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IMPEDANCE

d lessons in ¢

ion-systemdesign is
that, to obtain the greatest
possible transfer of energy from one
circuit. to another, the impedances of
the two circuits must be matel
straightforward is the concept that the
have been overlearned. In
very many cases the reason for the use
ansformers as impedance-matching
ces is not so much to g
transfer as 1o reduce distortion, fre-
quency diserimination, and other com-
mon defects in voice-transmission cir-

FSS==NE of the first and best
% lears
ni

o in power

It is very easy to fall into the error
of exaggerating the amount of reflec-
tion loss that oceurs due to mismatched
circuits. From the single consideration
of power loss a surprising amount of

power source conneeted to a resistive
load. In actual prac
that pure resistances

ce it is not often

il be found in
radio- or audio-frequency circuits, but
in most cases the phase angle is so sli

(G))
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MATCHING

that for purposes of practical des
stration it may be considered to be
#zero. In Figure 1 a generator produci
a voltage E; and with an internal re-
sistance R,
load Ry. The current that mu flow in
the cireuit is

T=

R+ R

When Ry, = Rq, that is, in the case
where the
pedances are matched,

enerator and load
the current,

E | andith power in thelosd is

) e = o

When the impedances are not maullmd

e current in the load I’ =
the current in the load ' = =7

and the power is

I"R,

Ro+ n,,) i

"The ratio of the power in the load for
the matehed condition to the power for
the mismatched condition expressed in
decibels is the mismatch or the reflec-
tion loss. That is
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Fioune 1. Circuit on which to ba ions of the reflcction loss at  single junction
N = PR R+ RE ever, welledesigned and carefully made
Nav = g = 10 logn i transformers of the

3 per and iron loss of about 20%. o
+ R, decibels. When it is considered that

20 log 26 " G

ViR.R, small power transformers have effi-

formula can be calculated

n loss that occurs due to
together any two imped-
ances having small phase angles. For
a 0-0hm vac
were connected directly to a 500-ohm
line, the impedance mismatch of 10 to 1
would caleulate to cause a loss of 4.8
decibels. The losses caleulated for a
number of different impedance mis-
es are shown in the chart in Fig-
For phase angles of less than 15°
the loss curve is practically the same,
but the mismatch loss is always less
when cither circuit has a react
ponent.*

Ttis obvious, therefore, that in many
ses the actual power loss due to op-
erating between mismatched imped-
ances is not serious. If 7
loss transformers could be realized, it
would certainly be worth while to use
them where every m
available power must be utilized.

e com-

or no-

sion Netwocksand Wi i
Py

ncies in the neighborhood of 83¢
efficiency of 807 for audio-frequency

transformers is quite good in view of

the many other problems involved in
their design, such as frequency charac-
e, freedom from distortion. ctc.
The real value, howeyer, of audio-
y transformers and the reason
use is 5o essential is to keep
the circuit impedances at the correctop-
erating values. For example, the design
of a transformer 10 operate from a |..‘..
impedance line to the gri
v is not a simple job, and the success-
ful operation of this sort of transformer
depends upon its operation from the
pedance for which it is designed. A
togrid transformer designed 1o
operate from 500 ohms is apt to show
frequency discrimination if operated
fmm a line of 200-ohms
5, a designer of a voice-input cir-
finding that the output |p¢dlme
of his miser panel is 200 ohms,
has probably been determined by e
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REFLECTION LOSS IN DECIBELS

microphone impedances, would cer-
uml, insert a zm 10 500-0hm trans-

RATIO BETWEEN ABSOLUTE MAGNITUDES OF IMPEDANCES.

fon in des

s ety
urve s for a phase dif of 0°

function, among other things, of the
mpedance into which it works. Ordi-

1 the input
G150 sy 1 fen et e
were designed 1o operate from 500
ohms. The use of the transformer i dic-
tated not by the consideration of the
reflection loss hetween the 200- and the
500-0hm circuit, which is less than one
decibel, but by the fact that the im-
pedances must be kept to their correct
value to maintain proper frequency
characteristics.

Another example of the necessity for
correct impedance matching is in the
familiar case of output transformers
from vacuum tubes. The distortion in-
troduced by a three-clement tube is a

ily. when
the tube is worked into an impedance
equal to approximately twice the plate
resistance of the tube. In the case of
the 243 tube the plate resistance is
about 800 ohms and for two tubes in
push-pull is 1600 ohms. The General
Radio Tyre: 541-D) Transformer is de-
signed 10 couple this system into dy-
namic speakers. When operating at a
fixed bias potential, it is recommended
that these tubes in push-pull work into
3000 ohms, which is approximately
twice the plate resistance. From a con-
sideration of the power loss duc to mi
match the tubes could be worked into
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Well-Designed

Adjustable
AUTO.

TRANSFORMER

This adjustabletransformer is made
by the General Radio Company and
represents a striking advance both in
electrical and physical design.
It is a toroidal auto-transformer whose
output is varied from 0 to 130 volts
(5 amp. maximum) by means of a
sliding carbon brush. The input is
115 volts at 60 cycles.

From the design viewpoint the use of
molded insulation, circular punched
transformer laminations and the spun
aluminum case are interesting. The
hich carries the carl -
at. )

member w
brush has a fin to dissipate

TEL: (516) 334-5959 + (800) 899-8438 » FAX: (51

ww jetlabs.com

6) 3345088
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pedane

varying widely from 3000

The impedance of ribbon and ve-
locity microphones ave

and 40 ohms. The custom:
atrol used with these mi
has an impedance of 50 ohms. An in-
spection of the chart in we 2 will
show that the reflection loss due to
25 10 8.0l g(-uuumr and
a 30-ohm load is neg

ges between
y volume

ing a

The fre-
quene of nm micro-
phones is not affected by su
impedance mismatch. Therefore, it is
sound practice 1o operate them into the

characteristi

were used to couple these two circuits
would introduce a loss ap-
ating 2 decibels which \u)uld be

formers play a
the circuits where these questions are
ly, telephone lines are
wellblanced. partiularly high—quulll_\
s of the sort used to connect rer

pickup points with the l.m-.lrmmg
studio. If these lines are connectey
rectly to an unbalanced amplifier,

one without a balanced and
put transformer, the result-
ing unbalance would affect the line and
might introduce cross-talk. The cus-
tomary cure for such a condition s to
sert a 1-t0-1 transformer between the
line and the amplifier input ©
former. The General Radio Tyek 585-R
Transformer s an example of this. It
has balanced windings and an electro-
static shield between the primary and
sccondary circuits o that a b. nced
line connected te imar
balanced even llmugll Moot
dary beconnected toan unbalancede
On short lines running iy
a laboratory, the question of
unlxllumc e not usually so serious, but
the amount of pickup
u]llfl lhnt have been encountered
due to the fact that some part of a short
|...|. Ix-meen amiser panel and a speech
or some other short local cir-
is unbalanced. In the case of larger
studios where several voice channels are
& parallel through pateh boards,
relays, or other -wllthmg nmlumm.
ce to
ires in. llxe form n( lvnﬂed
lded by flexible copper braid.

re-

sd e e

the  cross-talk  diff are elimi-
nated. v

£
ARE YOU PLANNING TO MOVE?

I+ you are making cither a perma-
nent or a temporary change in mailing
address, please don't forget to noti
us or leave forwarding postage with
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your postmaster. Otherwise you
may mi o more issues of the
Exremiveyte and wonder why

Thank you!
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AMPLIFIERS FOR ALTERNATING-CURRENT BRIDGES

Sl ok seimdaeas

(General  Radio Type

2). the bridge in

the center, and the ampli-
fier at the bottom

U= this title W. A. Ford* and
. Bousman® describe two
audio-frequency  bridge amplifiers in
May. 1931, issue of the General
After discussing the ef-
fect of stray admittances between the
bridge clements and to ground, the am-
plifiers shown in the two accompanying
photographs are described.
The complete bridge of Figure 1 has
an_amplifier for the detector circuit
with an iron-cored input transformer

Electric Resieu,

“Generl Enginerin Laborsory, Geneel e Co.

(G))
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between it and the bridge.
ment that was sub
induced in the transformer by power-

t o interference

ven of another am-
in which resistane

plif'er of high g
i between bridge
o .\mphﬁcr a ot Thl omnbined
with suitable multiple shielding and a
self-contained galvanometer, has mi
i nd rendered fixed and defin
many of the variable stray capa
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bridge

tances that often canse elusive errors  Readers possessing an eye for detail
in precision measurements. will notice the liberal use of General

Figure 2 shows u.. interior of a l(mllolnboﬂmr\ accessories, e.g. TyPE
Sehering bridge i this second n Condensers, Type 539
: oaice & Wit ey ondensers, Ty 510
ance Units, ete.

\" e
the entire amplifier unit supported on  Decade-Rq
porcelain insulators within the shield

for the entire bridge.

—Jony D. Crawrorn
Wik
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