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rJ'I-IF-1 11\/IPORTANCE OF �1UTUAL CON"DUCTANC 
I� 'l'ESTING VACUUM l UBES 

G_By CHARLES T. BuRKE 

T
HE beha ior of a acuu1n tube 
may be predicted if its amplifi
cation factor, plate impedance, 

and mutual conductance are known 
for the given onditions. Other factors 

uch as inter-ele trod capacitances 
affect it operation, particularly at the 
high frequencies, but it i usuall_r 
j u tifiable to consider only the three as 
the principal parameters. They, or at 
]ea t their names, have become o 
familiar that their physical signifi
cance is obscured until the tend to be 
considered mere mathen�atical con-

tan t . 
This is particularl so of mutual 

conductance, which, because it can be 
derived from the other two, i so1ne
times thought of as a ratio without 
physical meaning. or testing pur
pose , however, mutual conductance 
i. the most important of them all. 
It e 'presses the excellence of a partic
ular type of tube as a power amplifier, 
a a detector, as a modulator, as an 
o illator. It is readily measured, and, 
with tubes having ;_ large plate im
pedance (screen-grid tubes, for ex
ample), it is the onl T one that can be 
1nea ured with simple apparatus. In 
thi article we propose to show why 
mu rual conductance is so important. 

The plate in1p dance of a vacuum 
tube may be defined as the ratio of 
the change in plate voltage to a cor
responding change in plate curren 
when the control-grid potential is held 
con tant. It depends upon the area, 
nature and temperature of the filament 
(electron-emitting surface), upon the 
area of the plate, and upon the spacing 
of the elen1ents. Except at very high 
frequencie when the inter-electrod 
capacitances introduce appreciable 
amounts of reactance it ma be on-

i der d to b a pure resistance. 
The amplification factor µ, defined 

as the change in plate potential pro
duced by a unity change in the grid 
potential when the plate current is 
maintained constant depends only 
upon the spacing of the element and 
upon the fineness of the grid mesh. 
It would be the all-important para
meter for a tube delivering power to a 
load whose impedance was large as 
compared with the internal plate im
pedance, and it is, therefore, of great 
importance in so-called potential am
plifiers (i.e. amplifier which are sup
posed to magnify voltage variations and 
deli er little or no power to the load 
circuit). If u h a circuit be well de
signed the amount of oltage ampli-
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fication * should approximate µ, the  
ampl ification fac tor of the  tube.  

It wil l  facili tate an explan ation to 
make u e of  Figure I a whic h  repre
sen t s  a vacuu m-tu be ampl ifier with a 

-Ip 
+ 
=s 

+ 
B 

FIGURE I. Schematic circuit for a imple vacuum 
tube amplifier: I a, above; I b, below 

load in  its pl ate circuit. This is an 
approximate equi ale n t  to the diagra m  
o f  Figure rb where an ideal transform er 
wi t h  a turns ratio equal to µ h as re
placed t h e  vacuu m  tube .  In its  econd
ary circuit i s  a resis tor represen ting the  
in  tern al  p l ate irnpedanc  of  the  tub  . 
The vol tage µeu i app l ied across Za and 
rp in eries, so we m a  write 

µe(J = iprp+ij)ZG 

or 

Then the  ol tage amplification (;:) i 

. µ Zo ( ) t r2o. . + . Z = µ + Z . I tprp tp o rp o 

*By voltage amplification we mean the ratio 
of the voltage appearing aero the load in the 
plate circuit to the voltage applied to the grid of 
the tL1be. 

Thi how t h at when Z0 is  m uch 

l arger t h an rp the quantity 
202 

rp+ o 

approxim ate] equ al  to u nity and t h e  
volt age a m p  ification i s  approxim ate ly 
equal  to µ; and t h at, when Z,, is  of the 
san-:.e orde1· of niagn i  tude or s m al l er  
th an rp, Z0 h as an important effec t  
up n t h  voltage an1pl ifi atio n .  For 
com paratively low values of Z0 the  
value of rp is  a dominating i nfluen ce . 

ince, in ge neral, the difficu l ty of 
building a l oad circuit increases 

·
wit h  

i ts i1npedance, i t  i s  d sirable t h at i t  
h ave as low an impedance as p ssible. 
Th i 1neans that the tube shou ld h ave a 
l ow impedance if the  greatest amount 
of amplification is t be obtained. The 
de i rabilit of the tu be as an amplifier 
is proportiona l  to µ and i nversely pr -
portiona l  to rp. Th ratio o f  µ to rp 
( ailed t h e  m u tu a l  conduc tance) makes, 
therefore an ex cel l en t figure of  m.eri t 
for expressing t h  desirability of a 
given vacuu m tube as an amplifier. t 

Physically, g111, the m utual  ndu t
ance of  a tube is t h e  ratio of  the  c h ange 
in pl a te current t h a t  i produced by a 
gi ven ch ange in grid potential when  
the pl ate p ten tial i s  h eld constan t 
as urning of our e t h at th ere is no  
load in  the  pla te circui t .  Thinking of 
the  m u  tu al conduc tance a the  effec
tiveness of grid-voltage ch ange n1 
producing p late- urrent c h anges em
phasi�es the physical m eaning f that 
qu an tity. 

In circuit using he creen-grid type 
of tube the  pla te impedance i u u ally 
m uch greater t h a n  any va lue of load 
impedance that can be read i ly  real ized 
in practice. Referring again to Figure r 
and a urning that there i s  a screen
grid tube in the  cir u i t  it wil l  be seen 
t h at eo wil l be equal to iJJZ0, and, b cause 

t Mutual conductance i al ' O  a figure of merit 
for a tub used as a modulator, oscillator, or 
detector. For a more complete discu sion ee 
H. J. van der BijJ, c_f'he c_f'hermionic Vacuum 
crube ( ew York: McGraw-Hill Book Co., 1920). 
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rp is large as compared 

b definition . hen the 
cation may be written 

. h Z Zp 
V1t o_,gm=-e(I 
oltag amplifi -

from which we see that the ol tag 
amplifi ation in a creen-grid tube is 
given by the product of the mutual 
conductance in to the impedance of th 
load. In the ideal creen-grid tube 
circuit the onl tube parameter of 
importance is the mutual conduc
tance . * The plate imp dance of the 
2 _4-type tub , now in quite general 
commercial use_, averages about 800,000 
ohms, which is large en ugh, as om
pared with m t circuit impedances, 
so that they need seldom be taken in to 
account wh n making gain computa
tions. 

For the rea ons set forth in the fore
going discussion, the mutual con
ductance of a vacuum tube ma_ be 
n1ea ure and th resulting value taken 
as an index of the excellence of a gi en 
type of acuum tu e. om care n1u t 
be used in saying that one type of tube 
is better than another because it has a 
greater mutual conductance, but n 
can without hesitation a that among 
tube of the aine type the greater the 
value f mutual conductance the 
better i the tube. 

This fact make it pos i b le to u e a 
1nea ur ment of mutual conductance 
a an inspection and acceptance test for 
tubes. Improper pacing of the element 
and fault r emi ion will both produce 
a lowering in the value of mutual con
ductance. This test will not show what 
i wrong but it will show whether or 
not the tube i defective. That is whv 
it makes a good test for the manufac
turer's producti n line. 

*Albert W. Hull and l . H. Williams," Char
acteristics of hielded-Grid Pliotrons/' Physical 
Review ,.XVII, April 19-6 p." 438. 

II 
Becau e mutual conductance is so 

important an indication of tube be
havior, particularly in reen-grid 
tubes, method of measuring it will be 
of considerable interest. The conven
tional method for n�aking this measu1-e-
1nent involve the use of a bridge cir
cuit de eloped b H. W. veritt t 
which is shown in Figure 2 .  

c 

------11111...__�,..,.., 

ip.-

FIGURE '.2. Functional chematic diagram of the 
bridge for mea uring mutual conductance 

Voltage from an oscillator is im
pressed across R1 and R3 and the out
put of the tube is connected across R'!.. 
The pha e relations in a vacuu1n tube 
are su h that the control-grid oltage 
i opposite in phase to an voltage ap
pearing across a resistance load in the 
plate circuit, which mean that the 

ol tage drops a ro s R1 and R2 tend to 
ancel each other. f b adj us ting Rt' 

the voltage drop aero s R1 and R2 can 
be made equal in magnitud , n ur
r n t will fl w through the telephone 
headset. In this condition of balance, 

This result is the n�u tu al conduc
tance of the circuit whi h equal that 
of the tube when R2 is negligible a 
compared with the plate impedance 

tH. J. van der Bijl Op. cit. 
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BIAS PLATE 
+BATTERY_ 

EVEREADY#734 4.Y2v � 
�-1111 

GRID .--���-t-����--e,__���-n 

+o 
LOW 

CURRENT 

HIGH 
CURRENT 

.. 
R, 

250...n..... 

PHONES 
+o • 2.0A '--���������������������--e---t,__�-o 

4.5.J"\.. I M.F. 

FIGURE 3. \ 'iring diagram for TYPE 443 Mutual-Conductance · eter. R3 is given a value of rooo ohms 

of the tube. ince this i the only ap
proxin1ation in ol ed in the bridge 
equation , this bridge inethod is n10re 

accurate the greater the value of the 
plate impedance of the tube. In prac
tice R1 is calibrated to read inutual 
conductance di rec tl v. 

Consideration w�ll show that this 
bridge may be used for in.aking meas
urements upon creen-grid tubes with

out the necessity of shielding even 
though at firs gl ance it might appear 
that shieJdin g mu t be us d. 

Shielding i nee s ary in any cir uit 
onl wh n there exist between circuit 
ele1�ents strav admittances that are 
comparable in. magnitude to the circuit 
admittances between the elements. 
In this bridge the adn1ittance between 

the plate and ground is of the order of 
1 o,ooo micromhos (R2 usu all being of 
the order of 100 ohms) and the adn1i t
tance between control grid and ground 
i 1000 micron1h . Stray adn1ittance 
ordinaril r occurring between leads 
and bet�een ba tteri es will be negligible 
by comparison at the te t frequencies 
of oo to 1000 cycles used in prac tice . 

To look at the matter in another way 
we may sa_ that shielding is necessa�y 
in a screen-grid a1nplifier circuit be
cause of the v r r high voltage amplifi
cation given by this tube when used 
with a high impedance load circuit. 
Voltage amplifi ations of as much as 
200 might be obtained. In the abo e 

described bridge cir ui t, however_, the 
ratio of voltage drop across the load in 
the plate circuit to the voltage drop 
across the control grid is of the order 
of a.I. In other words_, the 'voltage 
amplification" is about of I to 10 as 
compared with a ratio of 200 to I in 
the amplifier circuit. 

I II 
The General Radio Com pan has 

developed for con1mercial us a bridge 
for measuring the dynamic mu tu al 
conductance by means of the bridge 

ircui t that we have been discussing. 
ui table fixed alues of R2 and R3 are 

provided and the adjustment of Rt 
is made b ineans of a dial which is 
calibrated directly in m icromho . Sock

ets are provided for both the 4- and 
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prong tubes. A low-re i tance high
current and a high-resistan ce ] ow
current rheostat are included in the 
a sernbly a is a direct-current volt
n1 eter for mea uring :filament olt
ages . 

The TYPE 443 Mutual-Conductance 
l\leter is suitable for making measure-
1nen ts on all types of tubes with an 
accuracy of 5 per cent. depending some-

hat upon the skill exerci ed by the 
operator. It is simply necessary for 
him to insert the tube in the proper 

ocket, check the filament voltage-an d 
adj ust the dial until he hears a 1nini-
1num signal in his telephone h ead et. 
A true null balance is never obtained 
because the bridge makes no provision 
for el i m i nati ng the out-of-phase volt-

5 

age cau ed by the inter-electrode 
capacitances of the tube under te t. 

The error jn. rnea uremen t in tr -
duced b T neg le ct ing the vol tage drop 
across R2 is greater for tubes h a  ing a 

lnall plate impedan ce but if desired 
this error may be calculated and a cor
rection appli�d. The meter 1·eading is 
les than th true value by the product 

f roo . h d. o -- in to t e meter rea 1ng. 
rp 

\'Vhen n ew plate batt eri es are used 
the impedance drop th rough them will 
be small enough to be negligible. The 
internal impedance of the battery, 
however, increases with age, and, e -
pecially when measu ring tubes with a 
low plate-impedance-there may be an 
error due to this fact. l t can be prac-

F1cuRE 4. TYPE ++3 Mutual-Conductance Meter showing connection, for te ting a '.!:!+-type creen
grid tube. The panel is engraved for triodes 
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TABLE I 

REPRESENTATIVE VALUES OF 1UT AL COND CTA1 -cE 
FOR VACUUM TUBES IN GENER LUSE 

Type of 
Tube 

l I 

12 

I 12-A 
120 

I 71 
171-A 
199 
200-A 
200-B 

'201-A 
201-B 
210 
222 
224 

226 
227 
240 
245 
2 0 
842 
865 

Rheo tat 
sed 

LO\\' 
LOW 

HIGH 
L \V 

HIGH 
HIGH 

L \V 
HIGH 
LOW 

HIGH 
LOW 

HIGH 
L w 

HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 

'ilament 

Volts mperes 

l . 1 0.25 
I . J 0.25 

5.0 0.25 
., .3 0. 132 
5.0 0.50 

5 .0 0.25 

3.3 0.063 
5.0 0.25 

5 .o 0. 125 
5 .0 0.25 

5 .0 o. 125 

7 5 I. 25 
., .3 0. 132 
2.5 i.r 
I . 5 I .05 
2.25 I · 75 
5 . 0 0.2" 
2.5 r.5 
I . I . 2 � 

7. 5 1.25 
7. 5 2.0 

Control 
rid Bias 

olts 

-4.5 
-4. r 

-9.0 
-'22. 5 
- 40 . 5 
-40. r 

- 4 . 5 
0 
0 

-4.5 
-4.5 

-.15. 0 
-I ·5 
-l . 5 
-9.0 

-4. -

- .0 
-J+- -

- 4.0 
- 100. 0 

0 

creen 
Grid Bia 

Vol rs 

45 

12-

Plate lutual 
Batter Conductance 

Volt l\1 icrom ho,'" 

90 +2 

90 42-

I J - 1600 
135 510 
180 1500 
l 0 1500 

90 420 

45 670 

45 670 
90 7-+0 
90 740 

425 1600 
135 ... 50 
1 8 0 l 050 
1....,,. ,) 1100 

90 900 
180 '200 
I 0 I 00 

450 J 00 

4- 1200 
-= /'"O 

"'The values of mutual conductance given in this table are not intended to be tandard. For more informa
tion consult the data sheet issued by the manufacturer of the particular brand of tube under test and accept 
hi rating. ome manufacturer expres mutual conductance in milliamperes per volt; r milliampere per volt 
being equivalent to 1000 micromhos. 

tically eliminated by shunting the 
plate battery with a ondenser ha · ing 
a capacitance of about 2 microfarads. 

The current-carrying capacity of R2 
is great enough to make the mutual
conductance meter available for meas
uring tubes having plate currents of as 
much as 2 50 milliamperes. High plate 
currents, of c urse u ually mean high 
plate voltage and, inasmuch as the 
telephone receiver are connected in to 
the plate circuit of a tu be, it is impor
tant that the operator be protected 
against coming in c ntact w1 h any of 
the plate-battery terminals. 

It i desirable that tube be tested 
for short-cir uj ted elen1ent before 
being placed in the mutual- ondu t
ance meter. A glance at igure 2 will 
show that when any of the elements in 
the tube are short-circuited, the en tire 
plate batter is impressed across R2, 
and, although R2 will carry at least 250 
milliampere it will not withstand the 
hea vv shor -circuit current from the 
plate battery. If it is impractical to 
make a preliminary test for short-cir
cuited elements a protecti e rela or a 
fu e ma be inserted in eries with the 
plate battery. 
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l\fEASUREMENrI AT AUDIO FREQ_UENCIES 

G/Jy JOHN D. CR WFORD 

I
N the course of routine experimen ta] 

work in the laboratory there often 
oc urs the need for a con eni en t 

means of n1easuri ng the power deliv
ered by a device at frequencies for 
which the ordinar dynamometer

type of wattmeter fails. This proble1n 
might, for instance , appear when te t
ing the audio-frequency amplifiers of a 
public-address system or when makin g 
the standard fidelity, sensi ti vi ty, and 
selectivity tests upon radio receivers . 

In each instance the power output of 
the tested device is measured and then 
compared with a 1neasurement of 
either power or voltage made upon the 
input. 

The usual method for measuring 
power output is to make the device 
under test feed a resistive load whose 
resistance at the test frequency is 
known. Then, if the current to or the 
voltage drop across the load be meas-

ured, the power delivered to it can be 
easily computed from the relation. 

£2 
W= R or W=I2R (1) 

where W = power deli ered to the load 
in watts 

E = voltage drop across the load 
in vol ts 

I= current to the load in amperes 
R =resistance of the load in 

ohms. 

The accuracv of this method de
pends, of cour�e, upon the accuracy 
with which R and E or I have been 
detern1ined. Since Renters direc tly , the 
percentage error in W caused b an 
error in R is the same as the percentage 
error in R, but, because the square of 
both E and I are in olved, the percen
tage error in W introduced by errors in 
E and I is slightly more than twice as 
great. \i\Tith an error in E or I of per 

FJG 'RE I. The TYPE 486 Output Meter 
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cent., for instance an error of I-.: per
cent. in W results; with an error of 10 
per cent. there is_ an error of _ r .o per 
cent. in W. 

The en tire question of accurac y in 
measurements of this kind is one that 
must be carefully considered in choos
ing instruments. The_ hould be capa
ble of giving as accurate re uJts a are 
justified by the proposed test, yet, if too 
great an accurac be demanded, the 
cost of the instrument may increase out 
of all proportion to its usefulne . In 
making the standard tests upon radio 
receiver , for in tance the radio-fre
quenc _ voltage delivered b the be t 
available calibrated generator for labo
ratory use has a possible error of 5 per 
cent. in voltage. Little would be gained 
if it were necessary to build a pecial 
power-measuring circuit having an ac
curacv ery greatly in excess of this 
value� 

The indicating instruments most 
of ten used for measurements over the 
audio-frequency band are the vacuum.
tube voltmeter, the hot-wire am1neter 
and the thermocouple ammeter, all of 
which may be designed to ha e exceJ
len t frequenc -response characteris
tics. Cooperating with the General 
Radio Company, a large manufacturer 
of electrical instruments has developed 
a new alternating-current voltmeter 
which makes u e of four small copper
oxide rectifiers connected in circuit 
with a di rec t-curren t galvanometer. 
'i\Then alternating voltages are applied, 
the resulting rectified current cau es a 
deflection in the galvanometer whi h is 
calibrated directly in root-mean-square 
volt . The principal advantages of this 
instrument are its comparatively low 
cost and its ruggedness. It is abl to 
withstand a considerable amount of 
over oltage with no damage other than 
the bending of the pointer. 

The General Radio ompany has de
veloped for use in the mea urement of 
power output its TYPE 486 Output 

Iet r, shown in th photograph of 
Figure r. One of th new copper-oxid 
rectifier voltmeters with a fuJl scale 
reading of J volts is equipped with a 
multiplier which increases the full scale 
rea i n g to five, twent.) and fifty time. 
this va]ue. At the same time the input 
impedance of t1 e instru1nent is kept at 
4000 ohms so that in ffect there i a 
constant 4000-ohm load circuit with an 
adjustable-t·ange voltmeter connected 
across it. This i made possible by the 
L-type network h wn in Figure 2. The 

0 

50 

SERIES 

FJGCRE -·Schematic wiring diagram f r the TYPE 
-1- 6 Output Meter. The numerals beside each of 
the switch points at the left indicate the value of 

the multiplying factor for the voltmeter 

total re istance of the s rie arm and of 
the shunt arm (including the meter cir
cuit) is kept at a constant va]ue of 4000 
ohms and the ratio of the impedan e of 
the shunt arm and meter circuit to the 
total resistance of 4000 ohms i the 
multiplying factor for the voltmetei-. 

Inasmuch as the input impedance to 
the instrum.ent is known, the power 
de] i vered to 1 t can be computed from 
equation (r). The output meter with a 
ma imum range of r o volt and an in
put r sistance of 4000 ohms can there
fore, be used to Jneasure powe1· outputs 
of as great as 

(5ox3)2_"6 tt ---- - . 'a s. 
4000 

In addition to the factors already 
n1en tioned, th accurac of this instru'
n1ent depends upon the ·accuracy of the 
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n1ultiplier . The voltmet r itself i ac
curate to within 5 per cent. of its fuJI 
scale reading at frequencies between 25 
and 5000 cycles. At frequencies between 
_:-ooo and 10,000 c_ des the accuracy is 
"\; i thin ro per cent. of the full scale 
reading. The resistance units in the 
output meter are de igned and ad
justed to have an accuracy that is 
consi tent with the percentage error in 
the voltmeter itself. 

TH.ere is inherent in all meter of the 
rectifier type an error that cannot be 
overlooked. rl he impedan e of any 
rectifier is a function of the amount of 
current pa sing through it, and since 
the rectifier type of voltmeter that we 
have been discussing depends for its 
operation upon the measurement f 
different amounts of current, we may 
expect that its impedance will depend 
upon the voltage being measured. Thi 
has been found to be true and the TYPE 
486 Output Meter has under some cir
cumstance an error due to this fact. 

Measurements made upon the volt
meter used in the TYPE 486 Output 
Meter show that the impedance varies 
in the ratio of about five to three for 
deflections between o. 5 and 3 volt 
(full scale). This variation is partially 
compensated by shun ting the voltmeter 
with a resistance of such value that the 
tota] impedance of the resulting parallel 

ircuit is 4000 oh1ns when the volt
n1eter indicates 2 volts (two-thirds full 

cale). or deflections other than 2 vol ts 
an error is introduced in power meas
urements which depends upon the input 
impedance of the output n1eter. 

The error in the measured power is 
appreciable only when the multiplier 
switch is in the I position. Then the 
shunted voltmete.r is connected di
rectly to the input terminals and varia
tions in its impedance appear directl 
as variations in the impedance of the 
output meter, and, consequently, as 
errors in measured power. At the I .o
vol t scale reading, the power error may 

be as great as r I per cent.· at the -- ol t 
scale reading the power mea uren1 n t 
will be correct; and in the -volt seal 
position, the power error will be about<) 
per en t. The measured power will be 
low at the low end of the cale and high 
at the high end of the scale. 

V\hen the multiplier switch i in any 
other position, there is connected aero 
the hunted voltmeter the additional 
shunt arm of the L-type netwm·k, 
which minimizes the variations in in1-
pedan e so that when the multipl_ ing 
factor is five, twen t , or fifty th 
error introduced in the input in1pedan e 
and in the value of the muJtiplying fac
tor is less than one per cent. 

t first glance the error i nvol ed in 
the use of the directly-connected volt
meter in the output meter would 
appear to make it useless. Actually, 
however, most mea urements of output 
power are made at power levels greater 
than the 2.25 milliwatts represented by 
a meter reading of 3 volt . For in
stance, the standard reference powe1· 
level for use in making measure.ments 
upon broadcast receivers is 50 milli
watts .and. practicall . the only use f. r 
the low range n the output meter is in 
the neutralizing and ganging of tuning 
control by means of a low-power radi -
frequency oscillator. The output meter 
will also be found useful for measuring 
the amount of power-suppl hum that 
is present in the output of an audio-fre
quenc amplifier. or all of these uses 
the error in measured power is not 
serious. 

It is also a fa t that the low range f 
the output meter will usually be used 
for measuring voltage rather than 
power. For .this use, impedance varia
tions will cau e no appreciable error. 

The impedance of the output n1 ter 
was set at 4000 hms becau e that 
value is fairly representative of the 
average impedance of a high-impedance 
(cone-t_ pe, etc.) loud-speaker. F r 
making measurem nts upon amplifier 
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with self-contained output circuits for 
elivering power to a dynamic loud

speaker, the impedance of the output 
meter will be much too large. Here the 
instrument is in tended to be used as 
a oltmeter connected across an ex
ternal dummy load of suitable resist
ance ( 5 ohms, perhaps). 

The TYPE 486 Output M eter cannot 
be use in circuits where direct cur
rent is pre ent. The direct-current com
ponent 1nay be eliminated b the use f 
a suita le transformer or peaker filter, 

HOvV A WH 

or b r connecting a large condenser in 
series with the output meter. The con
denser should have a ver small volt
age drop across it as com pared i th 
the total drop a ross the output meter. 
For use at 25 c des for e ample the 
condenser should have a capacitance of 
at least 2 microfarad ; 4 microfarads 
would be better. 

The price of the TY1 E 486 Output 
1\.1eter is ,·34.00, the panel size is 7-3 '8 
inches b, 5 inches its weight is 2� 
pounds, and the code word is M_-\LA -

H F�,\_DER 

G_By H R rro \iV. LAl\1� o� 

W 
a urne that all of our 

r aders are fa1nili ar with th 
effe ti e n"lotion pi ture tech

nique the fade-out, whereby the close 
f a  scene is dissolv d by r tricting the 

field of iew towards the center of the 
picture frame and, at the ame time) 
r ducing the int nsity of illumination. 
This is usually accon1plished in the 

tudio b slowl closing one or two 
iris shutters while the camera i in 
operation or th fade-out ma be pro
duced in the proje tion booth b the 
manipulation of an iris shutter on the 
projector. \i\'i th the advent of . n
chronous and non- yn hr nou sound 
a companiment for motion pictur s, 
the need arose for an analogous acous
ti al fading-out device, the fader. 

The purpose of this instrument * is 
twofold. The acou tic al con.di tion of a 
theater, due to it dimensions, arc hi tec
tural feature , and especial! the size of 
the audience, varie con iderably from 

*Horatio W. Lamson, "How and \i\'hy the 
Talkies," General Radio Experimenter, III, De
cember, 19�8, and January, 19-9· 

tin1e to time, so that the fader er e 
fir t of all a a c n enjent m ans for 
con tr lling the v lum 1 vel f the r -
produced ound in order to achieve the 
most natural and pleasing results. The 
proper monitoring of a ound presenta
tion to meet the exi ting condition 
contribute gr atly to th ucces o f  
the program. 

The fad r al o pro ide for reducing 
the output of an e piring film or di c 
sound track to zero and ubsequently 
building up the level of the new ound 
track to the proper value. An abru t 
change b tw n th und tracks at fu11 
volume le el gives ris to uncle irable 
transients in the electri al v tern . By 
the use of the fader the cJ�ange fro1� 
on to the other can b made in uch 
small steps that it is not percei ed by 
the audience, and transient are mini
mized even though the transfer i made 
as quickl r as p ssible. T accompli h 
these purpo e the fader is built in the 
form of a two-sided or bilateral at
tenuator. \ Te propo e to discu the 
relative merit of various t�pes of 
fader . 
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The s i mples t c hem_e i s  shown i n  
Fi gure 2. P1 and P2 represen t  t wo 
p i ck ups ( for fi l m  or disc tracks ) ,  and s 
i s  a movable co n t ac t  w h i c h  s l i des along 
the resist ances R and co n nec ts to t h e  
grid of a n  ampl i fi e r  tube .  Here , be
c ause the t u be draws no e nergy, t h e  
fader operates a s  a si 1n p l e  vol t age 
di i der h avi ng a to tal  res i s t an ce of 2R. 
The l oad R i n  w h i c h  each p i ckup i s  
t erm i n a ted s hould h ave a v alue ap
proxi m a t i ng the i mpedance of t h e  
pi ckup i f  i t  i s  desi red to m a tch i mped
an ces . 

The adj us t able res i stance i n  a l l  o f  
t h ese faders rn av b e  constru c ted i n  one ol 
of t wo forms :  as a con tin uous l y-ad-
j us table s l i de-w i re o r  as a s tep-b '-s tep 
atte n u a tor i n  w h i c h  a contact-s tud type 
of s w i tch adj usts the a t te n u ation i n  
p rede term i ned disc re te i n c rem e n ts to 
gi ve any desi red c al i b rati on scale, 
w h i ch ,  h owever,  is usual l m ade u n i 
form i n  deci bels .  T h e  s J i de-w i re type 
1n av l i ke w i se h ave a scale cali brated 
u n i form l y  i n  deci bels i f  the form upon 

I I 

w h i c h  t h e  w i re i s  wou nd be c u t  i n  the 
proper sh ape . 

The c a l i bra tion o f  the arrange m e n t  
shown i n  Figu re 2 i s  s i mple,  s i n ce n o  
power i s  dra w n  fro1n t h e  ou tpu t .  I f  r 

R u-· 

------6-----1 1 1�--
R 

F G G R E 2 

be t h e  res i s t a n ce be t een s and t h e  
fi l amen t ,  then t he n u m be r  N o f  deci bels 
a t tenua tion for a n _  p a r t i cu l ar c a l e  
pos i t ion o f  s i s  g i v e n  b y  

1"  
= 20 I o- - · o R  ( r )  

I t  i s  ofte n desi rable to i n terpose a 
tran former be twee n t h e  p i ckup a n d  
t h e  amp l i fi e r. I n  t h  i s  c ase t h e  fader 
arrange m e n t  s hown i n  Figu re 3 migh t 

FI G U RE I .  The General R adio TYPE 5 9 8  Fadei-.  A. t  the l e ft i s  t h e  fader pro p e r ·  a t  the righ t i s  t h e  
" du m m y " o r  auxi l iary con trol . I n  practice t h e  two are m ec h a n i cally coupled 
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T1 

dr5J ______,R 

+-----+-------i1l I i--.___ .... 

c[],,,�R 
Fw ' R E  3 

be used .  I-:Iere the  va lue  o f  R hould be 
q u i te l arge o t h a t  the urre n t  drawn 
from the  e o ndarv coi l s  of  t h e  trans
formers T 1  and .T2 w i l l  n o t  be of 
suffi. ci n t m agn i tude to m_J u re the i r  
frequency-response h aracterist ics .  The  
ca l i brat ion equation i s  o f  cou rse the  
same as t h a t  for the arrangemen t of  
Figu re 2. 

The faders fun c t ion i n  bot h  Figu res 2 
a nd 3 p u re ly  as ol tage d iv iders. \Vh e n  
the  m ethods are used, i t  i h ighly de-
i ra b l  t h a t  th fader be m ade an 

i n t  gra l  part  of the  ampl i fier so t h at 
t he l ead conn ct i ng s to t he gri d of  th  
tub  m ay b sh ielded and kept  as 
hort  as po s i ble .  Suc h  a p roc <lu re i s  

f, as ib Je  i n  n n- y n c h ron ized equ ip
ment ,  bu t i t  i not o desi rable w i th 
s y nc h ronized apparatu w h ere i t  i 
m re con ven i  n t  to h ave th  fader i n  
the  form of a s p ar ate u n i t a t  a d i s-

FI G U R E + 

tance fro n1 t h e  a n1pl ifi  r and ad 1 ace n t  
to t h e  operator tandi ng b s ide the 
proj c t ion m ac h i nes . Thi  er  i ce re
qu i remen t ln a: b m e t  by ln ak i ng t he 
fad r operate not  as a o l tage div ider 
bu t a a cu rrent  a t tenuator.  

The method f F i gure 4 uggesr. H-
el f. T h i  is an L-t . pe network i n  

w h i  h both the series and h u n t  arm� 
are adj ustable i n  uch a m an ner t h a t  
the i r  u m  rem a i n s  constan t a n d  equa l  
to R. Such  a n  arrangen1en t i s ,  h owe r ,  
u ncle i rab le  for two reason . F i rs t  the  
m a tc h i ng of the p ickup and load i m
pedan es i n  bot h  d i rect ions  is  poor, 
and,  econd the ou tpu t c i rcui t bei ng 
l argel . i nduct ive,  t h e  a tten u at ion  for a 
gi e n  e t t i ng of  the  fader is  a funct ion  
of  the  frequenc . h e  resul t i ng uppres
sion of the  h igher  h armonics caus s d is
tortion .  

These 
l argely 

difficul t ies ni.ay, o f  cou rse , be 
overcom e  by em.ployi ng a 

FI G U R E  � 

fader w h i c h  con si s ts of  a n  adj ustab le  
H- or T-type ne twork after the m an ne r  
hown ( for a T-type) i n  F igu re ,. w h i c h  

requ i res t h ree l i di ng c n t:act . To 
i nc rease the  atte n uat ion the two re
s i stances X1 and _X-2 a re j ncreas d ,  
a n d ,  i mu l taneous l .  t h e  r s i s tance r 
i s  decreased.  Th i ideal network re
q u i res a comp l i ca ted and expens i  e 
swi tc h i ng 1nec h anis 1n w h i ch represen t  
for ta lk ing pictures,  a greater refi ne
men t t h an is warran ted i n  prac t ic . 

The  fi rst  tep toward obtai n i ng an 
ec nom ical de ign w i thou t  not i ceabl y 
sacr ific ing qual i t . i hown i n  the com 
pensated fader o f  F igure 6 i n  w h i  h a 
coni.pen a t ing res istance C i adj u ted 
i n  y n chron i m w i th R. This  gives u 
a n  adju tab le  T-t,  pe network i n  w h i  h 
t h e  total  res istan e of ne ser ies arm. 
p lus  t h e  sh u n t  arm r rem ai ns n tan t .  
I f  t h e  adj ustable ser i  r compensat i ng 
arm C e located , as ho'· n n the id  
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tow ard t h e  pickup , i t  i p o  i b l e  b \· 
p roper design to m a i n t a i n  the i m ped
ance i n to w h i c h  the p i ck u p  works a t  a 
const a n t valu e .  Th i s  i s  the m o  t i rn 
porta n t  m a tch i ng req u i reme n t .  The 
i m pedan ce loo k i ng back from t he load 
w i ll v ary be tween R and some m.ini
m u m  value,  b u t  t h i s  i s  re l a t i vely u n i m
portan t .  To i nc re ase t h e  a t te n u a t i on 
t h e  sl iding con tac ts are m oved so a 
to red uce r a n d  i n crease C. The ca1 i
bration o f  such a fader presen t too 
l engthy a problem for a n al . s i s  here . 

I t  h as been found i n  prac ti ce t h a t  
the fader s ho w n  i n  Figure 6 m ar be 
fu r t h e r  si mpli fied and s t i l l  gi e su ffi -

I R  
r 

FIG U R E  6 
c i e n tly corre c t  i mpedance rel a t i o n s  to 
p re ven t i n toduc i n g  n o t i ce able di  t r
tion . Th i s  i s  accomp l i sh ed by g i  i n g  C 
a fi xed value o f  t h e  proper amou n t .  
\:\'e now h a ve a T-t ype n e t work i n  
w h i  h one series arm C i s  held constan t ,  
wh i le t h e  o t h er series arm a n d  t h  

F1c u RE 8 .  View o f  TYPE 598 Fader · hewing 
connection panel and s e l ector switch for c h an gi n g  

from fi l m  to d i  c track 

h u n t  ann are v aried i n  such a 1n a n n e r  
t h a t  the i r  su m rem a i n  const a n t  a n d  
e q u a l  t o  R. Th i s  n e t work g i v e  t h e  
corre c t  i m.pedan ce l ooki ng ou t fr0 1n the 
p i  kup a t  only one se t t i ng w h i ch i n  
prac tice i cho e n  a t  approxi m a t  J r  
two-th i rds o f  the fu l l  volume lev e l . 

The schem a ti c  d i agram for a fade r  
arranged for econom T of resi s t a n ce 
u n i t and h av i ng fi xed com pensation 
a n d  a tep-b _ -s tep adj u s t me n t  of 
a t tenu a t i o n  i show n  i n  Figu re 7.  

Fader fo r  s y n c h ro n i zed eq u i pm e n t 
freque n tly carry a selector sw i tc h  (not 
s hown i n  Figu r 7) for h i ft i ng t h e  
pi ckup term i n al  from the fi l m  to the  

l 
; 

o- - - - - - - - - - - - - -

Fr e e  R E  7 .  Schem a t i c  di agram for a fader l ike that s hown in Figure I and 8. The connec t i o n :>  for the 
selec tor swi tch nre not shown 
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disc sound t r ack . S u c h  fader are 
u u a l ly pro v i ded w i t h  fi fteen s teps on 
e a c h  s i de wh i c h  a re ali bra ted t o  gi e 
a bo u t  t h ree dec i bels a t te nu ation eac h .  
Th e m a  , o f  cour e ,  be design ed to 
h a  e any desi red i mpedan ce and a t ten
u a t i on but in order to m i n i m i ze i n
duc t i ve i n terfere n c e  i n  t h ese c i rcu i ts 
w h i c h  are c o n n e c ted to t h e  i n pu t o f  a 
powerfu l  amp l i fi er * t h e  i mped a n ce 

h u l d be kept as l o w  as pos i bl e .  Thus,  
the ery h igh  i mpeda n ce photo-e l e c t r i c  
c e 1 1  i s  conn c te d  to an ampl i fi e r  l oca ted 
adj acen t to t h e  cel l .  r he s i gn a l  from 
t h i  an1plifier,  w h i c h  h as a low i n ternal 
o u tpu t i m pedance is su bsequ en tl y fed 
i n to t h e  fade r  a t  approxi m a tely t h e  
s a m e  en erg , l e vel o b t a i ned d i rectly 
from the d i sc p i ck up . 

I n  order to m i n i m ize i mpedan ce 
ari a t i o n s  or to m a tc h  u n l i ke i npu t 

a n d  o u tp u t c i rcu i t  i m ped ances,  i t  i 
oc c as i on al ! _  t he practice to i ns tal l 
fi xed n e tworks or p ads before a n d  
a ft r t h e  fade r .  u c h  p ads nece ssar i l y 
i n troduce a certa i n  amou n t  o f  at ten u a
t io n  w h i  h in u t be compensated for b .  
a n  i n crease i n  t h e  o ve r-al l ga i n  of t he 
ampli f i n g  sy tern . 

For on ve n i e n ce of the ope ra tor t h  
fader i s  usu al lv i n s talled n e a r  one 
p roj ec tor ; and ;. dum1ny con t rol u n i t ,  
c a rry i ng a dupl i c a te scale, i mou n ted 
bes i de the o t h e r ,  t h e  du m m y  a n d  t h e  
fader bei ng j oi ned b appropri a te 

h aft i ng .  I n  cer t a i n  i n s ta l l a t i o n s  a u x i l i 
a ry c h ange-ove r  sw i tc h ing mec h an i sm 
a r  placed i n  the dumm c n trol u n i t . 

I n  des i gn i ng the variou m ec h a n i c al 
fea tu res of t h e  fader i t  sh ou l d  be 
borne i n  m i n d  t h a t  m o t i o n  p i c ture 
t h e a ter are s c a t tered far and w ide 
over the land and that a l arge m aj or i t  

f the m  d o  n o t  h ave i mmedi a te ac
e to a trai n e d  tech n i c i an . Unlike a 

v acuun1. tu be or a p ho to-el e c t r i c  cell ,  
a defecti ve fader c an n o t  b e  repl aced or 

* Op. cit. 

rep a i red i n  a m o1n e n  t '  ti n1 e .  A fai lu re 
o f  t h i s  de v i c e  wou l d  seri ously i n terrup t 
a program s c h edu l e .  

I t  i s ,  the refore o f  p a ramou n t  i rn 
por tan e t h at ,  i n conj u n c ti on w i t h  
t h e  a m pl i fi e r a n d  assoc iated equ i p
m e n t, th e fade r  be rugged i n  o n s t ru c
t i o n  and as free from service t rou b l e s  
as good desi g n ,  w or k m a n s h i p ,  a n d  .m a
ter i al s  c a n  i n su re .  T h e  co n t ai n i ng cabi
n e t  an d swi tc h i ng 1n ec han i s m  s h ou l d  
b e  rugged l y  bu i l t  an d r igidly m oun ted 
so t h a t  t h ey w i l l w i th t a n d  an i n defi
n i te a m ou n t  o f  ordi n ar h an dl i ng . 

I f  a d u m m y  con trol be u se d ,  t h e re 
m u s t  be n o  app reci ab le b acklash be
tween the d i a l s  of t h e  du m n1y a n d  n1 as
ter u n i ts .  E a r l y  t pes of faders m ade 
use of a r a  k an d p i n i o n  drive be tween 
t h e  u ni ts.  Th i w as soon fou n d  to 
be u n s ati  fac to ry and w as super eded 
by bevel gears and s h a fti ng equipped 
wi t h  u n i versal  j oi n ts to rel i ev e i n
accu raci es i n. t h e  mou n ti ng al ign m e n t .  
The most recen t  d e  ign , i n t rodu ced by 
t h e  G neral  R ad i o  Corn p a n  a n d  i l 
l us t r ated i n  Figures I a n d  8 ,  el i m i n a te 
the  need for be e l  ge ars a n d  req u i res 
o n l y  s t ra i gh t h a fti ng and u n i versal  
j o i n t s be tween th d i al s  o f  th e m as t  r 
fader a n d  h e  dum m  con t rol . 

I t  h as been fou n d  t h at a p roperl . de
signed s tep-by-s tep c o n t a c t  s w i  c h  i 
qu i eter a n d  m ore rel i able i n  i ts l ec
tr i c al oper a t i on than t h e  ord i n a r f rm 
o f  con t i n u ou s !  -vari able s l ide w i re . 

C are m u s t  be take n ,  h we er,  i n  t h e  
proper c h o i c e  o f  m a teri a l s  for the c on 
tact  s tuds and brushes i n  order to ob
t a i n  a con� b i n a t i on w h i c h  s h a l l  be free 
from oxi da t i on w h i c h  m ig h t i n troduc 
err a t i c  con tac t res i s tances.  i nu te 
cu rren t v a r i a t i o n s  produ ced t hereb . T  
after e nor m ou s amp l i fi c a ti on , wou l d  
i n trodu c e  espec i all . a t  h i gh volu m e  
l e ve ls , a d i s agreea bl e  sc r a t c h i ng n o i e 
i n  t h e  l ou d p akers w h e ne er the fad e r  
w as in anipu l a ted or su bj ec te d  t o  
J arring.  
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U R I N G t h e  past fe w n1. o n t h s 

t h e  Ge neral  R a d i o  C o m p a n y  
h a s  bee n m a k i n g  exte n s i v e  

c h a nge i n  i t  orga n i za t i o n  fo r t h e  
h andl i ng o f  engi neeri n g  i n form a t i o n . 
Th ese c h a nges h a v e  m ade neces ary t h e  
com b i n i ng o f  t h e  J u l y a n d  t h e  L\ u gu t 
i ssue o f  t h e  Experim enter. 

T h ose reader o f  t h e  Experim enter 
w ho fol lowed t h e  d i sc u ss i o n  o f  t h e  n e w  
General R a d i o  s y s te m  for d e te rm i n i ng 
freq u e n c ,  t h a t  was descri bed b J .  K .  
C l ap p  i n  t h e  M a rc h  a n d  A p r i l  i ssues 
wil l  be i n terested i n  k no w i n g  t h a t  n1 or 
data i s  now a va i l a b l e .  The n an1. e 

S t a n d a rd- Freq u e n c y  A sse m b1 " h as 
bee n g i ve n  to t h i  com b i  n a t i o n  o f  
work i ng sta ndard,  m u l t i v i b ra tors, an L 
t i m i ng m ec h a n i sm s .  

Cop i e s  o f  t h e  new desc r i p ti ve J i  tera
t u re m a  be o bt a i ned by wri t i n g  for t h e  

u pp le1nen t a r y  I n form a ti o n  S h ee ts o f  
t h e  500- eries.  t t h e  s a m e  t i m e  
t he p a r t i cu l a r p ro b l e m  i n  t h e  n1. easu re
m e n t  of t i m e  or fre q u e n c y  w h i c h  
i n  tere t y o u  shou l i be m e n ti o n ed . 

* * * * 

T here w i l l  be e n c l osed wi t h  t h e  Sep
tem be r  i ss u e  of th Experirnenter a 
return pos t al m ai l i ng c a rd u po n  w h i c h 
readers w i l l  be a ked to i nd i c a te 
w h e t h e r  or n o t  t h e y  w i s h  to con ti n u e 
u po n  t h e  m a i l i ng l i st .  \l\1e m e n. ti n t h i s  
now so t h a t  _ ou m a .  be l ooki ng fo r i t . 

* * * * 

I n  M r .  B u rk ' s  a r t i cle on the m e a s
u re m e n t  o f  in u tu a l -conduc tance h 
s t a tes (page ) t h a t  t he TY P E  443 
M u t u a l -C o n d u c t a n c e  i eter m a y  b e  
u sed to m ake m e as u re m e n ts u p o n  
tu bes h av i n g p l a te c u rre n ts as gre a t  as 
- so m i l l i a m pere . T h i h o l ds true on l y  
for i n s t ru m e n t s  be ari ng a eri al n u m be r  

o f  7. J  o r  h i gh e r .  Th ose w i t h a s m a l l e r  
ser i a l  n u m  her h av e  a m a  i m u m  c u r
re n t-carr y i n g capac i t y  o f  a bo u t 6 
m i l l i a mperes . 

A n  one h a  i ng a m e ter w i t h  t h e  l w 
p l a te -c u rre n t ra t i n g w h o  w i s h e s  to 

on ert it  i n to one wi t h  t h e  h i gh-cu rre n t  
r a t i n g ,  m a y d o  s o  b .  rep l ac i ng t h e  
p l a te res i s tor R2. T h e  pri ce of t h e  
rep l ace m e n t  res i s to r  i s  '$ 1  .oo. W h e n  i t  
i s  i n s tal l e d  by t h e  General  R ad i o  
Comp an , t h e 1·e i s  a n  addi t i o n a l  ch arge 
o f  $ .oo to cover t h e  cost o f  l a bo r .  
There i s  n o  reason w h y  a n yone w h o  
c a n  d o  a good j ob of o l deri n g  s h ou l d  
n o t  m a ke t h e  h a n ge for h i m se 1  f. 

-·· ..,_ * * 

I n  t h e  J u n e  i ss u e  o f  t h e  Experim enter 
we p rese n ted a fe p rel i m i n ary spe c i fl 
c a ti n s  a bou t t h ree n e w  tes ti ng i n
s t ru m e n t  t h a t  t h e  Gene ral Rad i o  

o m p a n  w a s  prep ari ng t o  m a n u fac
t u re fo r rad i o  e rv i ce l a boratorie . 

T h e  si tu a ti o n  w i t h  resp c t  to t h  
TY P E  3 60 Te t 0 c i l l a to r  a n d  t h e  
TY P E  404 Test-Signal  G en e ra tor re
m ai n s p rac t i c a ll y  u n c h anged . The for
m e r  i s  h owe er a bou t to go i n to 
p rod u c ti o n  pe ndi ng a n  i n spec t i o n  b y  
t h e  R ad i o-Vi c to r  orpora t i on o f  .. m r
i c a  to see w h e t her i t  1n ee ts t h e  erv i c  
test i n g  req u i re m e n ts o f  t h e  R ad i o l a  
su perheterod y n e  recei vers.  I t  w i l l  be a 
ge neral-pu rpose test i ng i ns t r u m e n t  fo r 
use wi t h  a l l  types o f  recei v i n g  se ts w i t h  
add i t i o n al c i rc u i ts fo r tes t i n g  supe 1-
h e terody nes.  

T h e  pri  e w i l l  be '$ 1  lo.oo . Ord e rs a re 
n ow b e i ng acce p ted for del i v e r . Oc to
ber 1 0 , a n d  fi n al specifi c a ti o n s  w i l l be 
a n no u n ced i n  t h e  ne t i ssue of t h e  
Exper£menter. 

T h e  fol l o w i ng i s  q u o ted fro m t h e  
p rel i m i n ar descri p.t i on o f  t h e  T Y P E  
404 Tes t- i gn a l  Generat r t h a t  ap-
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p ared i n  th  J un i ssu of the Experi
menter: " I t i l l  h ave a modul ated 
vacuum-tu be osci l l a tor capable of be
i ng operated at any fr q uency i n  th 
broadcast band. Across the ou tpu t of 
this  osci l lator wi l l  be connected an 
a t tenuator or voltage divider  so th at  
known radio-freg uency vol tages may 
be i mpressed upon the  input  circu i t  
o f  the receiver. By measuring outpu t 
power . .  � a n  approximate frequency
response cur e may be obtained for 
the recei er. ' '  

T h e  price and del ivery date o f  the 
TYPE 404 Test-Signal Generator will  be 
made la ter on. 

* * * * 
The TY P E  598 Fader i l lustrat d o n  

pag r I is the newest design o f " fad r 
that  the General R adio Company i 
buildi ng for the talki ng moti on pi  ture 
i n  u try. or a forthcomi ng i ssue of 
the Experimenter we are p repari ng a 
descripti ve summary of  the  faders and 
of the resistance networks capable of 
be ing adapted for use as faders ,  w h i c h  
are m anufactured by this company.  

The T P E  598  Fader i s  bui l t  on ly 
t rder. Prices wi l l  be  quoted on appl i-
cat i  n .  

* * * * 

The General Radio Company takes 
pleasure in a nnou ncing that Harold 
\iV i lk ins  joined i ts staff on July r ,  as a 
m rn ber o f  the Engi neeri ng D epart
rnen t,  special iz ing on mechan ical de-
ign problems.  M r. 'iVi l ki ns was gradu

a ted from the course i n  electro-chemical 
engineering a t  the M assachuse t ts I n
sti tu te of  Tech nology i n  1 9 1 4.  He h as 
been wi th the  Bureau of M i nes a nd 
wi th the C hemi cal vVarfare Service of 

the . .. A.rm y . S i n  e 1 9 1 9 he h as 
been engaged i n  mechani cal and ele -
trica l  engineering work for Gra and 
Da i s  of Cam bridge H.  C .  Dodge 
I n c . ,  and t he S .  A .  \iVood M ach i ne 
Compan of Bo ton .  I n  t he year iu t 
p assed he h as been conduct i ng a con
su l t ing busi ness and making experi
mental  i n vestigations on electrical 
refrigerators, oil burners, and house
hold appliances. 

M r. Wilki ns 1 s  n w work i ng on 
several new i n stru ments among which 
i s  a new synchronous - 1notor-dri ve n  
clock that  w i l l  supersede t h e  TY P E  4 1  l 
S nchronous Motor. 

C O NTR I B U TORS 
T h e  con tri b u  tors to th i s  i ssue -of the 

Experimenter are al l  members of  the 
General Radio Compan y's Engi neeri ng 
Department :  

CHA R L E  T .  B c: R K E , . B . ,  .1\l assachu
setts I nst i tute of Technolog , 1 923 
S . M . ,  1 924.  , , Engi neeri ng Depan
men t ,  General Rad io Comp an , l 924 to  
date.  

J oH D .  C RA W FO R D ,  S . B .  Ma a
chusetts I nsti tu te of  Tech nology , 
·1 927 . ., ., The Technology Review 
i 927- 1 929 . ., ., Engi neering Depart
m en t  and Editor General Radio Ex
perimenter, General  Radio Company,  
1 929 .  

H O RATIO \ - . LAM o S.B.  M assa-
hu et ts I nst i tute of Technology, 1 9 1 5 .  

., ., A . M . ,  H arvard U n i versi ty, 1 9 1 7  . ., ., 
Ph sicist a nd Radio Engi neer, U. 

avy, 1 9 1 7- 1 92 1 .  ., • Engi neeri ng De
partment ,  General Radio Com p a n y ,  
1 92 1  to  d ate. 

The General Radio Experim en ter is published 
each month to furnish descriptions of the latest de

velopments in General Radio apparatus and to dis

tribute useful engineering information. It is sent 

without charge to interested persons . Address re

quests to the 
GENERAL RADIO COMPANY 
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