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V-5 SERIES VARIACS - NEW, 
IMPROVED MODelS REPLACE 

200-C SERIES 

• FOR MANY YEARS the 200-(' 

Variac has been OUl' most popu\:\1' single 
instrument. We might, lXlrhups, have 
chosen to let \\'ell enough [l,lone :mel COll-

tinued 200-C sale::; indefinitely. Yet, inevi­
tably, such a COlll"SC collides with t he hard fact th:lt failure to progrc$S 
is to retrogres.". 

)ICl"C change, however, is not progJ'~S. In supplanting the 2OO-C 
with the Y-5 we have made evcry clTort to incoq)O!"atc features that are 
tl'Uly impl'ovcmcnt.", Careful con.~idcration has been giycn to ca.ch 
f(l.(:tor, iue]uding greater cOIlI'cnicllCc and utility, reliability, impl'ol'cd 
ap!){'!\J'fl.IH'C', and increa."Cd value. 

For ."our convcnicnce the V-5 has the new Gellcrnl lb.dio Unit Bru.<:h, 

F'GUHI:: 1. The ol t! and the new. At t he ~igh t i ~ shown the ne"" '1'1"'1': V·Si\lT . 
"t the left t he olt! T n'". 200·C\1. 
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F':JCUR~ 2. "The new General lhdi() lInit 
Lrnsh ... can he cho.nged will)()ul t oolll." 

which tan be ChUllgro (Figure 2) without 
tools. The V-5 Bru!;h ha-, a further ad­
vantage in that. its low Rprung weight 
reduces hammering and arcing tmder 
vibration conditions, injurious to both 
brush and winding, and it is designed to 
preyent contact of the brush holder with 
windings and consequent sbort..clrouit 
damage. Proper brush pressure is as­
sured by the usc of an accurate coil 
spring, which in tum is electrically 
shunted so that. the spring is noL sub­
jected to lood current.. Brush t.ravel is 
limited by a rosilient stop. 

No longer is it necessary to take prac­
tically the whole moving assembly apart 
to reverse a shaft in changing from pilnel 
to table mowlting, or vice versa. A 
single screw (Figure 3) loosens the shaft. 
for remoyal or tightens it in assembly. 
Brosh adjustment and the resilient stop 
~tting are unaffected by shaft reversal. 

f.·I CllR~ 3. ".\ ein!; lc Kfe\O' 
1000000ni Ihe eb.ft for ",,,,oval or 

tighten. it in .~mLly:' 

• 
Variacs have to be carried, and knobs 

are poor and unreliable handles, relying, 
as they do, on set screws. Figure 4 ~ 
shows the V -5 cord with molded-on plug 
which, wound about the Variac and 
plugged into the Variac outlct, serves lLS 
an {'xcellent carrying strap. 

Rubber feet, that squeeze back into 
their sockets for panel mounting, make 
V-5 Variacs considerate of your 
bench, table, or desk, and provide suffi­
cient friction to prevent slipping even on 
smooth surfaces. Rounded contours, 
devoid of sharp or irregular projections, 
still further protect against damage to 
adjacent objects (includi.ng hands and 
feet) in the inevitable bumps and drops 
that occur in the life of an instrumcnt. 

D ials with BIG calibration figures 
and additional scale points make V-5 
Variacs elLSY to read and to reset. Clock­
wise rotation to increase output is the 
rule. 

Terminals have both solder and 
screw connection facilities, are easy 
to get at, and logically arranged . Bar­
riers reduce the hazard of sho~ircuits 
from loose strands. A circuit diagram, 
integral with the temlinal strip, identi­
fies each lead and indicates normal volt­
ages (not turns, as heretofore ) 
between leads as a wiring aid. Extra 
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• 
terminals (6 and 7) greatly extend the 
usefulness of the V·5 Series Varises 
when used wit.h supplementllry trans­
fonners. 'l'he terminal strip itS<'lf i!:l a 
high-impa.ct-strcngth molding, pro­
tected by a metal, fiber-lined <,over to 
reduce further the possibility of break­
age. 1£, however, you are ingenious 
enough to break it, the only tool re­
Quired for replacement is a screw driver. 

Next to a zipper, t.he V-5 case and 
terminal cover assembly method is the 
faswst. Two screws only are required for 
tbe assemhly of the t.wo pieces to the 
base. A cover band, carrying integral 
rivctt;, cooperates with the screws to 
form a secure yet rilopid assembly. Type 
numbers distinguishing cn.sod and un­
cased models are automatically fonned 
by registering tabs on lhe part.s. 

A new, heavy-duty switch breaks 
both sides of the line in mounted V-5 
models. Provision is made for polarity 
indication for use with grounded loads, 
which, while seldom recommended, are 
sometimes required. 

General Radio Company hn.s never 
featured appearance for appearance's 
sake. Yet V-5 Variacs have a distinctly 
modern look, naturally and functionally 
derived. Curves instead of a.ngles result 
from the maintenance of fixed. clearances 
with a minimum of enclosing material. 
The top "band" is used to )Xl5ition the 
perfora.t.ed cover side when it is welded 
to the top ring. The bot.tom j'band" 
which fonns the other termination of 
the cylindrical portion of the enclosure 
carries fastening rivets as previously 
explained. Both are fUllctional. The 
8ush dial is a perfectly logical method 
of conserving space and material, as it 
is eminently suitable to fonn a portion 
of the enclosure. The perforations were 
deliberately chosen to accent the cylin­
drical nature of the design. Perforations 

MAY, 1 U6 

FleU R!:!: ~. .. ... the V.5 oord with molded-on 
plug whidl, wound al>OUl .be V.rille anti 
plugged into the Variac olllll't, &en' eII All an 

excellent carrying illnl)'" 

were required in any event; bet.ter at,.. 
tractive thu.n not. 

The finish sel .... ctcd for V-5 Variucs is 
all exceptiollully dum,hle matte baking 
lacquer. I ta lack of high lights prevents 
distraction of attentiOIl and preserves lhe 
unity of the bMic design, The usc of 
aluminum for stmctural parts with at­
tendant corrosion resistance is further 
enhanced by this wear-resistant and 
attractive covering. 

Last but not len.st, don't overlook the 
fact that V-5 Variacs deliver 25 per cent 
more KVA per l>Gulld than equivalent. 
200-C models. Grain-onented strip cores 
permit reductions in both iron and 
copper for comparable ralings. Alumi­
num instead of zinc and steel in slruo-­
tural parts furthers this weight reduc­
tion. 

- GILBERT S)(ILEY 
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GENERAL RADIO E X PERIMENTER • 

S PECIFIC AT I ON S 

Nolf!: l\lodeb "re designated by tyPl! number. 
The b.'\l!ic V,\IUACS, V-5 (for I la-volt input) and 
V-511 (for 230-volt input), ure suppliod with 
terminal striP. but without ClIl!(l, wrminlll bol. 
6witrh, con"enienco outlet. and cord. ModeLs 
V~'l~ 1 aud V_SHill include the essc. ModeLs 
V_5MT and V • .sUMT DrO eompleto mounted 

IPlIII Rating (KVA) .662 

Input \'olu;gc 11' 

Output VoltllJl:e 135 
(Zero to ) II ;; 

BU\.I.>d Current (Amper!'!!) 5 

l\Itu;il1lum Current (AmpcrOil) , 5 

:-<o-Lolid 1.0811 - 00 '""" (WaLtII) , 
Oriving Torquo ( Inch OUlll"ell) 3 .... 

Overall Height for Table Mounting Ouches) 5 

;\1r.xirn lLrn Panet Thickn""" (Inch('JII) % 

Depth behind Panel ( I nchOl!l) 3",.., 
Diameter of V"riac Cylinder ( InchC!l) ",""" 
\.hl for Tertllin"l~ (InchQ!l) , • 
:-<e~ Weight ( Pouud.<) G% 

rode Worrl COBRA 

Price 516.50 

modl'ls with eA.8(l, wnninal box, switch. oord. and , 
outlet. 
DiaLs: D inls are engraved for overvoltl\gc COHnt..,­

tion (135 Or 270 >'olt!! maximum). Spooial di,.L~:ore 
avaibble for 115- and 2;lO-,'olt maximum out put. 
Dial i.o! ro"er~ihl<). ono sid<) for table mounting. the 
other for panel. 

v..o ,l[ V.."MT V..,,11 l '.oHM V..oIIMT 

.862 .862 575 .575 .575 

m 115 230 Or 2.10 Or 230 or 
m 11 5 115 

135 135 270 270 270 
115 115 230 230 230 

, 5 2 , 2 
l ' I' I ' 

, 5 7 .5 , 5 2.5 , 5 

, , 0 0 0 

3O-W 3O-W 3o-,r;O 30-50 30-50 

5 5 5 5 5 

% % % % % 

3",.., 3" ... 3",.., 3"ilO 3"", 

<1 """ 4"" 4""" 4"4 4"4 

',,; \"4 ',,; ',,; I .. ~ • 

7 ' % 6,. 6M 7% 
--

COPAL COR,\L CULPA CUM IN C UPLD 

$17.50 520.00 521.50 $22.50 $25.00 

·Wlth I i a-volt mput apphed acrOllS half the wmdlllg, 

F ICURE 5. UniVCl1l101 
di ou ells ion drawing 
for Ihe V-5 series of 
V .. ri aCB" The basic 
V -5 VatiDe is ~hown 
in f" l1 linea. The ea il(l 
( l\! ) a nd Ih~ Ic.",innt­
hox COVCr ('I') a re 
ehm."u dotted. The 
kilO!. nIH \ dial iU l'nncl 
II1ount;"g l,o;;il;OIl arc 
also $ho .... , dOl I.e.:\. 
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D AND Q 

,...... • T HE POWER lOSSES illbuth 
eaJ)l1eitors and iJlciuetors can be CX~ 

Jlrc880d in several diffCl'Cnt ways. JII :l. 

perred. rcnctor the current either leads 
or !lIb'S the voltage by cxn.ctly 000 as 
!';hown in Figure 1. When power losses 
occur, the phase rmgle (I becomes ics.'! 
thall 900 by an anglu 6 called t he loss 
angle OJ' phase defect !l.nglc, as shown in 
Figul'll 2. The power loss II' is a direct 
function of thi:,ll~~ :m~lc: 

)I" = 81 ('()O/:i (I "" lSI "in 6 (1, 
where the trigonometric fUllelionS arc 
defined as the power f:lOWI", 

Tho !'cadm' call 00 mprcseuicd f'itilcr 
a.s !l pa rallel or series I'j I'('u;t, I ~\S shown in 
I"igllrcs 3 and 4. For these c i rcui~. t he 
po .... er 10&'1 is 

E' 
I\' - -"- ~ E'G - I'll, (2) 

fl , 
The rn.tio of parallel feact.'UICC and paml­
lei resistance is call«1 the dissipation 
factor D, while its l'cciprocaJ is call ed 
the storage factor Q. 

D = -.!:.. = Xp = (; = N~ 
Q fl p JJ X. 

(:I) 

Combining Equations (2) :md (:1) 
E'JD /)">2 

II' =--~--
Xp QX" 

Q 
• Tuni;, II' . ~., "The Nrioe •• 0<1 1'.,..jJd CompoM'''. or 
hI>J)(Id .~." G ... ~ Rod ... Blpauowot~, XX. S. J . ... 
u..,., IIIIII. 

F.eLKK I (It!jl ). H .. lation tM."I" een curren t "",I 
"ot l ll!,':e for II 1,erfCCI r,-,aewr. Ph~&e :IIIg le8 i890°. 
10'" •• 11 K ~ (ri&"' ). Hda .iQrI hel " 'ccn curreut 
H,,, I "'ltagc for" "'IIelOr haviul; Il>iISC@. 1' 1 "'8~ 

II ngl .· 9 ,Iirr"ri\ frO lll <)00 I,y loes angle. 

" ---- '< , 

, , 
• 

, 

rl X • • 1/ 8 f-
-

Rp· IIG 

---1,_-,-X. ---,~..-. -
R, 

FI(: ' III H 3 (UOIll1:). l 'sr"lId 01)1111"""'111-11 or ~ . 
" ·/le l<.r. 

Fl<Jtl ltK 4 (lor·I"".). S .. rie. CtJ rnl'''''" ,-, '' ' 8 1) ( H 

r .. He. " r. 

The llamC!i of th(l<\C ftlctol"S al'(' a.ppro­
priate, for di.!l8ipatioll fncwr D is pro­
pOitional to the power dissipated in tho 
resistive elements, and storage factor Q 
is proportional to tho power SWI'OO in 
t.he I'eactiye clement.!!. T he relation of 
the.'>e f:lctors to the phase and 1058 angles 
:l.'! !lhowu in Figure 2 is. 

1 o = - = cot. 8 = tan 0 (5) 
Q 

Dis::>ipation fnetor and !)OI\' CI' fact.or 
difTo!' by lc.ss than I {l~ when thoiJ' values 
tne less than 0.15. 

Dissipat.ion fudol' ilnd stOrt\gc factor 
arc used as figuJ'{'$ of merit, or qualit.y 
factors, for capal'ilors and inductors. I t 
hM become customary to usc dissipation 
factor D for cnpn.citors and rstomge 
factul' Q fOI" inductors. T boro are, how­
ever, many ro:\.<;OI\" fot' \Ising d issipl~tion 

factor exclusivcly. III the first placo, any 
I}()wer loss is U ltcfe<:t., a departure from 
l)(lricction, and tho f:lctor th!lt lllCfi.5uros 
it "hould v:~ry dil·C<'tly with it and go t<J 
zero for zcro loss. Dil)Sipatioll fa.()tol' 
mects this I'OqUil'CIlWllt and :;tol'age 
facto!" docs 1101.. Va lues for several t.ype:; 
of capacitor::; are givell in Table L 
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GENERAL RAD I O EX PE R IMENTER 

TABLE I 

Capacitor. 
P~llI!r, Ordinary 
1' • .-. Quality 
1\ lie., Qrdiu.ry 
Mica. Quality 
Polystyre"e 

D 
o 0') 
0006 
0 ,002 
OOOOS 
O.OOO'J 

Q 
50 

"'" 500 
2000 
5000 

It is sometimes urged that dissipation 
factor is awkward because it is a decimal , 
with several ciphers before the signifi. 
cant figure. To remedy this, dissipation 
fuetor has boon exprcs..<;(l(1 in per cent, 
as is customary fo r power factor when 
used for power tmnsmission. This has 
led to endless confusion when it bocomes 
necessary to state tho accuracy of its 
measurement also ill per cent. For this 
reason, it is expt'CS8oo as a rnt.io in all 
ASTM specifi cations and i ll t\ll General 
Radio publications, 'rhere is only a 
slight gain in the number of figures re­
quired if storage factor Q is used instea.d, 
as is shown in Table 1, and the ability 
to show accuracy by tho number of 
significant figures is impaired. 

in the second place, whenever there 
is more than one source of l~ in a 
reactor, the dissipation factors repre­
senting 8uch losses add directly to give 
the total dissipation factor. :Multiple 
storage factors can be added only b;y 
taking the reciprocal of the sum of their 
reciprocals, in other words by first cal· 
culating dissipation factor. A good 
example of multiple dissipation factors 
is offered by a capacitor with a solid 

" 

• 
dielectric,2 such as mien.. Over a wide 
frequency range there arc three kinds 
of 1Ob.--<;eS. as shown in Figure 5. At low '" 
frequencies interfacial polariUl.tion pro. 
duces a dissipation f:u:wr D" which 
decreases with incre..'l.Sing frequency ill 
such manner that it rcsulta in a straight 
line with a slope less than 45° on a. log. 
log plot of dissipation factor against 
frequency, Such a law would produce a-
very low dissipation faclQr at high 
frequencies. There is in addition a 
residual polarization , whose origin is 
not u nderstood, which produces a mini· 
mum dissipation factor D" that is con· 
stant wit,ll frequeucy, At high frequcn· 
ciC8 ohmic resist."~llce in t he leads to the 
capacitor becomes an importnnt source 
of loss, both because lhe renctanc(l da. 
creases with increasing frequency nnd 
because skin effC<lt in the leads increases 
their resistance as the square root of the 
frequency. Hence, dissipa.tion factor Dr 
from this source increases as the 3/ 2 ~ 
power of froquency. Total dissipation 
factor is the sum of the three separate 
dissipat ion factors. Obviously, storage 
factor is useless in such a summation. 

Storage factor Q has boon used for 
inductors for a loug time in conuection 
with tuned circuits, In a tuned circuit 
in which flo voltl\b'C C is introduced 
either through a serios rcsist..'l.nce as 
• h eld R F " Frequency Ch...-aeteriolw,. 01 Dead. 
0<>..:1..:-1," .. a""""'" RaJ;" 8zJHri ... ....,~, XVII . 6. 
October. 1!H2. 

FIGU"~ 6. Circuit r<)f' IIl f!ll!ur· 
ing ! tep 'op voltage ratio, 

'" 
[;;-... 1. 

....... ,f , 
-- • • II b """' .. ... '" .. "'" 

,y, 
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shown in Figure 6, or inductively, the 
ratio of the volt.age developed across the 
tuning capacitor to t be input , 'oitage is 
the storage factor Q of the circuit. 

E wL I , - Q- n:-RwC (6) 

If Ull air ca.pacitor 01' a mica capacitor is 
IISed, t.he losses of the inductor :lrc 
usually 80 much greater tbM those of 
tbe capacitor that it has become com­
mon practice to consider t hat this volt.­
age step-up is the storage factor Q of the 
inductor. But even here t bere may be 
multiple losses. With care it is possible 
to design all rur core inductor using in­
sulated stranded wire (Iitzelldmht) hav­
ing 11 dissipation factor of 0.002 (Q = 
5(0). A poor mica capacitor cou ld o:lSily 
have a dissipn,tioll factor of 0.00 1 
(Q = 1000) . Here is n. 50% efror if the 
voltage step-up is used. If both losses 
aTC considered, it is much faster to note 
that. the total dissipation factor is 0.003 
than to add the reciprocals of 500 and 
1000 which, when it is done, runOlmts to 
first cnlculating dissip~tion factor. 

Inductors furnish just as good un 
example of multiple dissipation factors 
88 cBpacitol'S. In an iron·core coil therc 
arc three sourcoo of loss3, 88 sbown in 
Figure 7. At low frequencies, the dis-
• Mdo:Lroy, I'. K_ • .o.nd f'leld . R. F .. "110" Cood io "" 
lroo-Cor«l CoolT'·. Gno..-ol It<>d;' Erpn-i", ... ,.. XVI. 10. 
M ardi . 1\1<12 

FIt..IJHt;: 7. Compollcllt .iis..ipatioll fllc turs of 
'"' in:on -corw ooi1 ; D. from ohmic r~"iiull-nce. 
V. (rom hYllcrt:lli!. and V , (rom eddy cll rrem<!. 

1.0~ 
~ 0 , 

• 
~ 
u •• 
~ .~ -/ z 
Q 

! , 
.DO 

/ ~ • • is 

.00' 
>D, "'" I~ ~" """ FREQUENcY I 

M A Y, 1'-46 

sipation factor De produced by the 
ohmic resistance of the inductor varies 
inversely with frequcncy and is "here. 
fore a st.raight line sloping down at 45° 
on a log-log plot of dissipation factor 
against frequency. Uysw.resis losses in 
the iron core provide a dissipation factor 
D" which is constant. with frequency and 
whose magnitude increases with ftux 
density. Eddy current. losses in the iron 
laminations increase with frequency and 
produce a dissipation factor D. which 
increases directly with frequency. The 
total dissipation factor is the sum of t.he 
t.hree separate dissipation factors. As 
noted under capacitors, it would only 
complicate matters to try to use storage 
factor Q. 

Air-core inductorij uSt.'<.i near their 
resonant frequencies olTer a different set 
of three losses. Ohmic resistance fur· 
Ilishes a dissipation factor Dr varying 
inversely with frequency l\S shown in 
Figure 8. There arc eddy current losses 
in the copper winding which behave in 
the SIl.me manner 88 eddy current losses 
in iron and give a dissipation factor D. 
which increases directly with frequency. 
Finally the distributed capacitance of 
the inductor hl\S II. dissipation factor Do 
of its own and detennincs, with the 
induct:mce of the coil, a natural fre­
quency 10. The dissipation factor V, 

F~GUfU~ U. Coflll'ouel11 diMi llollon (oclon! of 
II" lI ir -cored ooil, /). fro '" oh,,"c rebistance. D, 
(rom eddy cnrrenl<l. II l1d V , fn:om diflrihutw 

cal'lIci lulice. 

.~ ~ 0 D, , Ii 
i "' 
~ if! z 

0 

~ .001 
• /: ~ • • 
" .0001 

I~ ~" ICIOke "" """ FREQiJENcY , 
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GENERAL RADIO EX PE R IMENTER 

which this capacitance produces in the 
coil varies with the square of t.he fro­
quency, having, of course, the value Do 
at 10. Again this total dissipation factor 
is the sum of the three separate dissipa~ 
tion factors. 

An even more complicated CMU is a 
multiple layer toroid with a loll' per~ 
Ille..'\bility dust. ool'e for usc at high 
frequencies. There n.ra five sourccs of 
IOS.'I , ohmic resistance, eddy currents in 
~th iron illld copper, hysteresis 100000cs 

• 
in the iron, and dielcctric lOi'SeS in the 
distributed ('IWl\Citall("{·. 

It thus l~ppcm~ that. in both the ,-." 
analysis :\lId the synthesis of losses in 
capacitors lmd inductors, dissipation 
factor best expl"CSScs thei r lossC$. Sinee 
both ca]lncitol'S and inductors a re now 
used OVe!' vcry widc ranges of f 1"C(luency, 
it is logical to use for all other calcula~ 

tions the fllctOl' in tcnlll$ of which til{' 
losses nrc be:.1. expressed, namely dis­
s ipation factor D. 

- R OBEltT F. FlEW 

NEW ADDRESS FOR WEST COAST OFFICE 

• IN ORDER to tuke care of the 
increasi ng acti vi t y of our \\'cst-<"O:lSt 
oflice, we nre Illo\'ing to larger quartcrs 
nt 950 North Highland Avenue, Los 
Angeles 38, Californin, about two 
blocks west of our forlller location. The 
telephone number is Hollywood 6201, 

The inerca.sed SP ll('fJ and teller r:\cili~ 
ties at the lIew add rl':-;S will enable ~\Ir, 
Pred c.ric.k Il'cln nd ,thc. {·nginec.r in charge, 
and his s taff to handle the requiremcnt;; 
of our WCllI--<:on...,t customers with tht' 
sumo cflieicnt service :\8 in tlw PllSt. 

GENERAL RADIO COMPANY 
275 MAS SACHU5ETTS AVENUE 

CAMBRIDGE 39 MASSACHU5ETT S 

IlEW lOIit eo MlW YOU 
.. WUT snEEf 

T(l. - WOITlIl · SlJl 

TELEPHONE : TROWBRIDGE 4400 

BRANCH ENGINEERING 

lOS AII;HU 11 , CHIlO_MIA 
lSi IIOUII HIQlllUO lYEIIUE 

tEL _ IIOllYWO OD iUI 

OffiCES 

tIlICA;O 5, ILLINOIS 
ne SOIlIl Mlelll;lli lHMIH 

Hl._ WUUII IIH 

-.,. 
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