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A NEW UN I T  OS C I LLATO R, 180 to 600 Mc 

Butterfly circuit \ ith their wide 
tuning ranges and trouble-free operation 

at frequencies from about 100 to 1000 

Mc are used in many General Radio 
Unit Oscillators. Their wide ranges and 

stable characteri ti s have helped to es
tablish these inexpensive and versatile 

units as almost indispensable equipment 

in many laboratorie and on many test 

benches. 
Butterfly-type unit oscillators for 50 

to 250 Mc and for 250 to 920 Mc have 

been available, but, in order to cover 
the military aeronautical bands between 

225 and 420 Mc, both of these units are 

needed. The new TYPE 1209-BL Unit 
0 cillator covers this range in a single 
unit. 

As the type number indicates, the 

new unit oscillator is a modifi ation of 

the familiar 250-to-920 Mc 'IYPE 1209-B 
Unit Oscillator. By elimination of one 

of the two parallel inductance branches 

of the butterfly circuit, all frequencies 

are redu ed by a factor of v2. At the 

same time the minimum out.put obtain

able at any frequency is increased from 
200 to 300 milliwatts. All other charac

teristics and the external appearance 
are unchanged . 

SPECIFICATIONS 
Frequenc y Range: 180 to 600 Mc. 
Tuned Circuit: Modified butterfly, with no slid
ing contacts. 
Frequenc y Control: 4-in. dial with calibration 
over 270°. Precision drive with 4}1;:1 reduction. 
Frequenc y Calibration Accu rac y: ± 1 %. 

Warm-up Frequenc y Drift: 0.2%. 

Output S ystem: Short coaxial line with adjust
able coupling loop on one end and coaxial con
nector on other. Maximum power can be de
livered to load impedances normally met in 
coaxial y tem . 

Output Power: Into 50 ohm , 300 mw at any 
frequency. 
Modulation: Plate modulation of 30% at audio 
frequencies can be produced by xtemal ource 
of 40 volts. Input imp dance is about 8000 

ohms. When amplitude modulation without 
incidental f-m is required, the TYPE 1000-P6 
Crystal Diode Modulator or T PE 1000-P7 
Balanced Modulator is recommended. 

Powe r Suppl y Requi rements: 330 v at 36 ma; 
6.3 v at 0.4 amp. 

Power Supplies Recommended: 
Standard: TYPE 1203-B Unit Power Supply, 

115 volts, 50 to 60 cycles. 

Stabilized P"late Voltage: TYPE 1201-A Unit 
Regulated Power Supply, 105 to 125 volt , 50 
to 60 cycle:-;. 

Battery Operation: TYPE 1202-A Unit Vibra
tor Power Supply, 6- or 12-voit battery or 115 
volt., 50 to 60 cycle .. 

Adjustable Plate Voltage: TYPE 1204-B Unit 
Variabl Power Supply, l15 volts, 60 cycles. 

Figure 1. (left) View of butte rfl y c.ircuit in the Type 1209-B Unit Oscillator. 

(Riglrt) Rear view of T ype 1209-BL, showing how one of the parallel inductance branches of the butterfl y is 
remo ved to lower the frequenc. y range. 
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Constant Output Level vs. Frequency: TYPE 
1263-A Amplitude Regulating Power Supply 
with TYPE 74-VR Voltmet r R ctifi r, TYPE 
874-Q6 Adaptor, a.nd TYPE 274-NF Patch 
Cord, 115 or 230 volts, 50 to 60 cycles. 

Oscillator T ube: Sylvania Type RT 434. 

Mo unting: Aluminum a. ing . ·urrounded by 
spw1-aluminum. shi ld. A::>sembly is mounted 
on L-bhap<'d pand-and-chas i pi ·ce. 

Accessories S upplied: TYPE 874-R22 Cable, 
TYPE 974-C58 Cable Connector, Jones so ket, 
and telephone plug. 

Accessories A vailable: Modulator, Sweep 
Driv<'::;, Relay Rack Adaptor Pa.nehi arf' avail
abl a::; lllitc-d in Gen ra.l Rad io Catalog. 
Dimensions: Height 674: in., width 974: in., 
d pth 7 in., over-all. 
Weight: 6U lbs. 

Type 

Fig ure 2. Panel v iew of the Type 1209-8 Unit Osc il
lator. The new Type 1209- BL is identical in appear
ance except for the freq uency calibration on the d ial. 

Code Word Price 

1209- BL Unit Oscillator, 180 to 600 Mc . • . • • . . . . • . . . . . . •  [ ADMIT $245.00 

PH A SE- A NG L E  M E A SU RE M E N T O N  RHEO S TAT S 

An analysis of the effects of inductance 
and capacitan e, both lumped and dis

tributed, on the phase angle of a potenti
ometer used as a rh osta was presented 

in a previous article.1 The distributed 

capacitance was as um d to be between 

the winding and a conducting surface 

(the housing, a metal mandrel, a mount

ing plate, or a shi ld), and the curve of 

111. P. Hall, "The Phase Angle of Potentiometers u ed 
as Rheos-ta.ts," General Radio Experimenter, 32, 4, ep
tembcr, 1957. 

the phase angle ( 0) vs. fractional rota

tion (a) took various shapes, depending 
upon the potential of the conductor. 

These formulas and curves are sum
marized in Figure 1 .  The measured 

curves of the previous article were 

cho en to illustrate each effects parately. 

This article ·will de cribe the phase-angle 

chara teristics of several potentiometers 
to show how their curves depend upon a 

combination of several effects. 

F ig ure 1. 
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L = TO TAL INDUCTANCE 
C1 = DISTRIBUTED CAPACITANCE 

FROM WINDING TO CONDUCTOR 
C2 = LUMPED CAPACITANCE 

ACROSS RHEOSTAT 

www.americanradiohistory.com

www.americanradiohistory.com


5 

Measured Curves 

Measured curves of fJ vs. a for various 

potentiometers are giv n in Figures 2 
to 8. T'he {) values are all given for 1 kc 

in order to facilitate comparison, al

though many of the measurements were 

made at higher fr quencies in order to 

increase the sensitivity. The curves for 
the different types of potentiometers 

show quite a variation in magnitude and 

hape. The capacitan ces are more or less 

constant for all potentiom t rs of one 
type; a change in resistance should 

·hange only the resulting magnitude 

of 8. The inductance, however, depend 
upon the number of turr s and wire size, 

o that it will vary as the resistance 

chang s. The eff ct of resistance magni
tude is illustrated in Figures 5 and 7, 
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where two potentiometers of the same 

type are measured. 

On potentiometers that do not have 

a metal case, such as the General Radio 

TYPE 970 Series, the "no plate" c urve 

may be approached by using spacer to 
moun the potentiom ter to the metal 
mounting plate. Figure 8 shows he 

behavior of a TYPE 977 Potentiometer 
spaced >i inch from the mounting plate, 

which give ub tantial impro emen 

over th curves of Figure 5. The "float
ing conductor" curve often gives the 

lowest {) for potentiometers with a metal 

ca , but the case poten ial is affected 

by 1 arby object . . The "grounded con
ductor" connections usually result in 
an inductive phase angle, which can be 

easily compensa ed with a capacitor 
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a ro th t rminal� . ot too many ap
plications, however, would use this 

three-terminal connection. 
These m aQu r d urv s how some 

sirnllari y to th curv of Figure l, bu 
large diff Prences are apparent. The 
curves of Figure 1 show the eff t of 

each param ter eparat ly, whereas 

m asur ments on the potentiometer 
show t.he effects of several parameters 
sirnultaneousl .. 'Io illus rate t hese com

bined effects, Fig-ure 9 show. an a t mpt 

to synthesiz the cu ·v of Figure 5, 

with the following constants assumed: 

Cwp = winding-to-plate capa itan e = 

24 µµf, di tributed 

C1P = rotor-to-plate capacitance = 

3 µµ..f, lumped 

Cu·r = '-'rinding-to-rotor capacitance= 

4.5 µµf, distributed 
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c.4 = capaeit ance across terminals = 

1 µµf lumped 
wL 

fh = R = 2-!0 .uradians, constan 

As the variou ·· plate connections are 

made, the effect of Cwp chang a do 

the urve of Figure 1. Ho\ ever, CA i 
al way aero · the terminals, and the 

effect of Cwr is ahvays as given by the 

"conductor-tied-to-rotor" formula. The 

capacitanc Crp i. shunt d out in the 

plat -ti cl-to-rotor as , hunt the po
tentiometer when the plate is tied to the 
end, has no effec in the grounded-plat 

conn ction and i not pr ent when 

ther i no plate . 
These synthesized curves show a much 

closer approximation to the measured 

curves, but differences are till apparent. 

One ause of these differences is the 
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effec of capa itance from the -winding 

and from the mounting plat to ground 

or to fr pace, which may be several 
micromi rofarads. Thi capacitanc in
cr as if ground d s nfaces are brought 
near the plate. The eff of he winding
to-ground capacitance is the same a 

that of the capa itauce from winding to 

pla e in the "grounded-conductor" ca e 

when a direct measurement is made. 

This capacitance affects mainly the "no

plate" curve and makes it more po i i e. 

The plate-to-ground capacitance affect 

only the "floating-plate" curve, and, al
thourrh the effect is more compli at d i b 
mak s this urve more positiv al o. 

Figure 10 how an equivalent circui 

for the "floating" case with the ground 

capacitance added, where the 0 m asured 
E� 

is that of the direct impedanc , I . 
0 

Another reason for the differences is 
the assumption that he tray apaci

tances are evenly di tributed. For ex
ample, the a sumption that he winding

to-rotor capacitance is venly di tributed 

is only a fair assump ion for Serie 970 
Potentiom ter , which have a ring rotor 
structure, and would not hold at all for 

mo potentiometer . If there were ca

pacitances from the rotor to that par of 
the winding n ar the rotor contact 0 

1 
would vary as - - ra her than as - a? 

a 

Fig u re 10. 

'-PLATE 

C PLATE TO GROUND 

EQUIVALENT CIRCUIT FOR FLOAT I NG PLATE WITH 
CAPACITANCE TO GROUND-

JANUARY, 19·58 

o f r··i: 
I 

o I '""'o 

3.a ,..v, T'----- -��'='T_,__3_.s_"'_"'f_J ..... 

< c ASE 

EQUIVALENT CIRCUIT FOR POTENTIOMETER OF FIGURE 3 

figure 1 1. 

as it does in th e nly di tributed ca 

ot all the capacitance. are in lud d in 

the ynthe iz d plot . In addition to th 

ground capacitan e, th re i probabl 
orne terminal- o-plate capacitan e, 

which wa no aken into account. Ca
pacitance between variou parts of th 
winding may al o have a slight effe t. 

till another ff t i the pres n of 
lumped capacitanc s which vary '"ith 
a. For example, the capacitance from 

th terminal structure to the rotor will 
vary as the rotor is moved. 

The curv for he car boll' pot (Fi .. _ 

ure 3), which ar almo t straight lin -, 

may be closely approximated if only the 
lumped capacitan c:: shown in Figur 11 
are con idered. The area of the resi tive 

elemen in thi type of potentiometer is 
very small, so that distribut d capac1-

tan to the 1 ment are relativ l)r 

small. 
Summing up, we see that although 

a con1bination of . impl eff ct give an 

approximation to the measured urve , 

difference ar appar nt, which are 
caused by additional factors that ar 

much hard r to analyze. 

Phase-Angle Characteristics of General 

Radio Type 970-Series Potentiometers 

Because several customers have in
quired about h pha e-angle charact r
istics of our 970-s ries pots, approximate 

specifications are given below. Usually 

it is not necessary to know the exact 

shap of the curve; the extreme values 

will be suffi ien . The curve shapes are 
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TABLE I 
INDUCTIVE PHASE ANGLE 

APPROXIMATE fh in MICRORADIANS at 1 kc 

Potentiometer Type No. 971 972 973 974 975 976 977 978 
Type Letter Ohm. 

B 2 6500 
c 5 6300 9300 10600 
D 10 1800 3900 4900 9500 

E 20 740 1800 2200 4900 
F 50 620 910 1200 2 00 
G 100 460 610 50 980 
H 200 340 430 730 760 
J 500 350 410 640 750 90 
K lK 130 440 330 640 730 900 1200 

L 2K 72 102 147 275 360 610 20 9 0 
M 5K 63 73 120 170 215 420 6 10 990 
N lOK 30 68 80 120 165 210 240 730 
p 20 K 16 15 35 62 130 130 200 250 

Q 
R 
T 
u 

50 K} 
100 K 
200 K 
500 K 

For th se resistances, inductive effects are negligible compared to 
capacitive eff ct . 

TABLE II 
CAPACITIVE PHASE ANGLE at a= 1 

Oc max in MICRORADIANS at 1 kQ and 1 kc 

Potentiometer Type 971 972 973 974 975 976 977 978 
No Plat - 6.8 -11 - .6 - 9.4 - 7 -12 -13 -10 
to Ground + 3.4 + .4 + 5.7 + 3.3 +11 + 5.2 +12 +17 

Plate 
Connect d to Winding End -29 -33 -35 -36 -55 -57 -81 -8 1 

Rotor -26 -31 -30 -35 -46 -50 -66 -68 
Floating - 8.3 -13 - 6.5 -12 -14 -18 -20 -17 

Th valu s depend upon the dielectric constant of 
phenolic, whi h vari with bt tch and with frequency. 

quite similar for the variou siz pots, so 
that the complete urv can as ily be 

approx.--imated by drawing curves similar 

to those of Figur s 4, -5, and 6. 
Table I give the approximate value 

for eL, the component of () due to wind

ing inductance for each size of each type 

of pot, e ' ept for he very large rcRi -
ance valu where the inductive effect 

i negli gible compared to the capacitive 
effect . Table II give Oc •rw.x. the fJ value 
at a = 1 cau ed by the apacitive off ct . 

The value of Oc -max depend upon he 
conn ct:ion u ed and is negative ex ept 

for the groun d d-plate conncc ion. The 

mounting plates us d for th se rneasure

m nts w r square and the edge dimen

sion wa one inch greater han the di
ameter of the pot. 

To get the values at a = 1 the ap

propriate value of fh and Oc -max should b 

cho en. The value of () at a = 1 is then: 

() = f (fJL + R8c max) 
where f js in kilocycl and R in kil

ohm . a approaches zero, e, for the 

synth sized curves, approach ()L as 
shown in F igure 9. A tually, a E'h wn 
in Figure 5, the inductive compon n of 
() drop off at low value of a, wher the 

full extent of mutual coupling has not 

been established. 

Measurement Technique 

These measurements we1e made on 
a General Radio 'IYPE 1 60- -A Imp d

an · omparator
2

, u ing small fix d r -

2Hall, II. P., and Holtj(>, M. C., " High PrN·i,.:in11 
Impedanc Coni.parator," Genern.l Radin E..r:pnimrn/Pr, 
:JO. 11, pril. 1956. 
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sistors as phase-angle standards. This 

instrument presents on two meter he 

difference in mao-nitude and the differ

ence in phase angle be we n he standard 

and the unk:nown impedances. The hiuh 

n i ivity (one division = .0001 radian 

on the mo t sensitive range) and th \vide 

frequency range (100 , 1 kc, 10 kc and 

lOOkc)make pos ible mea ur ment over 

a very wide range of time constant 
(8/ w ). 

In the measurement, the rh o tat is 

adj usted for an approximate magnitude 

null and then th 6_(} value is read from 

th meter. For the mos precise m a -

ur m nts, the standard re i tor hould 

have low capacitance and hort leads. 

Because we ar interested in the (} dif

fer nee, he capacitance of leads to the 
rheo tat can be balanced out by u ing 

imilar leads to the standard. 

I is interesting to see how direct 

mea ·urement can be mad if the rheo-

tat if': adju ted for a magnitude balance. 
Th hunting capacitan ces A and CB 

(Firrur 12) have no ff ct in a direct 

mea urement. CA hunt half of the 

tightly coupl d bridge transformer and 

JANUARY, 1 9 5 8 

cau e negligible rror .if it is of reason 

abl ize (1 s than .0001 radian error 

for CA = 0.1,....f at 1 kc). The other stray 

capacitance CB, shunts the input and 

BRIDGE CIRCUIT WITH STRAY CAPACITANCE 
Figure 12. 

1 
causes an error of 2 L:::.R w CB, where L:::.R 

i the resi tance diff r nee betwe n 

the rheostat and the -andard resistor. 

It is of co urs impossible to set 

L:::.R = 0 par icularly for wire-wound 

poten i meters of limited re olution. 

H w v r, if CB i of the same order of 

magnitude a the capacita1 c cau sing 

the phase angle, the error is usually 

negligibl . 

Th author wishes to thank R. G. 
Fulks and .J. M. Flow r for making 

many of the m a ur men t u d in this 

article . 

-H. P. HALL 

THE NEW M I DWE S T  O F F I CE 

July 15, 1957, marked th op nino- of 

our new offic ir ak Park and the clo -

ing of the old office at 920 outh Michi-

gan Avenue in Chicarro, which had been 

i n  operation since 1943. During the in

ten erring years, the office had grown in 

izc mor than threefold. This expansion 

in per onn 1 together with our plan for 

a M idwest repair department made it 

necessary to move to larger quarters . A 

uburban location was d sirabl , b cause 

more and more of our cu tomers were 

moving away from the downtown area. 

Our nm lo ation at 6605 West North 

Av nu i in Oak Park about ten mil s 

w t of Chicago's Loop. Ea y acces to 

and from lo ation in hicago i pos

sible via North Av nue, the main east

west artery, or th Congress Expressway 

lo ated near by . Also, ever 1 north
south arteries, such as Harl m Av nu 

and Cicero A venue ar in the vicinity. 

Convenien publi ran porta ion is al o 

available, while tho who drive will 

find the location easily and will hav no 

difficulty in parking. There is a parking 

www.americanradiohistory.com
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lot at the rear of the b iilding as well as 
ample space on the adjac nt treets. 

There is a large d mon tration room 
equipped with represer tative Gen ral 

Radio in ruments and oon a good 

toclr will be available for over- he

counter sal 

The New Service Department 

One of the major con ·ideration in 

the new location wa to provide a co1n

plete factory rvice depar ment, and 

about one half the space is now devoted 

to servicing General Radio equipment. 

lfrcd J. Guay a factory-trained serv

ice engineer i in charge of this opera
tion and is ably assisted by xpert serv

ice technicians. T'his depar ment ha .... 

been in operation ince Augu t 1. Faeili

ti s arc availabl for tandardization 

Sales engineers at the Midwest office. Left, Bob Bard; 
right, Bill Ihde. 

r calibration, and r •pair of General 

Radio irn:;trum n ts. 

View of the new front door - 6605 West North Avenue, Oak Park, Illinois. 
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The 5e r v i ce la bo rato ry at Gen 

e r a l Radio 's ne w M idwe st offi ce .  

Left to right, Al G uay in charge 

of se r vice a cti vitie 5 an d Geo rge 

Han 5on. 

For tho cu tomcrs in terested m 
mak ing their own repair , a good st ck 

of replacement par j a ailable. 

Many . rvice probl m · can be sol ved 

by d i  e n  sing the1n "\V i th us.  Please call 

on Bi l l I hde or Bob Bard if yon hav a 
m asu remC'n t. problem , or Al Guay if 

J A NUAR Y ,  1 9 58 

you have a s r i ce probl m in conn ec

tion with G R  equ i pmen t. 
We cordia lly in vite you to cal l  or to 

visi UR a any tim . 

Telephone : Vl l l ag -9400. 

- \\ I L LI A M  1-\ 1 .  J H DE; 

S C I E N CE F O R T H E  B L I N D 

A u n ique pu blic ation, Sci nee Re
corded, ent red it .  t h ird year in Oc

tober , 1 957 . cience Recorded is a scien

tifi c  periodical , recorded on magn<'t ic 

tape, and s nt ac:h month to s m 200 
blind sub. crib rs in the Unit d tates, 

C rea Britain, Aust ral ia , an d Mexico.  

I t  :is  handled by a nonprofit organi za-

ion , Sci nee for th B l ind , a ub i iary 

of t h  Ph iladel ph ia Assoeiat ion for the 

Bl i n d .  I n  th e twelve mon th · cnd ing Octo-

ber, 1 957, o r 4000 tap were s nt out. 

Th staff is made up primarily of 

volunteers who s rve a r aders and 
m ai l er . The ed itor i Prof s or T. A. 

Benham of H averford Coll  g , who is  

wel l k n own for h i  work i n  the d v lop

men t and adapta ion of c i entific  in tru

m n t  for u s  by the blind .  

Among the ·our es o f  material for 

publ icat ion in cience Recorded i the 

General Radio E. ·perimenter. 

. . .  I M P O R TA N T . . .  

Be s ure to save the new General Rad io price list enclosed ,  and fi l e  with 

your Catalog 0 .  

Effective elate: January 20, 1 95 8  
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Ira G.  M ercer 

1G R  R E P R  S E N T.AT I O  
F O· R  H AWA I I  

a<l i 
77 A l  

n t i l lLm I 

r · t i  n T ,  l .  
n l u l u H a  ;vai i ,  h a.� 

• f'n r1 l H acl i  · _ r p r  -
T rr i t  ry f H.• \V ' · i .  

f t i  El 

m <l i r  • t  

m e  �t q u i p
m n t  n n d  i n  · l ru m  n t « ti n q u  . · t i l l �  L • • 

on l ia l ly in \· i t  c l  i o  g t j 1 1  t n w h  \\· i t h 

. ' I  h r  t · lPphonC '  

N W  O C K I  G S Y S · M F O R U N I T I N S T R U M, 1E N T S 
, n ra1 l ad i o  ( n i �  l 1 v t n 1 mr11 L } wy r  

J n r  p;t dut l . ·n ppl. · .  t .  
r L i i rPm r111  8 nu y c hC'f  at . 

'1'h i� f t i I l l" 

\\� i t h  1 h re rt ,  .uf! u l ai·-eu.h i n  i t. f 

u n i  i nR r i n  n t ,  i t  i . ·  possi l I ·  t ·om
l in I h i:-:i f < l u r  "· ] t h  t h e ! d \'an t  a� . •  of 
a. .· i nfrl .· t ru · t  tr . Th i s  i .. · uc.,eom pl ish ·d 

� t h  u. f 1 · k i l  g . t r i p.·, w h i  · h .  h e]  
t h  1 ow r-. 1 1  ply • t  l i t  n. n  l t h  1 1  -
. · i rn mf'11 i < ·a.hi t  ii. n  J y  t t l  •1· .' 

G en e ral 

---� 

fl. 9u re 1. 

t h  .. 1, l y ·an 1 h a n  l l  •c l a:-; , . j ngl . -
, ,m hl:v . Th l o  · k i n g;  � t ri p. ·  a 1·p u o w  , u p
[ ] iPd w i t h  aH rpC't ·1.np;t 1 l n r- · ·1 hinPt u n i t  

i n. r un n . .  I n . t a n <  I i n n  is  K i 1n 1  I , a .  
Hh wn 1 1  ' j o-w·0 I . ' "1 wo lo" k i ng 1 r i J  ,' 
a rc" H .' ' I .  one- nl. t h . t< p an I o n  n t  t h , 
l) l l 

R a clio Comp n y  
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