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eWE HAVE RECEIVED l a t e l y  a 
number of inquiries about the meanings 
of uch terms as ••series capacitance," 
"parallel capacitance," ••series resistance," 
••parallel resistance," etc., as they are used 
in instruction books for General Radjo 
bridges. Although most engineers think in 
terms of the eries omponents of imped
ance, many types of problems, particularly 
those involving vacuum tubes, are more 

simply handled in terms of the parallel components. Certain bridg 
circuits give directly the series components of an impedance, whi]e 
others can be arranged to give the parallel components, the choice 
depending on the intended application. Discussion of the relationship 
between the series and parallel components, however, seldom appears 
in the elementary textbooks. 

That any impedance can be represented both ways is clear from the 
fact that measurements on it at a single frequency can determine only 
the relationship between the voltage across the impedance and the 
in-phase and quadrature components of the current flowing ·through it. 
Stated in terms of power engineering, a cir uit ele1nent draws a certain 
amount of power at a particular va1ue of power factor, and these h\'O 

quantities completely define the effective impedance of the element for 
the conditions applying. It is sometimes convenient to represent the 
impedance as a pure resistance in series with a pure reactance, but it 
is very often more convenient 
to consider it as made up of 
a different value of resistance 
in parallel with a reactance. 

FIGURE L E amples of equivalent 

series and parallel circuits. 
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GENERAL RADIO EXPERIMENTER 

The two r pre entation , however, are 
ompletely equivalent and either pair of 

component an be simply determined in 
terms of the other pair. 

For exam.pie it will be seen ·that., in 
three ca es shown in Figure 1., the first 
configuration of series elements would 
draw the ame current, both in phase 
and magnitude as the second configura
tion., consisting of resistive and reactive 
elem.en.ts in parallel. The two arrange
ments of each case are in.di tingui hable 
from each other by measurements made 
at their terminals at a fixed frequenc . 

The general relation.ship between the 
elements of the eries and parallel ar
rangement can be simply found by 
equating the curr nt drawn in the two 
cases. 

e 
(1) 

where Rs and .r 8 are the series com
ponents and RP and Xp are the parallel 
components. Rationalizing and equating 
the real and imaginary terms, 

Rs 
R? X2 ;+ 8 

or 

Rp 

Xs 
R2 x2 s + s 
or 

p 

-

-

-

1 
Rp 

Rs ( 1 + ��) (2) 

1 
p 

Xs (1+ �;) (3) 

The quantity s/ Rs is the :Ca:miliar Q 
or storage factor of an inductor or capac
itor, and its reciprocal is the dissipation. 
fa tor D, more frequ ncy employed in 
describing the losse in capacitors. Sub
stituting the e quantitie in quation 
(2) and (3), 

2 

Rp Rs (1 + Q2) = Rs ( 1 + �2) (4) 

Xp = s (1 + �2)= X8(1 + D2) (5) 

These equations give the parallel 
component of impedance di1·ect ly in 
·terms of the eries component . The 
relation.ship , howe er, ser e equally well 
when the series om.pon.en.ts are required 
and the parallel components are given , 
because the quantity Q or D can be 
determined directly from either the 
series or parallel component . Dividing 
( 4) by (5), 

Rp -
Xp 

or 

Q -

Rs Q2 
x 

-

1 Xs -
D Rs 

Rs 1 ---
Xs D2 

= 

Rp 
(6) 

p 

o that Q can be det:ermin. d immedi
ately, whichever omponents are gi en, 
and used in Equations (4) and (5) to 
obtain the other component . further 
simplification. is that only one of the two 
Equation (4) and (5) need be employed 
with ( 6) to make the com lete tr an for
mation.. The three steps in each case are 
as follows : 

Given Rs and Xs 

(1) Q s -
Rs 

(2) Rp - Rs (1 + Q2) 

(3) Xp 
Rp 

Q 
Given Rp and p 

(1) Q 
Rp 

p 

(2) Rs = 
Rp 

1 + Q2 
(3) Xs= RsQ 

If it is pre ferred to work in term of 
dissipation factor the corresponding 
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tep are: 

Given Rs and Xs 

(1) D -

(2) R = p 

(3) x -p -

Given RP and p 

(1) D= 

(2) Rs -

Rs 
s 

Rs (1 + �2) 
Rp D 

p 
Rp 

1 
1 + D2 
Rs 

(3) Xs = D 

It is seen that use of Q or D, which are 
associated with equal simplicity with 
either the series or parallel components, 
greatly facilitates the transfo mation. 

ince (6) is readily borne in m.incl, th 
only relation ·that need b remembered 
is that, as seen from (4), the ratio be
tween the parallel and series resistance 

the quantity 1 + Q2• It hould b 
noted -Lhat ·the paral el r i tance and 
parallel reactance are always gr ater 
than the corre ponding series compo
nents. It is obvious that for large Q the 

eries resistance must be small compared 
with the series reactan.ce, but the parallel 
resistance must be large compared with 
the parallel reactan.ce. 

One of the simplest examples of the 
utility of the parallel impedance com
ponents is in parallel resonant ircuit 
where the coil losses are high. It will be 

een in � igure .2 that parallel resonance 

R p ·X J 

JANUARY, 1946 

FIG RE 2. Seri and parall I r sonant cir
uit . The capacitance necessary to resonate 

with a given induct:ance will depend upon 
whet:her the elements are connected in series 

or in parallel. 

oc ur when the con.den er reactan e 1 
a tl equal to the parallel r a tan f 

the inductor, regardless of -ihe co· losses. 
If the tuning capacitance for parallel 
resonance is determined from the series 
component of ·the oil impedan e, on 
the other hand, -ihe required value 
depend ho h on the r sistanc and on 
the reactance. In the series circuit the 
opposite applies and r sonance occurs 
' h n the conden er reactance i _ actly 

qual ·to the eries rea tance f th 
inductor. Where the Q of the coil i high , 

the differ nee betw en its ri s and 
parallel reactance i negligible in ordinar 
applications. v n with a Q of 0 the 
diffi rence is only one per cent. But for 
lower values of Q the difference rapidly 
in.creases. The parallel r actance of an 
inductor with a Q of 1 is twice the seri s 
reactan.ce, so that only half the capa i
tance i requir d to tune it to resonance 
in a parall 1 ir uit as in a eries ir uit. 

-W. . T TTLE 
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HEAT DISSIPATION 

F OR ELECTRICAL 

e I N S E L E C T I N G T H E T Y P E of 
cabinet construction to be used in a par
ticular instrument design, performance 
considerations are generally thought to 
dictate such m.atters as shielding require
ments and anti-vibration treatment, 
wher as the importance of aesthetic 
appeal, portability, compactness and 
cost is evaluated in terms of customer 
demand. The fact that practically all 
inst:ruments, at least those using vacuum 
tubes, dissipate a certain am.ount of heat 
is not on]y a design problem that is often 
neglected in the first draft of an instru
ment, but may be the limitation on both 
the quality of shielding, if ventilation is 
necessary, and the minimum practical 
size to which a unit can be built. Taking 
account of the heating immediately 
raises the problem.s of what is an allow
able maximum operating temperature, 
and bow to predict t.he dissipation ca
pacit.y of a cabinet of given construction 
and size. 

Although the highest ambient tem
perature expected in the field of applica
tion generally determines the criterion 
for temperature rise, the hot spot tem
perature is the limiting factor where the 
deterioration of components is con
cerned, and the average temperatu1e 
rise is res1:ricted by precis circuit ele
ments when 1:emperature coefficients 
obtain. Taking 50° C (122° F) as the 
maxim.um ambient at which a labora
tory instrument is likely to be used, we 
find that for most circuits a 40° C rise 
for the hot spot and a 20° C rise for the 
maximum. air temperature give conserv
ative operating conditions. 

Not only are the therm.al conditions 
existing in even an idealized cabinet so 

4 

FROM CABINETS 

INSTRUMENTS 

complicated as to defy analysis, but they 
are widely different from those met in 
an actual instrument, so that the exact 
physical analysis, if it were available, 
would be impractical to apply to a 
specific design. A general understanding 
of the physical phenomena involved is, 
however, helpful in suggesting methods 
of improving the heat dissipation of a 
cabinet. 

If we examine the three possible 
methods for heat to escape from an un
ventilated box containing -ihe usual 
complement of vacuum tubes and trans
formers, it becomes evident that con
duction accounts for most of the heat 
loss and that convection and radiation 
are small factors, because of the ow 
temperatures of the walls. Heat coming 
from. the air inside m.ust have a temper
ature drop to push it through the cabi
net wall as well as through the air films 
immediately inside and outside of the 
wall. The resistance to heat flow of a 
me-ial wall is negligible in comparison to 
that of these air films, although a thick 
wood or fabric covered wood wall has a 
resistance comparable to that of one of 
the air films. An appreciable proportion 
of the heat. is usuaUy generated at high 
temperatures, and its transfer to the 
inside surface of the case is therefore by 
radiation, so that the more closely the 
inside of the case resembles a black body 
the bett:er will it be. In spite of the fac"t 
that the absorption of radiant energy 
raises the temperature of the inside sur
f ace of the case and thus reduces the 
temperature difference that drives the 
heat through the inside air film, the net 
effect is to increase the heat flow h 
raising the outside surface temperature. 
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Even at the low temperatures that are 
satisfactory for the outside surface of a 
cabin.et, a small gain in heat dissipation 
results from. improving the radiation 
efficiency of the outside surface. In 
short, a metal case with dull black finish 
in.side and outside is the most efficient 
for t;his class of electrical equipment. 

Experimental evidence indicates that 
in cabinets of 100 square inches or larger 
the heat dissipation capacity at a given 
temperature is proportional to -the area. 
The following table shows clearly the 
effect mentioned above of the various 
finishes and. materials used in conven
tional cabinet construction, and these 
data give a means of making sufficiently 
accurate calculations to be useful as a 
design too provided wide departures 
from. the average conditions stated are 
not encountered. 

Panels metal and vertical. 
Heat sources distrihuted. 
Maxim.um air temperature rise -

20° c 
Maxim.um hot spot temperature n e 

= 40° c 
P = kA 

P = llowable power dissipation, 
watts. 

k = Empirical constant, 
watts/square in.ch. 

A = Area, square inches. 

JANUARY, 1946 

Type of Con trucJion k 

A I um in um, panel and box unfinished. 0.04 

A I Umin um, outside of panel and inside 
and outside of box p ainted black. 0.08 

A i r p I a n e L u g g a g e , %" thick plywood, 
black fabric lined and covered. 0.05 

A i r p I a n e L u g g a g e , %" 1:hick plywood , 
0.005" copper lined, black fabric 
covered. 0.04 

A i r p I a n e L u g g a g e , %" 1:hick plywood, 
0.005" copper lined, lining pain1:ed 
black, black fabric covered. 0.05 

W a I nut, Y2" 1:hick. 0.05 

W a I nut, Y2" thick, 0.005" copper lined. 0.03 

W a I nut, Y2" 1:hick, 0.005" copper lined, 
lining p ain1:ed black. 0.06 

R e I a y R a c k , outside of p anel p ainted 
bl ack, box nickel pl ated. 0.04 

R e I a y R a c k , outside of panel and inside 
of box pain1:ed black, ou1:side of ho 
nickel plated. 0.05 

R e I a y R a ck, outside of p anel, and in-
side and outside of box painted black. 0.07 

The design engineer is generally con
fronted with one of two problems, either 
the size of a unit is fixed, and the ques
tion is whether ventilation will be re
quired or not, or the size is not yet 
determined, and a decision must be 
made as to whether the physical size of 
-the circuit components or the heat dissi
pation capacity of the cabin.et will limit 
-the minimum size. The empirical method 
will invariably be used to determine the 
final solution 1:0 these problems, but 
m.uch effort can be saved by a prelimi
nary calculation. 

- H. . LITTLE.JOH 

AN ENGINEERING APPR OAC H 

T O  TR OUT FISHING 

e U N D E R  TH E T I T L E  ••Busman's 
Holiday" we mentioned in our Septem
ber, 1945, issue the m.ea urements made 
by Mr. Robert F. Field of the General 
Radio engineering staff on water depth 
and temperature in Lake Win.nepesau-

kee. Apparently ther are a few engin er 
who like to spend their leisure hours in 
the highly optimistic pur uit known a 
angling, and some in.tere t ha b en 
expre sed by -them in a more detailed 
statement of Mr. Field's investigation. 
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The project had two underlying 
motives, one economic, the other scien
tific. From the economic viewpoint it 
was desirable to find ' here the trout 
were in summer in order to increase the 
protein content of the family food u ppl y; 
the scientific objecti e was to e tablish 
a relation hip between water depth and 
temperatur , and to fin the deepe t 

pot in the lake. Both objec i es, we are 
happy to report, w re attained. 

That e ·cellent fish, the lake trout, 
abhors warm water. onsequently, when 
summer comes and the water at the lake 

urfa e and m hallow areas reaches 
temperature of 70 to 80 degrees ahren
heit, he beat a ha ty retreat o the deep 
water, where more comfortable tempera
tures can be found. t any lake, the old 
timers eagerly point out where the deep 

pots are located. Unfortunately, their 
lories eldom agree clo ely enough to 

perm.it the fisherman to troll through 
the e a t pot and pull in the trout. t 
times, the stories follow a pattern and 
are obviou ly folklor . t others, a com
pari on of data from differ nt ource 
produces more than a u picion of 
organized on pira to uppre s th" 
LL-ue fact objective inve tigation, 
however, will invariably settle the 
matter. 

The ne e ary equipment con i ted of 

:L'" TII r-

•'r=:::: 

1-
w 
:r 
� . 
er 
:r 
� 

0 

• 

"' "" f-
� 
ff, .., . 
c •>---

Or- -

,,_ -

30 -

---... 
!"-. 

---N 

l 

-

""' 
"'--

'\----
i'.. --------

"' 
"-

... ......._ 

I -

I 

6 

a boat, a minimum-reading thermom ter 
and a line marked at 10-fool: intervals. 

In the ac ompanying plot are shown 
the results of l:he in e tigation. For the 
first 30 feel: of depth, the temperature 
depend upon the time of day and upon 
such factors a the weather for the 
previous several days. The two upper 
curves show the difference between late 
afternoon and the following morning, 
and the lowe t urve is the re ult o:f 
several days of cool, rain weather. 
Below l:hese surface differ nee , the 
u timate depth does not affect the 
tempera ure-depth relation hip until a 
40-foot depth i rea hed. t greater 
depth , the data follow two well
defined curves. The upp r curve i for 
ultimate depths of about 100 feet or less 
and a minimum temperature of about 
50 degrees. When the ultimate depth i 
around 150 feet, the temperature belo' 
90 feel: drops 41 degr es and ta 
con tant thereafter. The 41-degree' ater 
is where the lake trout are found. Thi 
temperature is clo e to the theor tical 

alue of 39.2 d gt·ee where waler ha 
ils maxi1num d nit . 

From the plot, it i e id nt dial, if 
the temperature r adings fall along the 
upper ur e, no 41-degree water (and no 
trout) will be found at that pot. If the 
reading follow l:h 1 er cur e, how-

I 

Temperature of water as a 
function of depth. ear 
the surface, the tempera
tur depends upon the , 

time of day and th 
weather for the pre eding 

everal hours, and the 
three branches of the curve 
illu trate the difference 
en ounter d. At depth 
b lo' about 40 feet the 
curve ha t.., o hr /" 
one f r ultimate dep. Jf 
about 100 feet, the other 
for ultimate depths of 160 

feet or more. 
0 IO 30 «» so ao 10 eo 90 100 uo i20 1<30 l"'O 150 tllO 

FEET 
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v r, a d p area at depths up to 50 
feet or more is indicated. t hould be 
noted t.hat 41-degree " ater is po sible at 
ultima t depths le s than 150 feet if the 
po-t is spring fed. From the :fisherman' 

vie1-vpoin.t, this is quite satisfa tory, 
s·nce temperature, rather than depth, i 

JANUARY, 1946 

bis primary on rn. 
n summary, it can he aid that -the 

results were emin n tl atisfactory. n 
the deep spots located, lake t:rout er 
plent:iful, and a 159-foot depth was 
det:ermin.ed to be the maximum in that 
part of the lak co red by the ur e . 

A CKNOWLEDGMENT 

e D U R I NG TH E WAR t h e  l o a d  
on the merican industrial machine was 
enormou -hut it didn't break dow ; 
it delivered about what wa � p cted of 
it. In our own small corner of industry 
we were no exception. The requirements 
of our Armed Services and of our Allie 
for our regular catalog products grew 
beyond anything that had ever been 
e::;timated, and kept right on growing. 
On -top of this we were called upon to 
produce to go ernment specification 
large numbers of complicated and still 
classified measuring equipment which 
was as precise as the b st laboratory 
types. 

We regularly manufacture a variety of 
test equipment and precision compo
nents with almost two hundred different 
ype Ii tin.gs in our pre nt catalog. Most 

of these product are made in relati ely 
small quantities even under wartime 
conditions, hut they generally are im
portant production tools or components 
of other electronic equipment; thu the 
demand wa mo t urg nt. We were 
uniquely in a position to build ome of 
-them, having the facilities, the machin , 
the skilled manpower (although badly 
r due d by -the draft), and th r qui ite 

. . . 
engmeenng e penence. 

To permit o entration of all our 
effort. upon the making of the e products 

we released, on our own initiative, com
plete drawings and all technical in.for
mation in our po se ion for a g1·eat 
many of our other produ t to oth r 
manufacturer who took on the ta k of 
making them under -their own separate 

ontra ts with the Government to help 
fill th urgent war needs of the moment. 

n most ca e th new manufactur rs 
took hold and did an outstanding pro
duction job. In ome in -tance they had 
little previous experience ·with this la s 
of manufactur which makes their 
achie ement even more impr ssive. 

There was and i no connection be
tween the e organizations and the 
General Radio Company, not even to 
the extent of royalty payments. We de
livered the manufacturing and engineer
ing details at no charge and collected no 
royalties - the onl con ideration wer 
that the production be for dire t war 
purpo e and that the manufac-ture 
would cea e at the end of the war 
emerg ncy. 

In many wa the contact were a 
plea ant and u eful perience for us. 
We got to know better many member 
of our own and allied industries and we 
di o red, by att empting to e plain 
them, om o{ the akn es m our wn 

· e igns whi h has helped us with n ' 
design . 
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Ainong the companies with whom we worked and our products with which they 
were oncerned are: 

Automatic ignal orp. o. orwalk, Conn. 

W.W. Boes Company, Dayton, Ohio 

Bond-Ilalstead, Inc., Wilmington, Delaware 

Eastern Company, Cambridge, Massachusetts 

Hugh IT. Eby, Inc., Philadelphia, Pennsylvania 

Federal Manufacturing & Engineering Company, 
Brooklyn, ew York . _ . . .  _ _ . . . _ 

Florida ircraft Company, Fort Lauderdale, Florida 

Freed Radio Corporation, ew ork City 

TYPE 572-B Microphone Hummer 

TYPE 583- Output Power Meter 
TYPE 578-B Shielded Transformer 

TYPE 380-P3 Switch 

TYPE 487-A Megohrnmeter 

T er:minals 

TYPE 804-C Standard- ignal Generator 
TYPE 605-B Standard-Signal Generator 

TYPE 774 Plugs and Patch Cords 

TYPE 568 Condenser 

General Communications Company, Boston, Mass. TYPE 834-B Electronic Frequency Meter 
TYPE P-496 Electronic Frequency Meter 

M and Z Industrial Development Co., Bayonne, N. J. TYPE 434-B Audio-Frequency Meter 

he Muter Company, Chicago, Illinois TYPES 214, 314, 371, 471 and 433 
R heosta t-P otentiometers 

ational Electrical Machine Shops, Washington, D. C. TYPE 774- B Terminal nits 

Frank Reiher, Inc., Los Angeles, California _ . . . . TYPE 804-C U-H-F ignal Generator 

Stoddart Aircraft Radio Company, Los Angeles, Cal. TYPE 7 14-A Amplifier 
TYPE 672-A Power Supply 
TYPE 673-A Power Supply 

Ucinite Company, ewtonville, Massachusetts Plugs and Dials 

GENERAL RADIO COMPANY 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TRO W BRIDGE 4490 

BRANCH E N G I N E E RI N G OFFIC E S  

N EW Y 0 R K 6, N EW Y 0 R K 
90 WEST S TREET 

T.EL.-WO RTH 2-5837 

LO S AN GELES 38, CALIFO R N IA 

1000 NO RTH SEWARD STREET 

TEL-HO LLYW O O D  6321 

CHICAGO 5, ILLIN O IS 

920 SO UTH MICHIGAN AVEN UE 

TEL-WABASH 3820 
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