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GENERAL RADIO EXPERIMENTER 2 

RANDOM EMISSION COMPENSATION 

e OW I N G  TO I T S  AMPL I FY I N G  
P R 0 P E RT I E S  and it high inpu L 
res.i tan , the a uum. tube i idealJy 

uited to the prob! m of mea uring d-c 
potential . Inherently stable circuits 
cm.ploying d gen rati n and a clo ely 
regu]ated p wer our ar required if 
the acuum-tube vohmeter is to b used 
for mea uring mall potential . s a 
further ·e.finement, i L i nece sary ·to 

hield magneticall an<l l ctrostatically 
the mo t sensitive tub or tubes of the 
·ir ·uit; all lead entering the shielded 

compartment mu t b arefu lly filtered; 
sh0<'k :mounting 1 n eded to avoid 
mi rophoni · . 

When th p ·e ·aution' ha e been 
taken, the ensitivity n1ay be increased 
Lo the point wher irregulari ie in the 
el ·tron tr am arc he dominant cau 
of unwante flu tuation in the output. 
The e irregu]aritie annot be elimi­
nated. The are due to the cry nature 
of 1 Lron mi ion: 1 tron are freed 
from th ath de or filament in a ran-
dom fa hion; th pu h and jolt n 
another in a mad cramble to e ap the 
h at d mi ter v ry mu h lik pop or11 
on a h t tov and i t  i only becau of 
th ir vast numbers that in normal usage 
the pre ent a e ming ·on Lant flow. 

FIG RE 1. 
with grid 

Eo 

h mati diagram h wing 1.ub 
onnect d t 1npen at for 
random erni sion. 

in.ce the random flu tuation cannot be 
eliminated, the only recourse is to de­
vise a ompen ating mechanism. and this 
i:mm. diately ugge t ·the use of a multi­
e lectrode tube wherein sever al a venue 
are available for getting at the el ctron 

Lr am. 
Pentagrid- onverter-type tub s are 

supplied with se eral grids interpo d 
between the cathode and the plate. u h 
a tube can b conne ·ted as shown in 
Figure 1 at no sacrifice in gain, and, if 
the operating potential are properly 
·h sen, fluctuation in em· ion will pr -

du · no chaug in ·th output · oltage. 
The me hanism of com ensation per­
atc a follow : an in r a in electronic 
em1 s1o:n cau n.ore ·urrent to fl w 
through R1; the oltage al grid o. 2, 

·o. 3, and o. 5 i redu ed becau of 
the oltage drop in R1. Since grid o. 5 
i b tween th control grid ( o. 4) and 
th plat , the current flow at the plate 
i affected b two omp n. ating ff. t : 
the in rea in electronic em.i sion and 
the de rea in grid . 5 oltage. As a 
net i·e ult, th urrent flo, at the plate 
remains unchanged in pit of random 
flu .. tuations in th 1 tronic trearn. 

Figur 2 illu trate the deg1·e of com­
p n ation. that may be expected. To 

imulate random fluctuations the fila-
ent olt age of a 1D7-G type tube wa 

chang d over what i reall an enormous 
rang , con idered in terms of normal 
emi sion fluctuation. in e we ar in­
ter t cl in the ability of the d((vice to 
mea ure mall voltages, the change in 
output, due to :filament voltage change , 
wa corrected by introclu ing a ollage 
at the control grid. Thi ��equi alent" 

oltage i plotted in the figure and th 
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FtGURE 2. Plot howing range o r whi h 
cornpen ation i ff cti 

lope of the curve is the criterion of the 
effectiveness of comp n ation. The tube 
of course hould be op rat d at th m­
fl ti n poin t of Lhi cur e. A t  th t ime 
these data wer taken, it. wa also as er­
tained that similar result ould b 
obtained i-th a heate1·-ty p of tub 
(6A8), and it an b e rpe ted that other 
type ofp ntagrid- on ert r1:ubes would 
yield equaTiy satisfactory re ult . 

H igh tahility an often be attain d 
by u ing additional tag f ainplifica­

tion and introducing practi all m-

MAY, 1944 

plet degeneration o er th entire ampli­
fier. But an flu tuation in the oltage 
that exi t in the path common to th 

ontrol grid (con t ac t po tentia ls , t .) 
i not dege n rat d out becau e ·the 

our e of these voltage not included 
in th d generati e loop. 

Fortunate} , wh n the cjrcuit of Fig­
u1·e 1 i adju ted to omp n at for 

hange in mi sion, it i quail balanced 
for ·hange in any ol tage (En) w hich i 
·ommon to b th ntrol grid . In other 

word the tran co:nductan e of the n o 
grid ( No. 1 and o. 4) to the pla ar 
equal hut f opp it polarit . 

on qu ntl th ir uit of 'igur 1 
not nl ·oinp nsa tes for fiu tuati n in 
t>ini si n, bu it an al o be u ed to up­
plement the o e ·-all deg n rat ion and 
th heater suppl r gu lator in the at­
t 1 pt to a hi v the high stabilit 
es ential in m a l.U-ing mall d-c po-ten­
tials and ci:u-rent . - . B Q ET 

RELATIVE HUMIDITY AT BOSTON 

e I N TH E A R T  I CLE on ''The Effi c 
of 1-Iumidity on Ele tr· cal Measure­
ment , " r printed in th G neral Radio 
Experimenter last month , m ntion a 
made of the fact that, wheneve1· th rela-

ti e hu:midit exc ds 6 for a da , 

alumi um plat ond n er ha e appre-
ciabl lo , and when the relati 
humidit pa es 70 th balan f a 

apa t.an e bridg be 01nes un tabl . 

5 
100 

1.0 1..5 z 3 4 5 

FIGURE 1. Cur es show­
ing the relaiion between 
re lative humidity and 
temperature for variou 
densities of aqu ou apor 
expre ed in grains p r 

cuhi foot. 
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The question naturally ari es, ho often 
during the year do the e conditions 
occur? This of cour e depends on the 
location of the apparatus. In ew Eng­
land the humidity indoors is high only 
<luring the summer months of July and 

ugust, while in the tropics the humid­
ity is always high. 

For the last two years a record ha 
been kept of the relative humidity in a 

room whose temperature is kept at 25°C. 
except when the outdoor temperature i 
higher. The relative humidity remain 
below 30% for the six winter months, 

ovember through April, and rises to 
an average of 60% in July. A value of 
60% is e ceeded once in Ma and Octo­
ber, about once a week in June and 

eptember, and almost ontinually in 
Jul and August. value of 70� is e -

eeded about on a week in Jul and 
August. 

The relation between the r lat.ive 
humidity indoors and outdoors is deter­
mined by the temperatures of the two 
locations. As u.ming that the weight of 
water in a unit volume remains con-

FIGURE 2. Curves of average monthly relati 
humidity and temperature at Bo ton. Note that 
the relative humidity at 77°F., calculated from 
outdoor values. agrees well with that observed 

in the constant-temperature room. 
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stant, the change of relative hllillidity 
with temp rature is given in Figure 1. 
As an e ample, assume that conditions 
outdoors are 70% RH at 40°F. Then 
entering the chart at this point and 
following down the curve of 2 grain per 
cubic foot g1 es 20 RH at 77°F. 
(25°C.). 

Values of relative humidity and tem­
perature are observed by the U. S. 
Weather Bureau at many points in the 
United States and published monthly 
in Weather Bureau Reports and daily 
in some newspaper . The monthly aver­
age for Bo ton are gi en in Figure 2 for 
the a erage over a period of years and 
also for the year 943, which appear to 
be a rea onabl normal year. verage 
relati e humidity is e sentially constant 
at 72% with only a slight rise in August 
and eptember. This condition is mainly 
due to the fact that New England has an 
approximate! constant monthly pre­
cipitation of about 3 inches. Proximity 
to the o ean i a contributing factor. 
This fact makes a erage relative humid­
it at constant temperature solely a 

FIG RE 3. urves of ob erved and calculated 
relative humidity at 77°F. for March, 1943. at 
Boston. The relative smoothness of the lower 
curve cmnpared to the middle one illustrates the 
filtering and storage a tion of a large building. 
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function of outdoor temperature. The 
curve of relative hum.idit at 77°F. 
(25°C.), obtained by means of the curves 
of Figure 1, follows exactly the curve of 
temperature. An average value of 60% 
can occur only during the um.me · when 
the outdoor temperature is at least 
70°F. The average alues observed in 
the constant temperature room are also 
plotted in Figure 2. Their agreement 
with the calculated values justifies that 
calculation. There · s an interesting time 
lag between the calculated and ob erved 
curves which can perhaps be e plained 
as indicating a storage of moi ture in th 
building. This would reduce he humid­
ity in the early sum.mer and increa it 
in the early winter. 

Daily values of relative humidity and 
temperature show much grea er varia­
tions than monthly va ues, as is well 
shown in Figure 3 for March, 1943. The 
diurnal changes are such that tempera­
ture tends to have a maximum value 
and relative humidity a minimum. valu 
shortly after noon. The wjde fluctua­
tions i n  relative humidity are caused 
partly by the temperature changes and 
partly by changes in the water content 
of the air. This is shown by the upper 
curve of Figure 4, which give the rela­
tive humidity at the constant temp ra­
ture of 77°F. (25° .) . The fluctuations 
have a longer period than before. The 
major changes still appear even when 
the daily average values are plotted a 
shown in the middle curve of Figure 4. 
The lower curve of Figm·e 4 shows the 
relative humidity a ob erved in the 
constant temperature room. Here th 

H R •1 
10 

. 
0 

9 0 

8 0 

0 .7 

6 0 

0 

.0 

,.., \ 

I I I I I I I 
RELATIVE HUMIDITY 

� II ' J I I ' I I rt ,., 
I l 

'"' - u- � 

I � • I � 
4 0 I IJ I I I I ' v I 

0 ' I 
-+--- �-- I ' 3 

--� 0 
• I I' I I\ I n I ' 

I-I � - ' � I" -
' ' - A II I fl\ I W 11 ' J { A I I ,. . I. I .I ' 111 I f 0 .... I ' \ r t TEt.A f>ERATURE _,_ L'!_ 

0 \ I " I I �----
0 " 

4 

3 

2 

....... _ 
0 I 2 3 4 5 6 7 8 9 IO I 2 3 4 5 6 7 8 9.20 I 2 3 4 5 6 7 B 9 30 

"4ARCH 1943 

FIG RE 4. Daily vaJues of relative humidity 
of temperature for March, 1943, at Bo t n. 
Over hort period of time relative humiclity 
drops when temperature ri e , as would be e �-

pected for con tant water content of the air. 

fluctuations are maller and f till longer 
eriod. Thi is cau ed by th filtering 

and storage action of the building. 
This comparison of ob erved value 

of indoor relative humidity with alue 
calculated from outdoor data furni h d 
by the U. . Weather Bureau indicate 
that, whenever values of relative humid­
ity are gi en in the dail new paper , 
it i possibl with the lag of only one day 
to determine indoor relative humidity 
without depending upon a hair hygrom-

ter or wet and dr bulb thermome­
ters. In many ca e thi method will be 
found satisfactor for indicating wh n 
aluminum. plate conden ers will begin 
to introduce error in di ipa1:ion fa tor 
in capacitance bridge m asurement and 
wh n the: bridge balance it elf 'cill b -
·ome unstable. - ROBERT F. FIELD 
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GENER A L  R A DIO EXPER IMENTER 6 

AN ANALYSIS OF T H E 

B RIDG E- CONT ROLLED OS CILLATO R 

e THE B R I DGE- CO N T R OLLED 
0 S C I L L A T 0 R *, particularly as u ed 
w· th quartz bar in fr qu n y tandards, 
ha a high degree o:f inh r nt tabil ity of 
frequency. The princ i pal propertie of 
thi cir uit can be anaJyzecl a follow : 

Referring to Figure l, the impedance 
in ol eel are -ihose of the bridge, R-1, 
R-2, �-3, R-4, and +j 4 (the effecti e 
r i tan and th net reactance of the 
quartz bar, operating r near to erie 
r nance) , -ihe resistance of the sour ·e 
R-6, and the resi tance R-5 of the bridge 

output load , hi h i a urned to he ry 
high compared with all of the pre ed ing 
r istances . 

.F r the bridge, the auenuation fact r 
can b writ t n: t 

wh r 
A = R5(R2R3 - RiR4) 
B = R1R�5 

(1) 

(2) 
(3) 

*J. K. Clapp, "A Bridge-C ritrolled ,Oscillator,'' General 
Radio Experim nter. pril, 1944. 

and 

M = (R1 + R2) (R�4 + R5Rs) 
+ (R3 + R4) (R1R2 + R5Rs) 
+ (R5 +Ra) (R1R4 + R2R3) (4) 
+ R5(R1Ra + R2R4) 
+ Rs(R1R2 + RaR4) 

N = R4(R1 + Ra + R5) (R2 + Rs) 
+ R1R4-'f._R3 + R5) (5) 

For the s stem, the ·condi-iion for o -
cillation i 

µ{3 = /o. (6) 
If there is a phase-shift in the ampli-

fi r, w can "Writ e* 

µ = µ1 + jµ2 (7) 

n ert ing (1) and (7) in (6), we obtain: 

. AR4 - j.B X4 _ l 
(µ1 + J µ2) 

MR4 + jNX4 -
(8) 

and, para ting eal and imaginaries: 

µ1AR4 + µ2B 4 - MR4 = 0 (9) 
µ2AR4 - (µ1B + ) 4 = 0 (10) 

I t here i no ampli:fier...._�ha e- hift, 

µ2 = 0, o that 

µ1 = IVI/ A = µa (11) 

tK. . J hn on. "Tran mis ion Cir"uit Co .. Telephonic *L. . Meacham, "The Bridge- tabilized OsciJla1or," 
CouuJ�uui ation," pp. 28-t-285. Pl"o . I.R.E., Vol. 26, o. 10, p. 1278. Oc·tober, 1938. 

'IG RE 1. Schematic circuit diagram of t:he bridge-cont:rolled oscillatm·. 

v-1 v-2 

+ ... 
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and 
(12) 

wh re µa i the magnitud f th ampli­
fi ation of the am.p)i:fier, from hridg 
output to bridge inpu t . The frequency 
is then independent of the ·ir uit e y ept 
-the rystal and the crystal mu t operate 
at e a t eries resonance. 

If µ2 i very mall ,  o that 8, the pha e 
angle of th amplifier, is  mall, from (9) 
and (10) we obtain 

MR4 µ2 
- tau-1 -

µaB + µ1 
MR48 -

µaB + 
(13) 

lU all and tan 8.-...J 8. 

For th ry tal, in th r g1on near 
·eries re onance, we an e pre th :fre­
qu ncy deviation 1·om r ona e a a 
.fraction of th r sonant fr q e y: 

J - fo 4 4 
= --=--

Jo 
( 4) 

remalllm g tant): 

df 
Jo µa 

th o �illato · 
d, we have: 

M A Y, 1944 

)2 ( 7) 

d -

R1 = 40 ( K) ohm = R ( - K) 
where = fra tion that Ri i 1 ower 
than R2. 

R2 = 400 omn = R 
Ra = R4 = 2800 run .  

- 7 R (for a particular 50 k bar) 
R6 = 800 oh1n = 2R ( ery near] ) 
R5 = 1 megohm_ = 2500 R 

Q = 1 0,000 

300 
8 0 

(1 ) 
radian. 

· th bridg on Lant we t:, in 
term of R = re i tance of th :fi <l 
ratio arm: 

- 17500R3K h r  R1 = R(l - K) 
B - 17500Ra 

M = 1502 oRa 

= 70217R3 

In rt g th e in (16) and (17), w oh-
where 4 i the net ry tal r a tance, tain: 
that i , the diffi re of th in d ucti e 

df 4.29d8 
and capacitati e rea tan e , and Q = 

woL4/R4. 

uh ti tu ting (13) Ill (1 ) " 0 ta 

f -Jo 1 M8 
(1 ) - -· 

Jo 2Q µaB + 

We a now find th ffe ts of change 
in the amplifier on th fr quenc . For 

hange in pha e onl (µa r maining con­
stant) , 

df MdO -
f o (J 2Q(µaB + ) 

F r hange in amplification onl 

(16) 

(pha e 

for 

�8 

and 

-
/o o Q(µa + 4.01) 

= +LS x lo-s 

+O.l and µa - 300 - 30 

df 
./o µa 

1 I 

Q(µa + 4.01)2 

= + .7 x -9 

(18) 

- 270 

(19) 

for �µa = -30 and 8 = +o. ; thi. r -
du e to zero if there 1 n amplifier 
pha e- hift (8 = 0). 
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GE N ER A L  R A DI O  E XPE R IM E N T E R 8 

The e re ults indi ate t at a change 
of amplification of 10% produces on] 
2 parts in a billion change in frequency 
in the pr nee of an amplifier phas -
shift of 0.1 radian (6 degree ). If the 
amplifier phase-shift i made maller, 
this hange i orrespondingly reduced. 

hanges in phase of the amplifier will 
produc 2 part in one hundred million 
change in fr quency, for a pha e varia­
tion of 0.1 radian (6 degrees), with the 

gain at its uhnormal value of 2 70. 
The results also show that for best 

performance the pha e-shift of the ampli­
fier hould be kept as mall as po sibJe, 
the gain hould be high, and the Q of the 
cry tal should be high. The values given 
above are readily realizable in practice; 
in fact, ubstantially higher gains and 
higher Q's can easily be obtained, re-
ulting in better performance than that 

outlin d her . - J. K. CLAPP 

COV E R  PHOTOG RAPH 

e NU CLE AR DISINTEGR A T ION, 
or atom- ma hing, has be n made pos .. 
sible largely by the de elo ment of the 
cyclotron, which produce high-velocit 
parti les without the use of correspond­
ingly high oltage . The ac eleration 
necessary to produce the desired eloci­
tie i imparted to the ions by radio­
.frequency fields. he production of th 
radio-frequency energy and its tran fer 
to the dee , or accelerating lectrode , 
i mainl a radio engineering problem. 

Th pho ograph on the front cover, 
taken at the Ma sachu etts Institute of 
T chnology, how the TYP · 821-A 

Twin-T Impedance-Measuring ircuit 
and the TYPE 605-B tandard-Signal 
Generator being used to measure the ad­
mittance of the transmi sion lines which 
couple the radio-frequency-os illator to 
the dees. 

Rapid progre is being made in cyclo­
tron development in many laboratories, 
and de igns are changed frequently. The 
lines shown in the cover photograph are 
part of an older model. n interesting 
paper on the present M. I. T. cyclotron 
appear in the Journal of Applied 
Physic , Volume 15 os. 1 and 2, Jan­
uar and February, 1944. 
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