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• ONE OF THE MOST TROUBLESOME 
EFFECTS Cfl(,'ountcrcd in the production of 
quartz platcs for frcqu('llc,Y control is that 
of "spurious" or "coupled" frequencies. 
These arc due to modes of vibration giving 
unwanted rcsponec frequencies ncnr the 
dl'8ired frequency. CIUUll!:l'II in temperature 
can cause tbe interfering frequencies to 

move nean'r to, or farther from, the dCl'irec:i llIoU(" in which Ctl.-~ the 
normal response may decrease or increase u.."i the temperature cbanges. 
H the quartz plate L'! used in an oscillator, the amplitude of oscillation 
will change as the temperature changes, and I'QmNirncs Oi"cillatioll!l 
cease altogether at II pu.r
ticular temperature . 

To examine a crystal by 
])Oint-by-point measure
ments is extremely difficult 
and tedious, tOBay th(' lenst. 
Such measurements arc of 
but little value for prodllc· 
tioll control sincc they must 
1)(' repeated for each change 
Illude ill the dimensions of 
the quartz. 

During the war, an in
~trumcnt for rapidly exam
ining the response spectrum 

Fig ..... I. Po".1 ~l.w of the cryltol 
"",d.lndlcotQf. 
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of quartz plates was suggested by Prof. 
K. S. Van Dyke, of Wesleyan Univer
sity, to scveral manufacturers, but no 
instrument was prO(iuccd. Atthe doso of 
1 he wur, WOJ'kCI":I at tbe Signal Corps 
Laboratorief'o Imd at colleges, under Sig
nal CoqlE' contracts, developed instru
ments, one of which, built by tbe Signal 
Corps Labor3tori~, ws.!I exhibit('{] at the 
I.R.E. Convention in New York ill 
March, 1948. 

This equipment utifu:cd frequency 
modulation of an oscillator, produced by 
electronic means controlled by the sweep 
voltage of an oscillograph. The oscillator 
output was applied to a quartz piate and 
the rectified response was displayed on 
the cathode ray oscillograph. The shunt 
c~pacitance of the bolder was balanced 
Qut, 80 that tbe pattern represented 
the admit.tance of the quartz element 
ruone. 

A simplified arrangement, utilizing a 
General Radio TYpE 700-A Wide-Range 
BeatF'rcquenoy Oscillator, with a small 
motor~rjven (or manually operated) 
variable capacitor lIS the frequency 
modulation me&rul, is easily assembled 
and is very useful for testing quartz 

, 
plates ill the range from 500 to 5000 
Mc. 

This crystal mode indicator, now in 
use in the Gencml Radio Company'!\ 
crystal gl'inding laboratory, is shown in 
Figure I. At the top of the rack is a 
Gcncral Hadio THE 700-..\ Wide-Range 
Beat Frequency Oscillator. Dlle COII

necting wire is brought out at the rear, 
from the fixed oscilbtor tuncd circuit, 
for connection to the fl'cqucncy sweep
ing capacitor described below. 

At the bottom of the rack are the con
trol panel and the cathode-ray oscillo
SCOI>C· 11le oscilloscope shown here is a 
Dumont Type 250, with a five-inch 
super-persistence tube. This model is 
particulnrly oonvenient, s illce d-c ampli
fier connections nrc available by. usc of 
selector switches 011 the panel. (A Du
mont Type 208-B ullit was used pre
viously, where d-c amplifier connections 
are available by changing the internal 
wiring in accordance with instructions 
given by the m:lnufa{:turcr. ) 

The control pa.ncl has a rest nt the 
upper left-hand corner for the heater 
unit used in bringing the temperature 
of the test crystal up through the nonnal 
operating tcml>crature. The unit is fi. 

hea\'y aluminum cup in which al'C buried 
two cnrtridgc-type heaters opcl'Illing aL 
!l. total power of 50 watts. At the uppeE' 
center of the coutrol panel is thc U~8t 
crystal, which plUg!< into jacks mounted 
in !l. polystyrene pillte. Below the test 
crystal is the dial 011 the shaft of the fre
quency sweeping capacitor, with 1:1.11 

adj ustment knob (j ust to the right of the 
dial) for altering the spacing of I he 
plates. This provides for altering th(' 
nUlge of the frequency sweep. 

Flg",e :2. Ilea. ~Iew. showing th e molo. d.I~. and 
f flq .. ency. ,w .. plng capocilQl. 
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• 
Below these is the clutch control knob, 

operating a spring pres...«ed idler wheel to 
be either free of the belt or to press on 
the belt ronnccting the driyc motor and 
sweep frequency capacitor shaft. When 
disengaged, the sweep can be operated 
llJt\nu1I.lIy by rotating the dia l. Where 
much routino lise is made of the equip
ment, a motor drive is desirable. For 
occasionsl lISC, or for demonstration pur
poses, manual operation is entirely sat is
factory. 

At the bottom of tbe control panel is 
the Varine IolOb for controlling motor 
speed, the motor power switch, and a 
master power switch, which controls the 
battery and line supplies to the entire 
8IlScmbly. 

In Figure 2, a view of the apparatus 
behind the control panel is shown. The 
molor, clutch-idler, belt, and the shaft 
of the frequcncy-swecping capacitor arc 
readily identified. On the shaft, from 
if'ft to right , arc ( 1) the potentiometer, 
for producing the synchronized hori
zontal d-c AWe<>p voltage, (2) the blank
ing contactor which short-circuits the 
d-(l verticol rlcOecting voltage during 
1200 of the rotation, and (3) the swecl>
ing-frequency-capacitor moving plate, 
which gives a quite linear change in fre~ 
quency for 2400 of the rotation. The 
motor gear reduction and the applied 
voltage give sweep rates adjustable from 
about onc per EC<!ond to about one in 
twenty-five scronds. If too rapid Il sweep 

---_ .. ", 

Figl/r. J. Scb.motic diQg rom of 
th •• 1.ctricClI cirw it. 

",..-_00:00 -... ...... ,......... , ... 

....... _. 
~ .. 
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flgu", 4. O. cillo"rClm of th. r •• pom.. of CI 
q UCl rl, plot. wilh two ,pUl'Ioui ••• pon •• Ir •• 

qu.nd ••. 

is used, difficulty is cn('ountered from 
"ringing" in the crystnl. 

The fixed plato of the frequency
sweeping capacitor is a sector 150 wide 
supported on Ii guided block on the 
vert ical base. By mertns of a threaded 
shaft this plate can be moved toward or 
away from the rotating pillte to change 
the range of frequency fiweep. A scale 
IU1d pointer are provided 80 that the 
sweep range can be reset to desired 
values without, the need of recnlibra
lion. 

At the upper right. are lJIounted the 
resistors, by-pu-<IS ca pacitor, IU1d ger
manium rectifier ur<cd for ohtaining a 
rectified d-c response "ohage from the 
quartz crystal under test. l1iC essentinis 
of the circuit urc shown in the schematic 
d iagram of F igure 3. (For comenienee in 
viewing, the germanium l'ectifir:r iF. poled 
to give negative deflectionfi on thf> 
screen.) 

An unretouched photograph of the 
~ponse of n 1400 kc AT -cut quartz 
plate, before edge grinding, is !"hown in 
Figure 4. The sweep cycle !;tarts at the 
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Ilpper left, with tbe spot. moving to tbe 
right. As the blanking contact is closed, 
there is no vertical deflection. Whell the 
blanking contact opellS, the spot drops 
downward a.long a vcrticallinc, the dis
tUlIce depending on the sh\\Ilt capaci
t ante of quart..: crystal and holder and 
on the frequency. Then as the 8POt 
moves to the right, in synchronism with 
the change ill frequency, the response of 
'he quartz crystal is b's('cd. At the right 
edge of the figure tbe spot jumps up to 
thf'. z(' JU line when the blanking contact 
closes :ual fin[ll1y returns along lhe zero 
linc, F, to the initi:l.\ position. 

The response of II normal quartz crys
tal consists of :l smooth curve from 
region A to a millimum, ot series reso
nance, at B, followed by 9, smooth rise 
to a ma.:cimum at parallel resonance, at 
E, followed bY!l elUooth drop. 

1n Figure 4, a smull spuriolls response 
is indic:~iC'd Ilt A, :mel a larger olle at 
D. Bolb of these movt"' tOWfird the left 
(toward lower frequencies) , -with respect 
to the principal resonance H, M the 
temperature is increased. The response 
at D increases rapidly in magnitude, 
with rising tcmpcrnt ure and at some 
temperature D reach~ the same level 
a,q, B. The quartz er}'Stal then bas two 
response frequencies where the series 
impedanccs are low and equal. Any 
slight change in temperature then causes 
one response to be larger thall the other. 
Under these conditions the frequency of 
fin oscillator in which t.he qUllrtz crystal 
is used will jump from one value to 
another, At E parallel resonance occurs 
between the qUM z plate (acting as an 
effective inductance) and tho total Bhunt 
eapacitnnce. The impedance is high as 
rvidenced i)y the spot returning to UlC 
zero line. 

Suitable edge grinding causetl the 1'('· 

ti pOllSe5 A and D to mj)ve to the right 

• 
(toward higher fl'equencies) . To produc'c 
a satisfactory quartz crystaJ, the grind· 
ing mllst be continued until rcspouse A 
has been carried clear through the ope l'
ating rcgion to a frequency well above 
the region shown in the pbotogmph. 
All this is very straightforward, but the 
pract ical difficulties I!ometimes pile up 
when slIch edge grinding brings in flddi
tional responses, from the lower fre
quency side of the pictuTC, which must, 
in turn, be moved out at the high fre
quency side - which brings in more low 
frequency responscs, wbich must, in 
turn, ... etc. 

Only one difficulty has bc€n cxperi
enced in setting up and operating this 
equipment, and that is frequency modu· 
lauon of the oscillator output produced 
by mechanical vibration. POEsible causes 
lie ill the power slipply of the instru· 
ment, wbere transformer vibration me
chanically modulates some part of the 
two oscillator circuit;j, and in vibration 
transmitted from the motor or Variac 
t.o the sweep frequCIlcy cnpacitor, con· 
neding wi l'etl , or to the oscillators of 
the source. The :unouot of !'lIeh fre
quency modulation iR minute, but, on a 
very !<tccp -pol'tioll of a quartz {'ry~t!ll 

response curve, it is readily observed as 
a lengthening of the spot. This difficulty 
is great ly reduced by usc of sponge 
rubber mountings. 

- J. ]\:. C LAI'r 

The etystnl mode iudicntor described in the 
foregoing article ill (lOt manufactured for stile by 
the Genernl Radio Compnny. T he o!!Cillntor, 
olldlloscope, Variac, n.nd motor o.re sll\1Jdard 
commercinl products, a3 are ml\ny of Lhe other 
parl.8, The oomplete n.ssembly co.n be built in II 

well-equipped model shop, and crystnl manu· 
fact.urers will find it 1\ valuab\e production t«J1. 

- EDITOR 
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THE VE RSATILE VOLTAGE - DIVIDER 
PART I 

A wire-wound potentiometer, or more 
accurately 9. voltugc-dividcr, is super
ficially 1\ vcry simple device. It. consists 
of nothing morc than a lit.tle rCSLClbUloo 
wire, wound around a supporting man
drel. with AQme sort of traveling brush 
llrrangcmcnt to adjust the position at 
which contact is made to the wire. But 
the simple appearances are deceptive. 
This gadget is fCally im;idious in its po
tential complexity. The circuit designer 
optimistically sccs in it a panacea for all 
his troubles. He wants a potentiometer 
that will mcct myriad requircment8, 
many of which turn out to be mutually 
contradictory. He may want !lmall size, 
high o~ratillg temperature, extreme 

linearity, vcry high resistUIlCC ,-alue, and 
a closely held curved relationship be
tween resistance and rot:ltioll, which is 
often a curve having \·cry steep portion.". 

Whcn one of these " illlpossible" speci
fications comcs to a potentiometer de
signer, he has to make up his mind 
whether to regard it as It challenge, or 
just to let the little men in the white 
coats come and get him. What he really 
docs is to detemline, with the circuit. 
engineer, the best compromise between 
what is wanted and what can economi
cally be done, probably dreaming lip 
some new method or dodge under the 
pressure of the compromise to approach 
more closely the ideal desired. 
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Potentiometers were among General 
Radio's earliest products. In producing 
them, the policy bas boon to aim for the 
quality rather than the quantity market, 
supplying highly critical users with a 
product for applicatioll8 wbere the qual~ 
ity of materials and workmam:bip should 
be high with correspondingly long life, 
or where rigorous electrical s(JCcifications 
arc to be met. Potentiometers, which 
eM, of course, be used as rheostats by a. 
change in connections, nre stockt>d in 
standard resistance values which are 
decimal multiples of 1, 2, and 5. For 
specialized applications, units can be 
built to order, when the quantity desired 
is large enough to permit economical 
design and manufacltn'e. 

FEATURES 

These potentiometers currently offer 
a number of features to provide flexi
bility of choice for lhe circuit designer, 
although combinatiOM not listed in our 
curreut catalo,l!,: arc available only on 
~1}Ccifi l order: 

I. Sizes. ]o.loldl'(l bases at'(' svailabk 
havin~ drum diallwtcrs, around which 
the flat-wound resistance strips are bent 
for attachment, between 1,,"" and 5". 

flgur. 2. ,., 5.lncll·borr,1 potentiometer with 
r ... tlfylng mect.onl.m. Thl .... i,lo. i, ..... d in the 

T)'pe 650·'" Impedance 8rid",e. 

• 
The larger sizes are used where morr 
resistance or more power-handling capac
ity is needed. Sometimes, as will appear 
Inter in this article, one of tbe larger 
sizes is 8lso needed where n steep re
sistance-rotation curve is to be met. 

2. Mandrel Width". Different widths 
of mandrel, that is, depth behind panel, 
are a.vailable. In particular, the 2M" 
barrel-diameter bases arc avail!\blc with 
four mandl"Ci widths. The reasons for 
changing widths are similar to those for 
changing 8izC5 of base, with the addi
tional J"CS80n that the width required is 
dependent on whether the takootT brush 
is a single onc riding on a narrow flnt 
edge, or a multifingered one traversing 
part of the inside cylindricftl surfncc . 

3. ShaJu. H" O.D. shafts n.rc regu
larly available in oonterlcss-ground sbin
Ices steel, paper-base phenolic tubing, or 
steel-oored. phenolic. For special pur
poses, (If course, sha fts of other material~ 
could easily be used such AA bra.<;!l, 
aluminum alloy, !'otic! phenolic rod, etc. 
}~" 0.0. shafts are generally nvailable 
only in centerlcss-ground !:'tainlCf'8 "tee!. 

4. Resistance Afloys. There :uc many 
resistance alloys Iw:l.ilnble having oon
trolled composition and resistivity. These 
va.ry in resistivity from 10.6 ohms per 
circular-mil-foot for copper, up to 800 
ohms per ci rcular-mil-foot for EVlUlohm 
or 331 Alloy. In general, as the resistiv
ity of the alloy increases, the lumlnC&!, 
wcar-resistance, and tensile Hrength 
increase, Bnd the tcmperature coefficient 
of resistivity decreases. The highcr
resistivity a lloys arc employed where 
high total resistance is desired without 
using too fine a wire. The 10W-reFist ivity 
alloY" are IlSed where it is iml>ortant 
that the resistance per tum be low, or, 
in other words, thnt there be fine adju!lt
mont of the I>otcntiometer because the 
total nllmber of turns is large. 
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5. Justifying Mecha-nis1n. The largest, 
or TYPE 433, I>otelltiomctcr, having a 
5" diameter barrel, can be provided with 
all adjustable justifying mechanism (see 
Figure 2). Tbis mechanism provides 
:\ means by which the contact arlU CUll 

be made to travel at a different rate from 
the d riving shaft. This enables the user 
tu make the potentiometer track morc 
closely a predetermined (perhaps etched) 
Bcale than it would as it comes from 
normal manufacture. The justifying 
mechanism consists of a flexible cam, 
the shape of which can be altered by 
screwdriver adj ustment.s (see illustra
tion). 

6. Range. By changing the many 
parameters that will effect the total, 
resistance values from 1 ohm (or even 
below) to 1 megohm can be obtained . 

These parameters include: 
a. Wire size. 
D. Use of ribbon instead of round 

wire. 
c. Spacing of wires. 
d, Wire alloy. 
e. Size of molded base. 
f. Shape of winding mandrel. 

7. Accuracy. For catalog models, t,he 
accuracy specification is ±5%. By using 
& continuously variable speed changer 
to drive t he carriage feed on the winding 
lathes, and by continuous monitoring 
of tbe results, it is possible to maintain 
an accuracy of ± I % in total resistance. 
Howevcr, for some extreme mandrel 
shapes, which arc discussed later, not 
even the catalog accuracy of ±S% can 
he guaranteed. 

8. Lin.earity. If linearit y of voltage 
division is an important property, this 
can be improved by close attention to 
dimensions of parts and by keeping the 
winding lathe free of looseness, or laah . 

9. Materials and Dimensions. A num
oor of thedetailsof thesevolbge-dividers 

fEBRUAR'I' , 19 49 

figuro J. Close·up view of on Ayrlon.Perry 
non·lnducrlvo winding on 0 lopored form. 

have been glven particular atlention in 
order to secure superior performance. 

Shafts UI'C all centerless ground to con
trol diameter closely, are made of stain
less steel if of metal, or of a specinl grade 
of wrapped molded phenolic paper-base 
tubing having surface hardness con
trolled to resist damage from the points 
of set screws. The shafts run in journals 
of brass molded into the bases, which 
practice allows the shaft hole to be 
cylindrical and to be controlled for 
diameter better than a hole molded into 
the base. Shortly, when equipment now 
under construction is ava.ilable, these 
shaft holes will be bored, rather than 
reamed, for still better control of size 
and direction (±O.OOOS") 011 the <.liaUl ~ 
eter. 

The mall(lrcl'S on which the l'Csist
alice wire is wound ure made from a 
special grw:lc of linell-ulll'p (rather tbau 
paper-base) phenolic sheet, in order to 
guarantee better flexibility for forming 
the mandrel around the molded base 
without cracki.ng. "'There bend radius is 
small, or where the mandrel hns a nar
row portion, a morc expensive, nylol1-
fabric-base. phenolic sheet is used, which 
has much bette!' flexibili ty and tensile 
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strength. A woodworking molder bas 
been "dapted to machine-finish the edges 
of tht."'1.: mandrels, :188uring straightness 
tUlli parallelism of the two long s ides and 
u. (.'OulrQlled smooth COil tour tht'l'('()f, np
proximate ly semicircular. 

TI\('~e control ... of width twd cdbl'() 
contollr ure important if extreme linc
nrit.y of voltage division is 10 be ob
lained (when a very linelU' volta6re-<U
vidcr i~ nccth:d) or a. panicultlr cur\'c- is 
to be tracked accurately. It is tllso ncccs
flary to add another operation for turning 
the outside barrel of tbe molded base 
cOIl(.'cntric with the shaft. bushing, in or
der to remove eccentricity and molding 
taper, and to control t he baITel diameter. 

H secumte tracking uf 11 resistance
rotation curve other than a straight line 
is to be attained, it is nccessary also to 
control closely the thicknCBS and the 
width of the mandrcl (aclually wbat 
needs to be controlled is the sum of 

• 
thickness fllld width, which dctenrunes 
the length of wire l:lCr turn at a giVCll 
rotation). 1£ a lIumber of \'oltagc-divid
era are to be g:tng mou nt<.od, it is some
times nc(:essary -thut the b3SC of the 
molding be machined to be nonnal to 
the axis, in order to minimizc the inevi· 
table difficulties in "ucb a structure itt 

b"Ct.ting the Rhaft. to rll ll smoothly alld 
easily. 

10. Non-J.lIduClire Willdiflg. Where it 
is importaot to minimize inductance of 
the unit, the Ayrton-Perry method of 
winding can be cmployed (sec Figure 3). 

- p. K. ~lcELROY 

(To be t:OIIUnued) 

This is! Part I of o.lbJ'OO.part article by M r. 
McElroy on the design, perforW8Jlce, 8Jld lip
plication of wire-wound pot.enUowetel'L The 
other two part.! wiU be pub.liabed in early illIIuee 
of the Ezperimmhr 8Jld wiU cover rueh sub
ject.a as desigll t.ricka, Iiwit.n.t.iocs, e(l()oomics, 
and ClIlUJlples 01 \!!e. 

- EtHTOR 

COAXIAL CONNECTORS FOR RG - S/ U CABLE 
We have received a number of in

Quiries about. '1'Y1'E 874 CotOOal Con
nectors to fit the widely u!Stu Army
Nnvy Type HC-S/U COIlC('ll tric cable, 
:uld we are glad to unllOUliCC tlmt. these 
are 110W available, 9i! listed below. Th<,y 

are identical wi th tbe struldard con
nectors £01· Celleral Rad io TYPE 874-1\ i 
Cable prev io ll~ ly annollllccd ,* except 
that. the tl'allsitioll pieces, which conned 
to the cable, are designed t-pecifica lly to 
fit RC-8/U cable. 

Typ' /'.' el IV eight CfJda II' ord p,*~ 

174-CI 1 C"II '- C"nnMIOf ... ······ ··· ····1 l >~ 011. 174-1'1 P"n,' ConnKfo' .... ............ 2J.~ oz. 
174-I'CI Ponti C,nn'ct • ., wIth Cop ....... 2 .l4 oz. 

'I'bi~ collnector i9licenscd undcr U. S. Patent No. 2,125, 8\6. 

COAXCOIWCR 
COAX r U'rl'E Il 
COAXT()i'PEIi 

$2.00 
2.25 
2 .75 

tW""i'lTh .. ",t.on. " \ lUdidllly l\'ew C<lemlc"nnector (ot u.., LobonIOJ')'."O",."" HiUlio P.rj""'i ...... t.o:r, (),·h,u,·t. , 0.8 

GENE RAL RADIO COMPANY 
2JS MAS SACHUSETTS AVENUE 

CAMBRIDGE 35 MAS SACHUSETTS 
TELEPHONE : TRowbridre 6· 4400 

BRANCH ENGIN EE R ING OFFICES 

-

MEW 'ORK I , MtW 10.( 
II WEST STRHT 

TH.- WOtl ' 2·JU J 

lOJ AM.HU U. CUlfORMtA 
11 .. MO R1 Ii SEWARO STREU 

Hl.- IiOIl, .... 1 .$lOI 

CHtC.;O t. IlllMOIS ......... 
IU 50UlH MItH I; .H .YEM~E 

rH ._ WA "I~ 1.UU 
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