.-----<J G�M 

CAPACITANCE 
r----0 GE1'1 ,...__ __ 

IWDUCTANCE 
MAXWELL'S BRIDGE. HAY'S BRIDGE 

Q. AHV V'AL<.11!. 
r----0 GEM 0----. GL>IO --�!;£HO----. 

FIG RE 3. Th e ar th basic cir uits u ed in 
the TYPE 650-A m pedance Bridg and th 
on t· c mm nd d for use with the TYPE 

625- Bridg 

Net Weight: 9 pounds. Batterie , 2 pound 
additional. 

Code Word: nE CH. 
Price: . 65.00 without hatteri or the 

standards ugg t d in tbe Accessorie para­

graph abo e. 

MOUNTED RHEOSTAT-POTENTIOMETERS 

T PE 4 71 Rheo ta-i:-Potentiomet r 
are available mounted in drawn 

t el ca e the sa1ne ize a u ed for the 
T PE 247-G Variable Air Condenser. 
Ea h ha an etched dial graduated in 
50 di isions. The total re i tance ha 
been ad ju ted to within 2 .;Y2 of the 
rated value. 

T_vp Resi:·tance Price 
526-D 0-100 Q $8. 50 

526- A 0-1 oo n 8 . 50 

526-B 0-10,000 Q 8.50 

526-C 0-100,000 n 8.50 
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PITCH AND INTENSITY MEASUREMENTS WITH A 

VACUUM-TUBE OSCILLATOR 

THE p ychological and phy iologi al 
departments of many uni er i ie , 

including Bro n, Oregon, Prin eton, 
and Yale, are making u e of modern 
elecLri al vacuum-tube o cillator and 
a ociated measuring equipment to in­
crease the peed and pre i ion of audio­
sound demonstration and re ear he . 

Dr. Robert H. eashore of th Uni-
er ity of Oregon, ' ho has u ed this 

equipm ent for some time, write , ('(' e 
find the o ci Llator most u ful for a 
number of d mon tration and e peri­
ment in the p ychologi al and musi al 
cours and pecial research project . 
So far, we have u ed it a follows: 

('(' (1) To demon trate the range of 
the mo t u eful portion of the audible 

ound stimuli 

('(' (2) To how the independent varia­
tion of inten ity at any pitch 

('(' (3) To how the lowe t audible 
tones (in a telephone receiver) 

('('(4) To demon trate heat and dif­
£ rence tones when ounded ' ith a 

tuning fork or other in lrument 
(' (5) To demon trate the smal1 vari­

ations in pitch which lead to (' onso­
nant' or ('di onant' ound combina­
tion (with a tuning for ) 

('(' ( 6) Th mo t important f unction 
for our purpo es, to be able to mea ure 
pit h di crimination by the method of 
paired compari on at any place in the 
mu i al scale." 

The entral in trum nt for thi ' ork 
is a acuuu1-tube o ciJlator whi h ,  
when u ed to operate ordinary tele­
phone recei er or radio loud p ak rs, 
produc s ound vibration of the ort: 
obta · ed from tuning forks and other 
mechanical ibrators. The electrical o -
cillator has the great advantage over 
such mechanical oscillators that the 
vibration frequency can he adju ted 
rapidly and a curately over a wide 
rang and that the amplitude can be 

Any pitch between 5 and 10,000 vibration per second i obtainable from the TYPE 613-B Beat­
Frequency Oscillator. Incremental variations on either side of a given frequen y are obtained 

by mean of the condenser at the left 
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adju ted from zero to maximum by one 
turn f a switch. 

ny tone in the range from 5 to 
10,000 cycles per econd can he elected 
ins tan · h setting the large entral 
dial on which t.he frequency i en­
graved. Th o er tone or harmoni con­
tent of the e w 11-de ign d el ctrical os­
cillators is negligible. 

� perim nt r ha e found that it · 

de irable to he able to vary ·the pit h 
over a small range from some ha e fre­
quenc . � o · th" the TYP 539-P In-

r m ntal-Pitch on.d n r is provided. 
It is a direct-reading vernier adju t­
ment for the electri al o illator for 

hanging its pi t h by a total of 100 vi­
bration per e ond for a rotation of a 
full half turn of a large dial. Thi dial is 
calibrated for 100 divi ions, each one 
eff e ting a change in pitch of exactly one 
vibration per econd. 

The base frequency of he o cillator 
can he anything from 100 cycle per 

econd (about an octave below middle 
C) to 10,000 cycles (over five octaves 
aho e). The in remen.tal pit h will read 
correcdy for any etting in. ·th"s range. 
Sufficient power output (about 10 milli­
watts) i available to a se a strong 
ton in head telephon . For la room 

demon tration thi u nd olume can 
h enormou I · in reased by the use of a 
va uum- ube amp]ifi r. 

third mo t u eful aux· iar unit is a 
alibra ted control of the olume of 

sound. Th TYPE 529-B ttenuation 
Bo r • alibrat d in ·t p of 2 decibels, 
th tandat·d unit of r la ti ound vol­
um , to ov r a range from 0 to 60 deci­
bel . Thi repre ent an attenuation 

on rol range from 0 to 1,000,000 in 
ound olume. 

n intere ting la d mon tration is 
onduc ed b Dr. Harold Schlosberg of 

Brown Uni· er it to determine, u i:ng 
th whole cla and oting h a di play 

f hand , the ju t noticeable difference 
of pit h at ev ral frequ enci s. Then, 
with i di idual l c ed from the 
cla , u ing a headphone, the lower 
threshold of hearing at arious fre­

quencie 1 det rmined. 
- RTHUR E. THIE SEN 

PRICES 
*TYPE 613-B Beat-Frequ c 0 -

cillator. . . . . . . . . . . . . . . . . . . . . . . $210.00 

TYPE 539-P ncr mental-Pitch on-
den r . . . . . . . . . . . . . . . . . . . . . . .  . 

TYPE 529-B Atten.ua·tion Box ..... . 
50.00 

34.00 

*Thi inst:i:-ument: must be modiJjed s)jghLly o that the 
inci:-em ntal-pit h onden r can be used wit:h it. The extra 
charge for this work and for the hield d connector is in­

cluded in the pi:-i e f t:be cond n er. 

BEAT-FREQ.UENCY OSCILLATOR 

FIXED INCREMENTAL ADJUSTABLE 
STOP PITCH CONTROL STOP 

·�-·--

"���� 

. -. . 6 6 -. -· . . 

MAIM PITCH CONTROL 
5 TO 10.000 C'<CLES PER SEC. 

AM PUT UDE 
CONTROL 

CALIBRATED 
ATTENUATOR 

TO TELEPHONES 
OR AMPLIFIER 

&. LOUD �PEAKER 

Studie involvino- in.ten ity chang s as well as pitch changes can he made by adding a calibrated 
0 attenuator to the apparatu shown on the opposite page 
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LARGE SIZE PLUGS AND JACKS 

674-J $0.�5 674-P 0.35 674- . 0.20 

Plug-in indu tor made of 3-i -in h opp r tubing can be wea1:ed into the new 
TYPE 674-C Plug shown at the right. The cup is tinn d. Illu tration approxi­

mately one-half ize 

DIAL PLATES 

318-A 

Dial plates mad of L hed nickel ilver are now available for use with G neral 
Radio rheo tat-polenliometer . T PE 523- i for TYPE 371 314, and 71 · 

TYPE 318-A i for TYPE 214· and TYPE 522- 1 f r TYPE 301. 
Price: $0.35, ea h 

A TWO - SECTION BAND -

SPREAD CONDENSER 

Th new TYPE 756 - Cond n er 
ho' n at the left i adapted for u e in 

Colp itt o cilla tor in transmitter and 
frequen . meter and in multi- ir uit 
receivers. The 1naximum apacitanc 
i 22-µµf and the minimum i ad­
justable b tween lOOµµf and 180 µµf. 
Price $6.00. 
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AN A-C POWER SUPPLY FOR BROADCAST FREQUENCY 

MONITORS 

THE General Radio Compan ha re­
en tly developed -the T E 53 -

Power Supply for u e with the T PE 

575-D Piezo-Ele tri 0 ilJator. By 
means of thi power pack, u er of 
General Radio Frequency Monitor 
can di pense "\Vith ha teries and operate 
the r tal o cillator from the alter­
nating- urrent line. 

he TYPE 531- Power up ply in­
clude two rectifier with -their a 

iated filters. A copp r-oxid rectifier 
i u ed in the 6-volt cir uit whi h sup­
plies current for the tube filament and 
t;he t; mperature- ont;ro] relay. The 

plate-supply re tifier is an 83 mercury­
vapor tube. Bo h circuits are ade­
quately filtered and voltage adj ust­
m nt are provid d wherevet· ne ary. 
Sat;i fact;or op ration. an b ob-
ained on line voltages betwe n 05 

and 120 oh , 60 y les. 
Tb whole a embly is mount d on a 

tandard 19-in h rela -rack panel, 7 
in he high. The pan l i :fini hed in 
black c ackl la qu r -to ma-t h the o -

ilJa tor pan.el. 
The price of th T PE 53 - P w r 

upply is 100.00, e Ju ive of the rec­
tifier tube. 

VOLTAGE REGULATOR TRANSFORMER 

Thi T PE 40-R Tran former i a oltage-regulatino- d 1 e capable of handling 
a ] ad of 100 volt -ampere . t outp u t ohage remain con tant at a voltage 
between 112 and 115 oh f r inpu-t vohag ariation between 95 and 130 olt , 

60 ycle , ah rnating urrent. It pri e i 40.00 omplet with cord 
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12 THE GENERAL RADIO EXPERIMENTER 

PRECISION RESISTORS WITH A HIGH POWER RA TING 

THE lab�>ratory worker engaged in 
electrical mea urements mu t often 

make a choice betwe n the ri k of burn­
ing out a precision re istor and u ing a 
less-accurate standa ·d. Inevitably in 
experimental work, the requirement of 
many problems lie just beyond the safe 
limits of precision units. 

The General Radio Company has 
recently de igned a preci i n-type re­
sistor capable of di ipating large 
amounts of power. This resistor, shown 
in Figure 1, on i t of a mica card 
wound with re i tance wire, clamped 
between two alumin-.: m a tings and 
insulated from them by two thin sheets 
of mica, the whole unit being supported 
on porcelain insulator . The aluminum 
castings are heavily ribbed to give a 
large heat-radiating surface. 

The TYPE 525 Resistor is conserva­
tively rated at 50 watts di sipation, al­
though considerably more power can 
be dissipated for long periods without 
any damage to the resistor, since it is 
hui t to withstand high temperatures. 
A plot of temperature ·1 e versu power 
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t-z LU 
v 
en 150 lU ILi Ct: 
C> ..... 0 
� 100 
w .,, 
ii: 
.... Ct: 
:=i 50 � 0: .... a. 
� 
t- 0 

l.......---_......... 
v ./ 

/ _,,, 

/ 
/ 

v / 
0 w � � � � � � � � � 

POWER DISSIPATION IN WATTS 
FIG-URE 2. Temperature ri e in a TYPE 525 
Resistor as a function of power di sipation. 
This is es entially the same for all izes 

FIGURE 1. TYPE 525-L Rei tor 

dissipation is shown in Figure 2. These 
data were taken in still air, and if a fan 
is u ed to keep the air in motion, the 
tem1 erature ri e is much smaller. The 
increase in re istance with tempera­
ture i mall, since the temperature co­
efficient is only 0.002 0 per de.o-ree at 
temperatures below 100° Centigrade. 

Hea y-duty resi tor are e rten ively 
used in the determination of the power 
output of radio transmitters. All such 
resistors have appreciable eries in­
ductance and shunt capacitan e, and 
the resistance usual1y tends to rise with 
frequency as shunt re onance is ap-

IOO 

90 
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0 

J vj 
I 

/ 
I J 

I /c 
/ 

// / 
/ A _,, 

� :::::---:: ::...--� 
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FREQ.UENCY IN MEGACYCLES 
FIGURE 3. Frequency characteristic of 10-
ohm (A and B) and of 40-ohm. (C and D) 
TYPE 525 Resistor . Data for A and C were 
taken with the shield :floating, B and D with 

the sh· eld connected to one terminal 
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proached .  uperim. posed o n  this effec t 
is  t he increa e i n  re is ta n e due to kin 
e ffect i n  t he r i t a nce w ire i tself. 

That por ion of th re i ta ce whi h 
is d ue to rea ta n e depend upo n t h e  
equ · a l  nt ind u  ta nce L = L - R2C. * 

For po i ti e v a l ues of L the resi t a n  e 
(disregardin g k i n  effe t)  in rea es wi'th 
frequen ., a nd for negat ive values of 
L i t  decrea es. 

The TYPE 525 Re i tor how e -
"tremely good radio -frequency ch arac-

erist ics., particularl y  in the sm a l ler 
sizes. Figure 3 show 1:he varia tion of 
re i 1:an w i t h  freq ue ncy for two of 
t h e  e uni ts.  

C urves A and B a re for the 10-oh m 
re i t or a n d  u rves c and D for the 40-
ohm size. a nd c repre en1: 1:he resist ­
a nce i th the a l u m in u m  shield floating 
and curves B a nd D w i th the shield con-
n.ected to one (continued on page 1 4) 

* .. Frequency Cbaracteristi ," Robert . Field, Gene r a l  

R a d io Experiinenter, • e hrua ry, 1 932. 

SALE OF DISCONTINUED RESISTANCE DEVICES 

W
H E  a new atalog i i ued ,  ome 
of our older in trumen1: s a re 

dropped in fa or of m ore up -to -da1:e 
de ign . It is seldom possi b le to a oid 
having m al l  stocks of the di continued 
item. w hen this h a n ge i m ade., and a 
numb r of such in tru n t  are now 
avai l able. t ea t one of each of the 
resistance devices l i  ted i n  the fol low -

i n g  table a re a va i l able a t  ubstant i a l  
red uc t ions i n  pri e o long a t h e  upply 
last  . ddi tio a l  spe i fications w il l  be 
fou nd in a talog F. 

T_ pe 

E very i tem is new and carries w ith 
it t e sam promise of a ti  fa tory 
operation as 1:hough the regu lar price 
were pai d .  

DECADE-R ESISTA NCE BOXES Forrner 
Price 

A LE 
PR I CE 

102-J I 1 1 , 1 1 0  ohms in. tep of 1 ohm--4 di al . . . . . . . . . . . . . . $50.00 30. 0 0  

T_ype 

329 - H 

329- K 

329 - L  

329 - P  

429- K 

429 - R  

T_ype 

552- LA 

552 - L B  

552 - L C  

A TTEN U A TI O N  BO XES 

55 d b  in tep of 0 . 5  db- H - 600 oh m . . . . . . . . . . .  . 
55 dh in s tep of 0 . 5  d b- H -6000 oh ms . . . . . . . . . . . . 
55 dh in steps of 0 . 5  d b-Balanced-H -6000 oh m . . .  . 
22 db in steps of 0 .2 dh- B alanced-H -6000 ohms . . . . 

55 d b  in. t:ep of 0 . 5  dh-T -6000 oh m . . . . . . . . . . . . . 

22 db in. 1: p o 0.2 db-T-6000 ohm s  . . . . . . . . . . . .  . 

VO L U M E  CONTR O LS 
( an. Be Used a A t.t: e n u a tion Box e ) 

30 db i n. st p of 1 . 5  d b -L- 50 oh m . . . . . . . . . . . . .  . 
30 dh in steps of LS d h-L-200 ohm . . . . . . . . . . . . .  . 
30 d b  in. s teps of LS dh- -500 oh ms . . . . . . . . . . . . . . 

1 75.00 
2 00.00 

Former 
Price 

$2 8.00 
2 8 .00 
2 8 . 00 

A L E 
PR ICE 

$50 . 00 

50. 00 

50. 00 

50. 00 

50.00 

50 . 00 

A LE 
PRI CE 

15.00 

1 5 . 00 

1 5 . 00 
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1 4  THE GENERAL RA DIO EXPERIMENTER 

PRECISION RESISTORS WITH A H IGH POWER RA TING 
(Concluded) 

term i na l .  I n  t he l a t ter case, t he h u n t  
capaci ta n  e i greater, res u l t i ng in  a 
lower re ona n t  freq u ency . 

The c h arac terist i s of the 4-ohm un i t 
are sim i la r  to t hose of t he 10-ohm. The 
600-ohm u n i t ha a n  e ffec t ive i nduc-

t a nce w hi c h  i a lways nega tive. Thi fac­
tor i m uch l arger t ha n  the kin e ffect, 
a nd the resist ance w i ll ,  t here fore, de ­
crea e w i t h  frequen y. 

TYPE 525 Resi tor ar a ai l a b le i n  
t h e  fol io i n g  v a l ue 

SPEC IFICATIONS 

T_ype Resi tance Accuracy Code Word Price 
525 - C  4 ohms C B L 8 . 00 
525 - D  1 0  ohms C B C N  8 . 00 
525 - F  40 ohms A BO B  8 . 00 
525 - H  1 00 ohm CADDY 8 . 0 0  
525-L 600 ohms C A D ET 8 . 00 

SPECIA L PR ICE O N  

CA THODE-RAY OSC I L LOG R A PH TUBES 

WE h a  e fi ve Wes t ern E lec t ri o .  
22 · -B Ca t h ode - R ay  0 c i l logra p h  

Tu bes i n  o u r  la bora t ory t ock t h a t  are 
now a a i l a b Je for a le a t  a p ri e we l l be­
low t he I i  t price. They were p u rcha ed 
for u e by our own e ngineeri ng t a ff 
bef re de elopmen t w a  om p le ted on 
t h  General R a d io a th od e - R a y  0 c i l l ­
ogra ph a n d  w e  now h a  e no u  e for t hem . 

Th i s  i a n  e Tce l lent oppor t u n i t  for 
i ntere t ed laboratories t o re p lenish 
t heir tocks of t he e t u be . o. 224- B 

si m i J ar t o  and i n ter h a ngea b l  w i th 
o. 224- ; t h  former t a k i n g  a sm a l ler 

fi l a m e nt u rren t .  

Ea h t u be i in  i t  orig i n a l  eal  d 
car t o n .  Price : $30.00, ea h .  

A N  OUTPUT TRA NSFORMER FOR T H E  N EW 2A 3 TUBES 

THE ne w 2 3 a m p l i fier t u be shou ld 
be of e.  e p t ional in t ere t t o  a l l  who 

are i n teres ted i n  h igh-q u a l i t y  reprod u -
tion, si nce n o of t he e t u  bes i n  a push ­
p u l l  o u t pu t  t a ge h a ve a gr ater power 
hand l in g abi l i t y t ha n  t he u ual pu h ­
pu l l pen t ode ou t p u t tage and compare 
very favora bly in t h is re pect wi t h  Class 
B yst em . In ad d i t ion,  a C l a  A out-

p u t  tage, u i n g t he 2 3' , w i l l  gen ­
erate con i dera b ly l e  s h a rmoni d i  -
tortion t h a n  e i t her of t he e o t her t wo 
commonly - used ou t p u t  y t e rn  . 

The General  R a d io Com p a n y  h a s  de­
ve loped a new ou t p u t  t ra n  former for 
u e w i th t h e  e t u be . Beca u e of i t  u n ­

u su a l l  h ig h  eff icien y ,  nearly a l l  o f  t he 
o u t p u t power i ac t ua l ly d e l i v e1· d to 
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t he peaker. Th i transformer, w hich is 
k now n a t he TYPE 541 - D, ha a prac­
tica l ly flat characterist ic from 20 t o  
above 10,000 cyc les per second. The 
econdary i s  t apped to match hnped ­

a n  e from 1 . 5  to  12 ohm . Thi  a l lows 
opera t ion i n to a ny of the more usua l  
types of dynamic speaker , or  severa l 
pea kers i n  paral Jel or i n  series. 

The accompanying d iagrams show 
an ampli fier (an d  associa ted re t ifier) 
d esigned particu lar l  for the 2A3 tubes. 

The ac tua l qua l i ty del i vered by a n  
ampl ifier of this type i e t remely good. 
The maxim u m  power ou tpu t i appro -
i ma tely 1 0  to 12 w a t t s, which w i l l  over­
load two or three dyna m i  speaker of 
the u ua l  type u ed in  recei ver se ts .  
W hen operated at norma l  room ol ­
u me, t here i s  no fuzzi nes (as i of t en  
encountered in  C la  s B a mpl i fiers) a nd 
power peak are ea i ly taken are of, 
resu l t ing in  a bri l l iancy and  rea l i  in i n  
t he reprod uction whi  h a re q ui te  amaz­
i ng for an ampl ifier o f  t hese p1·opor­
t ion . - If. H .  OTT 

'-'" i ri ng d i agram for t h  
2 A 3  a m p l i f i e r  h o w n  
a ho e. N o·te t h a t  other 

t a n d ard i n p u t  t ra ns-
former a re a a i l a ble, for 
u on 500 -ohm l i n e , for 

in t a nce 

c-

An a m p l i fi r u s i n o- t h  n w 2 3 t u be a n d  
p a r t  d e  r i u  d i n  t he accompan i n g  article 

Type 

54 1 - D  
54 1 -J 
349 
438 

* A D 1 8  
* A D2 0  
*AD30 
* AD40 

PR I C E  LI ST 
Description 

1., ran former . . . . . . . . .  . 
Tra n s forn1 er . . . . . . . . .  . 
4- Pron.g Socket. (3 req 'd) 
5 - Prong o k e t  (2 req ' d )  

i - Py ra n ol ond n -
r, 4 µf; pe ak vol t age 

1 980 . . . . . . . . . . . . . .  . 
T i  . . . . . . . . . . . . . . . . .  . 

T2 . . . . . . . . . . . . . . . . . . 
L 1 . . . . . . . . . . . . . . . . .  . 
.L2 . . . . . . . . . . . . . . . . . .  . 

Price 
(each ) 
$7. 50 

7.50 
. 35 
. 35 

6 . 60 
3 . 00 
5.05 
4. 55 
4 . 55 

ny s t a n d ard b -pa 
i t.or ha ing a t i  fa t o r  

ra t i ng can b used. 

onden r and rc­
vol t agc a n d  c u rre n t  

*TLe!ie a re n 1 a n ufac l u re<l b y  L he Del l a  M a n u fa c l u r i n g  
C o m p a n  a n d  a r  b t a i u a b l e  from General R a d io a t  t h e  
re g u la r  n L pr i e g i '  e n  a b  ' e . 

• fl, (2SO v.) 
A M P L I F I ER 

FILA'ME NT SUP PLY PLATE SUPPLY TO 
-c 
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USI N G  T H E  E D G E RTO N STR OBOSCOPE I N  A UTOMOTI V E  

R ES E A R C H  

Chrysler engineers measure cra nkshaft whip a n d  vibra t ion w i t h  the E dgerton 
Stroboscope . For a n  i n teresti n g  description of the me thod, see page 75 of 
Instruments for Apri l,  1933. Repri nts can be had from General R adio Com p a n y  

wi thou t charge 

THE GENERAL RADIO COMPANY mails the Experimenter, without charge, 

each month to engineers, scientists, and others interested in commun­

ication-frequency measurement and control problems. Please send requests 

for subscriptions and address-change notices to the 

G � N � RA L  RA D I O  C O M PA N Y  
3 0  State Street Cambridge A, Massachusetts 
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