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ADDITIONAL STABILITY PARAMETERS 

Other factors affecting the hort-term 
stability are temperature, load changes, 
vibration , and power-supply effects. In 
general, they are specified separately 
from the short-term stability data. 

Temperature Control 

The effects of temperature can be re
duced to acceptable amounts depending 
only on economics of cost, weight, and 
power consumption . The mo t difficult 
factor is dynamic stability, i .e., the 
elimination of tran ient temperature 
ch�nges much larger than steady-state 
changes for the same ambient range. 
Present-day instruments show over-all 
temp rature coeffi ients as low as a few 
parts in 1012 per degree C. Under labora
tory conditions this an be considered 
negligible because it is masked by either 
thermal noise or aging, except pos ibly 
in the range of T = 0.1 to r = 1000 
seconds. If the requirements of the 

contemplated applications warrant the 

expense, temperature control can be 

improved. This will be necessary if and 

when active devices with lower 1/f 

n01se and crystal with lower aging 

rates are available. While two-stage 

ovens are more popular , singl - tage 

ovens can b made to perform quite 

well. Reduction of ambient changes 

as seen by the crystal is not limited by 

the stabilization factor of th oven con

trol but by temperature gradients b -

tween the crystal and the t mp ra ture
sensing element . Although two-stage 

ovens are easier to design for low gradi

ents and stability of the control ystem, 

single-stage ovens can be built with 
stabilization factor over 50 000 and 

gradients of less than 10 millidegrees 

Centigrade . They have the advantag 

of lower cost and lower complexity, and, 

Figure 5. Vecto r 
diagr am sho wing 
phase shift due 
to stray coupling 

to o utput. 

JU N E, 1 9 6 4 

often most important, they require less 
power or less volume. 

Loo ding 

Fr quency variation due to changes 
in the loading at the output of the os
cillator have be n a ' ery eriou prob

l em for all laboratory applications . 

oading effects ar au ed primarily by 
pickup of output current in the oscilla
tor circuit. Let u assume that a small 
amount of output signal is introdu ed 
into th o cillator loop. Figure 5 shows 
this case in exaggerated form . From the 
vector diagram in Figure 5, 

E = V (Es+ EN o 8)'- + (ENsin8)2 (6) 

and 

sin 8 
tan¢ - -----

Es 
(7) 

where Es 

- +cos() 
EN 

the signal in the 1oop with
out pi kup. 
the pickup. 
the sum of both. 

It is obvious that, regardless of the 
magnitude of EN, </> is z ro if () is z ro, 
and a maximum of <f> occurs for 

7r () = ±2 (n - 1) - . 
2 

If a phase shift occurs inside the os
cillator circuit, th fr qu ncy must 
shift to produce phase shift of equal 
rnagnitud but of opposit ign in the 
crystal network . The frequency shift 
du to uch pha e shift is 

D.f 
f 

tan¢ 

2Q 
(8) 
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GE N E R A L  R A D I O  EX P E R I ME N T E R  

OSCILLATOR </>1 MULTISTAGE 
AMPLIFIER 

PHASE 
1------1 SHIFTER </>3 OUTPUT </>3 

STAGE l--'-'""'V'IR.1\5,---� Figure 6. Typical 

block diagram for 

a precision oscil-

and, a a function of e, 

t::.¢1 

6.f 1 in e 
-

f ..., Q 1._·s ----;-1 + c 0 () 
<,_y 

l::.¢z 

d . f 
D..f 1 E.v . 

an , i E >> E,...,-, - = -- -- in () (9) 
f 2 Q 1,,·s 

Obviou ly, the be elution rould be 
to en ure tha E,v i mall enough to be 
negligible. Thi i quite diffi ult, be
cau e even ·when E,v i very mall, it 
still has con iderable effect. For ex
ample, if 

E, - 1 X io-s, Es = 1 x io-2 , 
and Q = 2.5 X 106 

then 
£::..f 
f 

2 x io-10 in e 

To keep Ex a low a 1 X 10-5 requires 
well over 100 db of isolation and shield
ing between output tage and o cillator, 
and 1'.,',v is oft.en larger. o far, it ha 
been hown only that the frequency i 
offset O\ ing to pick-up if () i not equal 
to zero or 180°. As oon a EN changes 
(owing to a change in output curr nt), 
this fr q uency off et chang unle s () is 
zero or 180°. 

If it could be en ur d that() is zero or 
180° for all conditions of loadino- no O l 
frequency hange would o cur. A long 
as th · load i strictly resi tive, this is 
possible. Figure 6 is a blo k diagram of 
an o cillator with amplifier stages. 

The conditions to make 8 = O are 
¢1 = ¢a, which requir s 6.¢1 + 6.¢2 = 0 
for any re i tive load. 

'I he pha e- hif t r hown in Figure 6 
can b the tank circuit of one of the 

LOAD 
lator. 

amplifier tage , which can be detuned 
lightly o compen ate for whatever 

phase shifts may exi t in all amplifier 
tage . nder the e ondition , any re

si tive load change will affect the mag
ni ude of EN but not the phase. Changes 
in magnitude are not very important, 

ince the represent no more than a 
change in gain in the o cillator loop, 
'vhich is taken car of by the level
control circuit. 

This condition cannot be met if i h r 
th output impedan e or the load im
p dan e i not s rictly resistive. Any 
reactive load causes a phase shift a 
long as Rs is not z ro, and, if the ource 
impedance is r activ , re i tive load 
changes re ult in ariation of e. The 
be t ompromi e i to m.ake R as small 
a po ible, o that moderately reactive 
load are acceptable. 

I t  is not likely that load changes are 
r fl ted through the chain of amplifier 

tages. Experim nt have hown that as 
few a two or three tage after the os
cillator will pro ide all th isolation 
n eded, but a larger number of stages is 
u ually required to obtain enough gain. 

Vibration 

Crystal units are quite sen itive to 
vibration, and, while thi problem is 
most severe for mi sile or airborne ap
plications, it cannot be ignored for 
laboratory application". Gr at efforts 
have b en made to de elop ry tals 
with low en itivity to acceleration. 1 

7 on tract DA 36-039 C 7307 "An Ultra Precise tand
ar� of F.requency," Final Repo�I (Bell Telephone Labora
tones), December 1960. 
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Precision crystals have frequency-vs

accelera tion coefficients of 1 X 10-9 to 

1 X io-10 p r g (gravitational con

stant) , and effort have b en concen

trated in the direction of eliminating 

resonances in the frequency range of 

intere t. Once the crystal design en

sures freedom from re onances, little 

more can be done in the way of mount

ing it in the instrument - at least not 

for low freq uencie 

Power Supply 

Power- upply variations can be held 
to a few parts in 1011 as o cillator volt

age coefficients of le s than 5 X io-9 
per volt are usual. 

STABILITY SPECIFICATIONS 

No accepted standards exi, t for the 

specification of short-term stability . 

These data are obtained for constant 
operating condition, ,  i.e., constant am
bient, load, line, et ., and the effect 

of variations in these quantities are 
listed separately. The method most 
suitable for the evaluation of the oscil
lator performance in systems applica

tions is to sp cify the ''standard devia
tion ," u, for a specified confidence limit. 
This is, of course, the same as the "rms 

deviation.'' Sometimes rms phase devia

tion is Ii ted as a measure of short-term 

stability . This phase deviation can be 
computed from the frequency : 

LJ.f LJ.cp = (27rj) - T 
f 

where r is the averaging time. 

(10) 

If the value of J is in terms of rms 

unit , the LJ.¢ is also in rrns units. 

The term "short-term stability " is 

not generally used for averaging times 

J U N E , 1 9 6 4  

over 10 se onds; to fill the gap between 
J 0 seconds and the averaging times for 

aging or drift, the term ' fluctuations'' 

has been u ed. For increasing av raging 
tim , the rm value b com le and 
less u eful becau e th frequency flu ·tu
ates around a mean value that is chang
ing ery slowly as a result of aging. To 

ate a meaningful rrns valu , it is 
nece ary to ub ract the aging lope . 

Such a r gre ion analy i can ea ily b 
accomplished. The data so obtained 
become more and more important as 

the aging rate decreases with time and 
may ultimately de ermine the usable 

stability on a day-to-day basi 

SPECTRUM 

Spectral purity is par icularly impor

tant for micro-wave- pectroscopy and 
for other application requiring high 
multipli ·ation ratio-. The spectrum of 
an oscillator provid inf orma ti on be

yond that given by long-term and short
term stabilities. It shows the presence 

of discrete sidebands and the distribu

tion of noise. To compare th.e spectra 

of wo o cillator , it i ncce ary to 
know the frequency and the analyzer 

band-width . Fig ure 7 hows a typical 
spe trum, whi h i obtain d by the 

0 

'-
� �� 

en -2.0 � � Cl 

� 
LLJ rJ) -40 z 0 a. IJ) LLJ 
a:: 

._ ._ j 
� �I--+ 

-60 ._ ._ -'-

" � .. 
·-

� 1----1 
-80 2.0 3.0 4� 

FA"'EQUENCY IN KC 

Figur e 7. Spectrum showing discr ete 1-kc side
bands at 10 Ge with l 0-cyc le bandwidth in 

analyzer. 
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G E N E R A L  R A D I O  E X P ERIM E N T E R 

multiplication of th frequ ncie of  two 
oscillators to 10 Ge. The e frequen ·i 
are adj u ted to be about 3 X 10-1 apart 
( lightly over :3 kc at 10 Ge). The 

center line of the pectru m i adj u ted 
for O db. The fir t ideband arc ju t 
v i  ible at about -46 db, di crete side
band of -:37 db ar at ± 1 kc fro m  the 
carrier, and the n oi pedc tal i a bout 
-70 db. nch a spectrum can be us d 
to predic the perf ormanc at any other 

frequency and for different ban d,vidth . 
To o btai n  the ratio of noi to signal 

at other frequen i , th follo,ving ap
proximation may be u ed as long as the 
noise-to- ignal ratios are at least - 20 
d b, i.e., if th n oi c i bett r than 20 d b  

down: 

Nz = 20 log c;:) + N1 [d b] (11) 

where N 2 is the noise-to-signal ratio 
ath and N1 atf1, in d b .  

Thi mean that m ultiplying the fre
quency 1 0  time increases the noise-to
signal ratio by a factor of 1 0 .  To evalu-

a e the nm e for a d ifferent analyzer 
bandwidth, it is convenient to express 
th n oise in terms of root-cycle band
width .  Thi i th noi e-to- ignal ratio 
for a o ne-cy ·le bandwidth. 

N norm = ]1/ 2 - 10 log B ( 12) 

where B = bandwidt h .  

T h e  relative ampli t ud of discrete side
bands i n ot affe ted by any c hange of 
bandwidth. U ·ing the e relations to 
ref er the spectrum shown in Figure 7 to 
5 l\Ic, we have 

.f1 = 10 Ge f2 = 5 Ic 
analyzer bandwidth = 1 0  cps 
N1 - 37 d b  for t h  ± 1 -kc side

bands. 
Ni - - 70 d b  for the no is pedestal. 

Then, fro m  (11) 
1'l2 = -103 db for sidebands.  

N2 = - 1 36 db for noi e i n  1 0-cycle 
bandwidth 

and from (12) 

l'l 2 -1-±6 db for noise in o ne-cycle 
bandwidth. 

TYPE 1115-B STANDARD-FREQUE N CY OS C I L LATO R 

ar ful evaluation of the ba ic o. cil
lator param t r , a outlined above ha 
led to the d e  ign of thi n w o cillator 
unit. From the beginning it was agreed 
that the unit should use the 5-l\Ic, 5th-

overtone cry tal, in clude frequency 

<livid rs to 1 l\·I and 1 00 k , and have 
self-contained inergen cy pOVi' r for at 
lea t 24 hours . The hoice of the 5-JVIc 

crystal was dictated by the belief t hat 

Figure 8. Panel v ie w  of Type 1 1 1 5- B  Standard- Frequency Oscil lator. 
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this unit could me t the requirements 
for working tandard of the maj ority 
of users at a cost ubstantially lower 
than that of 2.5-1\Ic unit . xcept for 
aging of the cry tal, the GR TYPE 
1l 15-B shows a performan e com
para ble to or exceeding that of any 
2. --l\1c oscillator. 

Figure 10 is a b lock diagram of this 
unit. The cry tal, oscillator, and AGC 

circuit are housed in a single-stage 
proportional-control oven. Two stages 
of i olation amplifiers and the output 
amplifi r follow. Regenerative dividers 
are used to d ivide to 1 l\1c and 100 kc. 

,---------- --, 
I I 
I OSCILLATOR AGC I 
I I 
I I 
L_ ______ __ J 

OVEN 

DC-----. 

AC 
BATTERY 

CHARGER 
i--�----1 REGULATOR 

T 

: � .1 

J U N E , 1 9 6 4  

Figure 9. View of 
oscillator with c over 

rem oved. 

The power supply consi ts of an auto

matic battery charger, explosion-proof 

battery, and regulator. 

The cry tal i a gett red unit. o 

long-term aging data are available at thi 

time, but a record of ev ral month ' 

aging shows some i mprovement over 

the aging characteristics of ungettered 

units. One i mportant advantage bf the 

gettered units i a better restarting 

characteri tic, i .e.,  if the oscillator has 

been off and is turned on again, the e 

units settle down much faster than do 

the ungetter d ones. 

[> 5Mc 

[> I Mc 

DC [> IOOkc 

Figure 10. Block d i agram of Standard Fre q u ency- Osci l l ator. 

9 
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OSCILLATOR AND AGC 

The effects of component changes on 
the frequency of a cry tal o illator 
have been a1 alyz d in the past. 8 Figur 
1 hows the basic arrang m nt of the 
cry tal n twork and o cillator circuit. 
For the t:>-lVIc, 5th-overtone crystal, a 
1-pf chang of Ci or C 2 (O. 0) amounts 
to a frequency variation of about 
5 X io-10• The hunt capacitances C 1 

and C 2 are abou 330 pf each, and this 
network require a transconductance of 
15 milliamperes per volt to sustain 
oscillations. Such a transconductance 
would be diffi ·ult to achieve with 
vacuum tube of taibl long-term per
forman e but can be obtained with 
tran i tor circuits. 

Figure 1 1. Basic o scil lator network. 

The ideal, a tive devi e for YT has 
high input and output re istance and 
no input or output capacitance. I n  ad
dition, the magnitude of YT must be 
controlled by the AG circuit to hold the 
amplitude constant. The gain of tran-
i tors is usually con trolled by variation 

of the de current. Thi method, how
ever, is undesirable, becau e the current 
variation change the capacitances of 
the transistors. Better performance is 
obtained if only the ac gain, and not the 
de operating point, is varied. The cir
cuit shown in Figure 12 meets the e 
requirement . 

Tran istors Q1 and Q2 are in a circuit 
configuration that applies 100 0 feed-

T T 

Figure 12. B osic oscil l ator circuit. 

ba k from the output to the emitter 
of the input stage Q1. The voltage gain 
from the ba e of Q1, to the output 
terminal is very nearly unity. I f  we as
sume that R is the only impedance 
from this point to ground, the current 

eo 
through R will be very nearly R: Be-

cause this same current flow through 
Q3 (with the exception of small amounts 
lost through the bases of Q 1 and Q3), the 
transconductance of this circuit is pre
dominantly controlled by R. This re
sistance can be varied with no change 
in the de operating point of any of the 
transistors. The circuit has an input 
impedance of over 30 kilohms shunted 
by less than 2 pf and an output im
pedance of several hundred kilohms 
shunted by 1 ss than 2 pf. A transcon
ductance of 15 milliamp res per volt is 
readily obtained when R is about 65 
ohms. Because of these high input and 
output impedances, variations of tran
si tor paramet rs are of little conse
quence. As the collector-to-base capaci
tances of modern planar tran istors are 
typically stable to better than 10% per 
10,000 hours at constant temperature 
and voltage, the re ultant change of 

8 E. P. Felch and J. 0. Israel, "A Simple Circuit for 
Frequen

.
cy Standards Employing Ove1·tone Crystals,'' Pl"oceedinos of the IRE, Vol 43, .i: o. 5, pp 596-603 May 1955. ' 
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FROM T OSCILLATOR 01 Ro OUTPUT 
,. I C> 

02 

I I 
03 

-

Figure 1 3. Basic AGC circuit. 

frequency is less than 1 X io-10 per 
year. This is negligible compared with 

the aging of .5-Mc cry tal , which is 
order of magnitude greater. 

Electronic control of the transcon

ductance is obtained by variation of 
the de bias current through a pair of 

diodes (Figure 13). The rf output of the 

oscillator is amplified by a two-stage 
amplifier and rectified by D3. A long as 

there is no rf voltage, R4 is biased on 
(saturated) to pass a maximum of cur
rent through the AGC diodes, D1 and D2, 

for maximum transconductance to start 

the oscillations. As the amplitude in

creases, D3 reduces the turn-on drive 

of Q4 (from Rn) until Q4 get out of 

saturation. Any further increase in rf 

amplitude reduces the current through 
D1 and D2, which reduce the gain. RD 
adjusts the point where Q4 gets un-

aturated and thus sets the rf level. 
A variable capa itance diode (va

ractor) is used to adjust the frequency 
of the oscillator. The bias for this diode 

is vari d by a potentiometer mounted 
on the panel. A digital read-out indi
cates frequency increm nts of 1 X io-10 

per digit. The total range of this elec
tronic tuning is 2700 X io-10• Careful 

investigation has shown no measurable 

aging due to the varactor. The series 
resistance of the varactor used is negli-

J U N E , 1 9 6 4  

gible compare<;! w i  h the resistance of 
the crystal. Excellent linearity of tuning 

is en ured by a variable load on th arm 
of the potentiometer (a second re

sistance element on the same shaft). 
Figure 14. Th linearity of this ar

rangement is typi ally b tter than 

±7 X 10-10 (out of 2700 X io-10) or 
about ±0.25 0. Figure 15 shows a 

typical curve for the tracking error. The 

resolution of the pot ntiometer is such 
that the oscillator can be adjusted to 

within 2 X 10-11 of any frequency in
side the range. 

The advantages of elec ronic tu ning 

are obvious. The varactor are small 
and do not req uir , a haft through the 

oven wall as is required for mechanically 

varied capacitors. 

Figure 14. Lineariz
ing netwo rk f o r  va

ractor. 

+E TO VARACTOR 

In addition, the use of varactor tun

ing p rrnits control of frequency, by de 
voltage, from a remote location and 
phase-lo king of the oscillator by means 

of an external phas detector. External 
control voltage can b applied through 

a connector on the rear skirt of the in-

trument. Sensitivity is of the order of 
pplOIO 

+10 

-10 

0 DIAL DIVISIONS 2700 

Figure 15. Tracking error o f  varacto l' tuning. 
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Figure 16. Vi ew o f  the i n v e s tm e nt casti n g  i n  wh i ch 
t h e  cr y s tal an d its a s s o ci a t e d  c i rcu it e l e m e n ts are 

m o u n t e d .  

1 . 5 millivolts for a frequency change of 

1 x 1 0-1 0
• 

OVEN 

A ingle-stag ov n with proportional 
control holds the temperat i re of  critical 

components within less than 10 milli
degrees C .  Po wer on u mption of this 
oven was c o n  idered i mportan t  becau e 

of bat ery operation in case of line fail
ure .  T'he power con u mption i only 
about 500 milliwatt for operation at 

room temperature. The insulation of the 
oven is a combination of a Dewar flask 
and polyurethane foam, in which th 
fla k i completely embedded . This as
sembly has survived shock tests of 50 
g's,  1 1  rnsec,  i n  a ny direction (MIL 
STD 202 l\l ethod 205 Condition C) . 
The oven chamber is a copper invest
m nt ca ting ( Figur 1 6) . I lug-in cir
cuit board provide easy access to 
components. 

EMERGENCY P O W E R  

A nickel cad mi um ba tery of 4 a m
pere-hours i floa ted a ero the de sup
p ly.  Th cells of thi battery are of the 
p re sure-relief type and cannot explode . 
In case of power-line failure,  operation 

for 35 hours is ensured at roo m  tempera
ture and up to 24 hours at 0° . An 
external de supply of 22 to 3;) vol ts can 
also be u ed. If  ac pow r, external de,  
and internal battery ar connected, the 
power ·wi l l  be drawn from the source 
that p rovides the highest oltage to the 

regulator circ uit . The hange-over is 
made by diod s and is completely con
tinuous. 

The battery is recharged by a c ur
rent-limited voltage source . As long as 
the battery voltage is significantly 
lower than the fl oat voltage, the limit 
current flows . As the c ut-off voltage is 
approached, the c u rrent rapidly de
crease · .  Thi method ensures rapid re

c harging after p o wer failure and main
tains the battery at optimum charge 
condition . The fioa t, or trickle-charge , 
voltage is tempe rature compensated to 
vary approximately - 2  millivolts per 
degr e C per cell  to correct for changes 
in the emf of the battery over the full 
tempera tu re range. 

PER FO RMANC E  
Aging 

Typical aging rates are a few parts 
i n  1 0 1 0  per day after 30 day of opera
tion a nd are down to about 1 in 1 01 0  per 
day after 1 2  months. 

Short-Term Sta b il ity 

Figure 1 8  is a block diagram of the 
mea uring sy tern used.  The 5-Nl c  o ut
put of the oscil lator are multiplied 
2000 times each (effectively to X-band) , 

1-
z 
� i-------
0:: 
=> u 
(.') 
z 
<!> 0:: 
<t 
I 
CJ 

BATT ERY VOLTAG E 

Figure 17. Battery r echarge c hara cte ristic. 
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OSCILLATOR 
U NDER 

T EST 

R E F E R E N CE 

x 20 

x 2 0 

IOO Mc 
x 1 0  

+ 20 e:  

x 9 

100 Mc 

x 1 0 

I OOO M c  

+ 200 €: 

M I X E R  
A 

900 Mc 

1 000 M c  

IOO M c  
+2oo e: 

M I X E R  
B 
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TYPE 1 90 0 -A 

WAVE 

A N A LY Z E R  

T YPE 1 5 2 1 -A 
GRAPH I C  

L EVEL 
R ECO R DE R  

S P ECT R U M  

TYPE 
1 1 37-A 
DATA TO 

I B M 
1 620 

C O M P UT E R  

PR I N T E R  

D /A 

F i g u r e  1 8 .  B l o c k  di a g r a m  of measuring system . 

and the period of the beat note i mea -
ur d by digital t chniq ue . 'I he result 

i proce ed by an IB ::.\ 1  1 620 computer 

to obtain stati ti al  data . For hort 
averaging time (less than 1 0  mil l i
se ond ) the rm deviation i al o 

mea ured directl by data converted 

from digital to a nalog form, which is fed 
i n  to an rm meter. This me er is ac  

co  ipled and r sponds only to  the devia

tions from the mean .  The deviation 

indicated by this meter agrees to better 

than 10% with the data from the 

computer. 

Figure 1 9  show the data for one

second averaging time as they ar pro

duced by the computer. The data were 

taken at a time wh n Serial No. 1 54 was 

still  aging rapidly (a fe w days after 

initial turn-on) , and a large amount of 

drift is noti eable. This drift was then 
removed from th data. The result are 

in parts in 1013  for the mean and for 

igma . he kew factor and the p ak 

factor are parameter that provide an 

estimate of  how nearly normal the  dis

trib u ion is. The skew factor is 0 and 

the peak factor 3 .0 for a perfectly 

normal dis ribution.  The maximum 

sigma at 95% confidence is for two o -

cil lator compared ·with each other and , 

to obtain the igma for one o cil l  tor, 

should be divided by V2. Th maximum 

sigma for on o illator i -! X i o-1 2. 
Data for other av raging tim s are 

li t d in rrable I and plotted in Figure 
20 . 'I'he in c r  a of d viation from one-

econd to 1 0- econd av raging time 

i du to ambient temperature varia

tion . 'I he J 0- econd data were recorded 
over a 25-minute time int rva l .  With 

1 1 1 5 -9 X P  

D A  A P R T 

P A R A ME T E R S  W I T H O U T  DR I F T C O R R E C T I ON 

M I N  X 2 2 8 
R A NG E  7 2 5  
� E A N  6 1 2 . 90 00 
S T D  E R RO R  OF M E A N I 1 4 . 5 5 3 1 
S I G M A 1 9 5 e 2 5 06 
S T D  E R R O R  OF S I G MA 1 0 . 2 9 0 6  
S K EW F A C T OR - • 3 2 8 1 
P E A K  F A C T OR 2 e 0 5 4 5 
M A X  S I G M A  A T  e 9 5 C O N F I D E N C E  2 1 2 . 1 7 8 7  
D R I F T  PE R 1 0 0 I � T E R V A L S  3 6 1 . 1 4 2 8  

P A R A ME T E R S C OR R E C T E D FOR DR I F T  

M E A N  6 1 2 . 8 9 9 S  
S T D  E R ROR OF M E A N  3 . 8 8 2 6 

�S�I�G�M�A'--��
�

��
--,-

������_:::5�2o.=• 0 9 1 1 
S T D  E R RO R  OF S I G M A  2 e 7 4 5 4  
S K E W  F A C T OR • 2 4 0 8 
P E A K  F A C T OR 2 • 6 4 9 8  
MA X S I GM A  A T  e 9 5 C ON F I DE N C E  5 6 . 6 0 7 4 

Figure 1 9. 
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,,, 
1'" 

,o• P...�t---+---+--+--__,__--+----+---+-

. . .  10  

Figure 20. M e c n v red d ota. 

ty . l 

- x 1 

f - 4- x 1 0-12 
f 

c•y 

nd T = nd. 

..... . - X 1 -5 adian . 

TA BLE I SH O RT-TERM STA B ILIT IES 

Sigma at 95 0 confidence 

,_ igma 
.3 x i o-12 
4 x 1 -u 

x -11 

i.3 X i o-11 
3c X 1 -u 

X i o-11 

L · 1 R or r.  Th 
n rmc range 

al 0 

ti01 I 
s 

main 

a 

� 
� -40;c--;-+--;--,---=----;--;--;c-"-�-t-�Hi-,.-+--,.--,��--;-�"7"""""1-..... 

'l h  m 
ure 1 w 

d· a. T h  

SPECTRAL P U R ITY 
� 

Fi - � 

Fi gure 2 1 .  X- band p o w er s p ecfr •u m  of t w o  T y p e  
1 1 1 5 - B Sto·ndard- ifr e cpu� 1n cy O s c i l l ato r s .  A n a l y % er 

b a n d w i d t h  i s  1 0  c p s .  
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spectrum p lotted with an analyzer 

bandwidth of 0 . 54 cps (by u e of a spe
cial analyzer filter) , and Figure 23 

shows the respo nse of the fi lter. As 

Figure 22 shows no broadening of the 

response of the filter, i t  can be stated 

that the line " width" is less than 0 . 25 

cps a t  X-band. 

OTH ER FACTORS AFFECTIN G  TH E 
FREQ UENCY 

Temperature 

Temperature contro l  of the crystal 

and other critical components keeps the 
over-all temperature coefficient typi

cally less than 5 X 10-12/°C. Transient 

response is such that frequency excur

sions tay within the specified steady

sta te limits for sudden changes in tem

perature over t he range of 0 to 50° C .  

Load 

Loading eff cts have b en reduced to 
negligible a mounts by careful arrange

ment of ground loops.  Very little out

p ut is fed back into the oscillator, as 

evidenced by the fact that tuning of the 

outp ut circuit does not affect the fre

q uency to any measurable extent, i . e . , 

less than 2 X i o-11 . I n  addition to re

sistive load , reactive loads can be 

tolerated . A rea tive load of 50 o h m  

(620 pf) causes, typically, 3 X i o-1 1 
frequency shift. 

Vib ration 

The only component ignificantly af

fected by vibration is the crystal uni t .  

The accelera tion oefficient i s  about 1 
to 1 . 3 X 1 0- 9  per g in the most sensitive 

direction, and , for low freq uencies, 

there is little reduction of vibration 
from the instrument frame to the 

ry tal . As the frequency is raise d ,  

some attenuation i s  afforded by the 

foam insulation of the ove n .  

J U N E , 1 9 6 4  

!- - ---- -------=--
-

-� 

\ r -�-f -
� --

- - ---->--

,,L �- -
Figure 22 . Center por
ti on of s p e ctr u m  o f  
Figure 2 1, m e a s ured 
with 0 . 5 4 -cycle band
widt h .  Verti c a l  s ca l e  

F igure 23. Ana l y z er 
p a s s ba n d  c h a ra cteri s 
t i c  u sed for s pectru m 

of F igure 22. 

i s  l inear ( V power) . 

Power-Su pply 

Power-supply changes have little 
effect on frequency. The frequency does 

not change more than ± 1 . 5  X 10-11 for 

any safe operating condition of a c  or 

de supply voltage or for the range of 

vol tag es from a fully charged to a com
pletely discharged internal battery. 

MONITOR C IRCU ITS 

A single met r i used to monitor the 
5- 1\1 c,  1 - M c ,  and 1 00-kc output levels , 

oven temp rat ure, oven h ater voltage, 
de supply voltage and battery current.  

I n  all  function , -cl arly mark d se tors 
on he meter indicate the ranges for 

normal operation . 

GEN ERAL 
' 

The instrum nt u es all- ilicon, solid-

state circuitry . All co mponent are of 

high quality , con i tent with the re

quirements of long continuou rvice . 

All electrolytic capa itor are tantalum 
except for the ac power-supply filter 
capa itor, which is a M il-grade alu mi

n u m  electrolyti c .  All etched circuits use 
Fib rgla -epoxy boards.  The rugged , 

mechanical constru tion will with tand 
abuse during shipm nt and the rr10bile-

1 5  
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service e nvironment. The instruments 
meet the req uirements of l\II I L  STD 

1 67 for v ibration and will  withstand 

30-g shocks of 1 1 - msec d uration in any 
direction .  

- H . P .  STRAT EMEYER 

C R E DI T S  

The a uthor w ishes to acknowledge the many 
contributions made by others in the de ign of 
this i nstru ment and, i n  particular, the assist
a nce of W. J. Ri ley in development, G .  E .  
Neagle for t h e  mec hanical design, a n d  W .  N .  
Tuttle for writing the program for the co mputer 
for stati stical evaluatio n of short-term stability. 

S P E C I F I C A T I O N S 
O UT P U T  

Freq u e n c i es : 5 Mc, 1 Mc, 100 kc. 
Frequency A d i u st m en t :  2700 X 1 0 -10 ( 1  X 1 0-10 

per dial d ivision ). Can also be varied by ex
ternal vol tage. 

Vo ltage : 1 volt, rms, + �8% into 50 ohms at 

each frequency. 
S pectra l L i n e  Width : < 0 .25 cps at 1 0  Ge. 

F R E Q U E N C Y  STA B I L ITY 

Short Term : Standard Deviation ( sigm a )  is less 
than s tated bel ow (95 % confidence ) :  

A veraging Time 
0.3 m ec 

1 rnsec 
1 0  msec 

0. 1 ec 
1 sec 

10 sec 

Sigma 
l oo x 1 0-11  

50 x i o-11 
10 x l o-n 

r . 5 x i o-11 
1 . 0 x 1 0-11 
1 .0 x 1 0-11 

A g i ng : < 5 X 1 0-10 per day after 30 days ; 
< 1 X 1 0 -10 per day is typical after one year. 

Type 

Tem peratu re : < 5  X 1 0-10 from 0 to 50 C .  

Load : < ± 2  X 1 0-11 from open ci rcu i t  t o  short 
circui t .  

S u p p ly Vo lta g e :  < ±2 X 1 0-11 from 22 to 3 0  
volts, de ; < ± 1  X 1 0-11 f o r  ± 1 0 %  ac l i ne
vol tage c hanges. 

POWER R E Q U I R E M ENTS (AC or DC) 

AC: 90 to 1 30 ( o r  1 0 to 260 ) volts, 40 to 2000 
cps, 8 watts at 1 1 5 volts . 

D C :  22 to 35 volts ; 4 watts at 2-1 vol ts. 
E m ergency : I nternal battery, 2-1-35 hours, de
pending on ambient temperat u re.  

G E N E R A L  

Constructio n :  Ruggedized ; rack-bench cabinet.  
D im en s i o n s :  Bench model - width 1 9 ,  height 
5 � , depth 1 -1 )1 inches ( 4 5 by 1 35 by 3 70 m m ), 
over-al l ;  rack model - panel 1 9  by 5 � i nches 
( 485 by 1 35 m m ) ;  depth behind panel 1 2 72  
i nches. 

Net Wei g h t :  35 poun ds ( 1 6 k g ) .  
Sh i p p i n g  Weig h t :  3 9  pou nds ( 1 8 k g ) .  

Price 
1 1 1 5 - B M 
1 1 1 5- B R  

Sta n d ar d - Fr e q u e n c y  O s c i l l ator, Bench Model 
Sta n da r d - F r e q u e n c y  O s c i l l a tor, Rack Mod e l  

$ 2, 050 . 00· 
$ 2,050 .00 

PAPERS SOUGHT FOR CON FERENCE ON AUTOMOTIVE ELECTRICAL 
AND ELECTRONICS ENGINEERING 

Origi nal pap r. covering the forefront of the 
art are sought for t he Fi rst National  Confe r  nee 
on A u tomotive Electrical and E lectronics Engi
neering to be held e ptember 22 and 23 i n  
Detroit, a t  the McGregor l\1emorial Center o f  
Wayne State University. 

Wi thin the context o f  automobi le and traffic , 
the fol l owing s ubj ct categories ·w j l l  be con
sidered : 

1 .  Svste ms and Auto matic Control 
2. Co mmunication and Signalling 
3 .  Vehicle Propulsion and Con rol 
4. En rgv Storage and Conversion 
5. n Ror and Ga u (]"e<: 
6.  Co mponents and Devic s 
7. Te t Instrumentation 
8. Manufacturi ng Processes and Tec hniques 
9.  Electronic in " ales and Di tri butio n 

Eac h prospect i ve author should submit an 
a bstract ( 500 to 1 000 word ) not later t han July 
1 5th to the Chairman of the Papers Co m;:nitte , 
M r .  E. A .  H anysz, General Motors Re earch 
Laboratories, G. M .  T c h .  C n tcr, Warre n, 
l\.1ichiga n .  The aut hor . hould i n dicate the 
length o f  time required for pre cnting and dis
cussi n g  t he paper.  Thjs 1 n gth may be a<: short 
as 10 min utes or less, but should defi nite ly n o t  
exceed 30 minu tes.  

The Conference is sponsored by Sout heastern 
M ichigan ect i o n  and PTG-IEC I of I EEE, 
Un i ve rsity of 1.Vfich igan, M ic h i gan State Uni
versitv, Wayne State Universi ty, and Univer-

i ty of e roit. 
General Chairman i Ole K. Nil e n ,  Appli d 

Research Office, Ford Moto-r Companv , Dea r
bo rn,  M i c hi gan . 
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CONVE N I EN T  GEN ERA TOR-D ETECTOR U N I T 

FOR B R I DG E  MEAS U REMEN TS 

The TYPE 1232-A Tuned Amplifier 
and Null Detector 1 and the T YPE 

13 1 1-A Audio Oscillator 2 have be n 
combin d in a single , convenient unit 
for use with audio-frequency bridges 
and other null-balance devices. 'I'his 
new assembly, the TYPE 1 240-A Bridge 
Oscillator- Detector, occupies a m1n1-
mum of bench space and is provided 
with removable panel extensions, which 
adapt it for rack mounting. The com
bination can also be easily di assembled 
so that component instruments can 
be used separately . 

The oscillator supplies 1 1  fixed fre
quencies from. 50 cps to 1 0  kc. The 

detector is tunable ontinuously from 
20 cps to 20 kc, wi h additional pot 
frequenci s of 50 kc and 1 00 kc.  

i A .  E .  Sanderso n ,  " A  Tuned Amplifier and Null Detec
tor w i th One-'.\l icro,· o l t  ens i t i ,· i ty , "  General Radio Ex-
perimentl· r ,  35, 7, July 1 95 1 . . 
2 R. G .  Fulks, " l i ig h  Performan e. Low-Cost A u d io 
Oscillator with olid-. tate Circuitry , "  General Radio 
Expe r i me n ter, 36, 8 and 9, A u gust- eptember 1 902. 

S P E C I F I C A T I O N S 
Dimen s i o n s :  Width 1 9  height 6 ,  depth 7 %'.  inches ( 4 5 by 155 by 200 m m ), over-all .  
N e t  We i g ht :  1 3 Yz  pounds ( 6.5  kg). 
S h i p p i n g  W ei g ht :  28 pounds ( 13 kg).  

Type 
1 24 0 - A 

Price 
Bri d g e  O s c i l lator- Detector $ 565.00 

P a n e l  view of the Bri d g e  O s c i l l ator- Det e c 
t o r  A s s e m b l y. 

P a n e l  view w i t h  p a n e l  exte n s i o n s  atta c h ed for r e l a y 
r a c k  m o u nti n g .  

BRI DG E  ASSEMB LY FOR 

PREC I S I O N  

I N D U.CTANCE MEAS U REMENT 

For the precise measurement of in
ductance and the intercomparison of 
inductance standards, the TYPE 1632-A 
Inductance Bridge 1 offers both ac
curacy and onvcnience. I ts wide range 
of inductance, from 0.000 1 µh to 1 1 1 1  h, 
embraces a variety of application . I t  
can m a ure rf coils a t  1 k c  (where 
stray capacitanc i not a factor) to 
an accuracy of O . l o/0 .  I t  can compare 
two 10-henry standard inductor at 
1 00 cp to a precision of 1 part in 1 05• 

P a n e l  v i ew of the I n d u cta n c e  M e a s uri n g  A s s e m 
b l y .  
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A lthough designed p rimarily for mea -
urements at 1 kc and lower frequencies, 
it is usable, with little imp airment in 
accuracy, up to 10 kc. 

This bridge is now available in com
bination with the T YPE 1240-A Bridge 
Oscillator-Detector 2 as the TYPE 
1 J .  F .  Hersh , "A Bridge for the Precise lVIeasurement of 
Inductance , "  General Radio Experimenter, 34, 1 1 ,  No
vember 1 959. 
2 See page 1 7. 

1 660-A Inductance Measuring As
sembly . 

S P E C I F I C A T I O N S 
D i m en s i ons : Width 1 9 72, height 23,  depth 
1072 inches (495 by 590 by 270 mm ), over-all. 
N et W ei g h t : 62 pounds (29 kg ) .  

S h i p p i ng W e ig h t :  92 pounds ( 42 kg).  

Type Price 
1 660- A Indu ctance M ea s u r i n g  

A s s e m b l y  $ 1 555.00 

I N EXPE N S I V E  VARIA C ®  AUTOTRAN SFORMER 

L I G HT I NG CONTROL 

B y  Fred B .  Otto 

The control board described here was 

designed and built by the author in 
order that the igh t V ariac® a u  totrans
f ormers, obtained by the lVIansfield 
Players over the past several years, 
could b operated with the convenien e 
and versatility of a lever action and a 
m chanica.l master found in p rof es

sional boards . Becau e the operator can 
hold evera l  1 vers in ea h hand and 
can also ma ter them to a single lever, 

he can easily carry out operations 
that are impo ible with knobs . Since, 
like many other amateur theatrical 
groups, th lVIan field Player are cha l
lenged by a budget that is practically 
non existent, the board was designed to 
use materials that are inexpen ive and 
readily available.  

T he autotransformer were mount d 

F i g u r e  1 .  S ke t c h  of t h e  dri v e  m e c h 
a n i s m .  

- Screw Driver Handle 

V-Belt Pu l ley 
..... Variac Shafts 

in two rows to conserve space and to 
bring the handles closer together. Eight 
3-inch V-belt pull ys were then 
mounted on a Yz-inch shaft,  which was 
mounted in two holes in the box. A 
l Yz-inch p ulley was used as a mounting 
for the master handle . Since it was 
found that a setscrew was not suffi ient 
to keep this p ul ley from slipping when 
all  eight dimmers were mastered ,  a hole 
wa drilled throu gh the pulley and 
shaft, and a cotter pin inserted . The 
spacing between p ul leys was maintained 
by short pieces of pipe cut to length 
and slipped over the shaft. A mooth 
pipe wa mounted near the first row of 

autotransformers, as shown in Figure 1 1  
to guide the cord . 

The connection between the V-belt 
p u1ley and the autotransformer shaft 
was made by means of a piece of heavy 
Venetian-blind cord . The cord was 
secured to the shaft of the V ariac by 
means of a machine screw worked 
through the cord and into a hole that 
had been d rilled and tapp d in the ide 

of the haft about Y2 inch fro m the end.  
The cord was given one and a h alf 
t urns around the shaft of the V ariac 
and then was tied to the V-belt p ulley 
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Figure 2 .  View of t h e  control board, showing o utlets at the rear 
f o r  individual circuits. Figure 3. View with co ver re m o ved, show

ing details of the co ntro l mech anism . 

by mean of two holes drilled in it 

flange . 'I'hough it was found suffici nt 

to w rap the cord around the shaft of 

each TYPE W5 Variac autotran former, 
it would p ro bably be neces ary to u e 

a s mall  thread spool on the shafts of 
the high r power TYPE \V l O  and T Y P E  

W20 Variac autotransfor mer and to 

use a corre pondingly larger p ulley. 

In xpen ive screwdriver with V.6-
inch-diametcr sh afts were u sed for 
hand le . The shafts were heated to re

move the temper, the tip cut off and 
the haft threaded to fi t the V.6-inch 

set crew holes of the p ulley . 
The d ifference in diameter between 

the p u l ley and the autotransformer 

haft cau es the Variac to turn the full  
320° when the lever is moved thro ugh 

a bout 90° .  :i\Ia.stering is accompli hed 

by a simple twist of th e handle in the 

et rew hole so that it tightens again t 

the haft , ca using the p u l ley to turn 

with the shaft . I t  should be noted tha t 

with this arrangement dimmers can 

be mastered at different points o that 

. o me dimmers can be maintained sev

eral points above or below the rest dur

ing fades . The 2-in c h  spacing of t he 

handles was chosen to be large enough 

for them to be held s parat ly, and 
yet to be as small as pos i ble so that 

the maxi mum n u mber of handle could 

be moved at on e. 
This board with its low co t,  light 

weigh t ,  and high d gree of controlla
bilitv has p ro v  d t o  be well suited to 
our need and may well b equally 
su ited to the need of oth r groups.  

1\ 1 r .  Fred B. Ott o,  w ho designed a n d  built 
this -0ntrol board for t h  _ lansfie ld Players, is 
a graduate of the Un iversity of '.\1 i nc ,  at pres
e nt tudyi ng for hi Ph . D . in phy ics at the 
Univer ity of onn ti ut. In addit i o n  t o  h is 
association with t he :\ I an. field Players, he ha 
al o worked with th :.\ l ai n  l VIasqu Theat r 
and the Pari. h Pla · rs of \,Yinche t r, l\ I a  sa
c husetts. 

Figure 4 .  The aut h o r  at the contr ols. 
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Melvi l le Eastham 

1 885 - 1 964 

Melville Eastham, founder of General 

Radio Company and its president from 

1 9 1 5  to 1 944, died on May 7. His pro

fessional and bu i ness career spanned 

the growth of electronic engineering 

from its beginnings as wireless telegra

p hy to the presen t and was marked by 

important contributions to science, i n

du try , and national defense. 

He wa born in O regon City, Oregon, 
J une 26, 1 885, and was educated in the 

Oregon p ublic schools.  He moved to 

Boston in 1 906 as a cofounder of C lapp
Ea tham Company, a manufacturer of 

radio r ceiving a nd tran mitting equip

ment.  I n  1 9 1 5  h e  founded General 

Radio Company. 

He was a Fellow of the I nstitute of 
Electri al and Electronics Engineers 

and of the American Association for the 

Advancement of Science, and a member 

of the Acoustical Society of America, 
the American Physical S ociety , and the 

Am ri can Meteorologi al Society . I n  

1 945 h e  was awarded the honorary 
degree of Doctor of Engineering by 

Oregon State Coll ge . 

A one of th lea ders of the Office 

of Scien tific Re earch and Develop
ment, he was i nstrumental in mar

shalling the electronic- engineering ef

fort d uring World War I I, and p layed 

a principal role in the development of 

the Loran navigational guidan ce 
system. 

lVIr. Eastham was responsible for 

many important electrical standard , 
components, and con tru tion t ch

nique . Widely recognized as a pion er 

in progres ive employ r- mployee re
lation , h initiated i n  the early days 

of General Radio many employee bene
fits that were later widely adopted in 

ind ustry. Largely through his  technical 
guidance and his h u manitarian ap
proach to corporate management, G n

eral Radio was able to grow to a promi
nent po ition in the electronic indus

try while pre erving it unusual system 
of elf-own r hip . 

lVIelville Eastham's many friends in 

the electronics ind ustry may wish to 
k now that a fund in h is memory has 
been established for the g neral pur

po ... e of the 1\1 a� a h u  tts I nstitute 

of T h nology. Contribution may be 
sent to the l\1elville Eastham M e morial 
Fund ,  l\tlassachusetts I nstitute of Tech

nology, Cambridge, Massach usetts . 
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