


THE BRIDGE

Seven

Seas

Spanning the seven seas are in-
visible bridges . . . radio wave
lengths that carry messages
from one nation to another. In
wartime, these bridges help to
coordinate the activities of our
fighting men. In peacetime, they
will coordinate the neighborly
activities of the entire world.

AT PRESENT, ABBOTT transmitting and
receiving sets are serving our coun-
try. A day will come . . . soon, we
hope .. . when our products will be
used to promote comradeship in all
the lands. Illustrated is the ABBOTT
Model TR-4 . .. a standard, compact
and efficient Ultra -High Frequency
Transmitter and Receiver.

Work ... don't wish ... for Victory.
Buy More War Bonds

RBBOTT
INSTRUMENT,INC.

success to test samples 1 mm and
0.95 mm in diameter, and will
operate with the same coils, al-
though with lower sensitivity, on
0.56 mm wire. Other diameters
would merely mean coil redesign.

Graphical Determination of
Operating Point of Self -
Biased Tube

By ARTHUR SCHACH
Project Engineer

Tempictone Radio Co., dlyetic, Conn.

IN CHECKING vacuum tube circuits,
the problem of finding the proper
operating point on the static char-
acteristic curve frequently arises.
The circuit of Fig. 1 shows the data
usually given: the supply voltage
(Ebb) applied across the tube, a
plate resistor (R), and a cathode
resistor (R,,) in series.

The usual method of solution is
one of successive approximations.
First the load line corresponding to
R (or R R,, if R, is not negli-
gible in comparison with R) is
drawn on the plate characteristic
chart. Then a guess is made at a
likely plate current, and the volt-
age drop that this would produce
across R. is computed. Next,
there is read from the load line
the current which would result
from a bias equal to the computed
drop. The whole process is re-
peated several times until a cur-
rent is obtained which differs only

Fig. 1-Essentials of typical self biased
stage

slightly from the previous approxi-
mation.

If an error of several ma may be
neglected, we might stop at the sec-
ond current obtained (i.e., the first
computed current), and take the
mean of it and the initial guess.
The error incurred will depend on
the accuracy of the initial guess.

But, quite as expeditiously, we
can obtain the true limit of the
above process, and hence, the exact
solution of the problem, by the
following procedure for which an
example is worked out in Fig. 2.

(1) Note the intersection of the
load line with the zero -bias curve
(A, Fig. 2) and mark the point A'
vertically below it on the voltage
axis.

(2) Choose a convenient plate
current, I,, (preferably less than
that corresponding to A) and cal-
culate the drop it would produce
across R5.

(3) Locate the point B, on the
load line, which corresponds to
a grid -bias equal to the drop just
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Fig. 2-Graphical solution illustrating the method described in the text. The
current, loi was taken as 5 ma as suggested in step 2

8 West 18th St., New York 3, N. Y.

240 February 1944 - ELECTRONICS



...with X-RAY
the modern way to "know"

what you're getting

A New England

Z4r; war plant, purchas-
ing steel castings
from an outside
source, was ex-
periencing a reject
rate of 75% after
machining. Each

reject meant a loss of 3 machine and
man-hours. Solution: X-ray inspection to
"spot" defective castings before machin-
ing. Result: 100% real production from
same men and machines ... tremendous
savings in materials. Another example of
how Westinghouse X-ray takes the
"guesswork" out of industrial inspec-
tion ...speeds production and cuts costs.

J-02022

See page 9

Westinghouse

X-RAY
PEONES IN 2S CITIES OFFICES EVENTWHERE

calculated, and mark the point B'
vertically above or below B on the
horizontal line corresponding to
the chosen current.

(4) Draw A'B'. Its intersection,
P, with the load line is the required
operating point.

If a constant bias is superim-
posed upon the self -bias, the
method of solution is the same if
we allow the grid -bias curve cor-
responding to the constant bias to
play the same role as the zero -bias
curve plays in the method as out-
lined above. That is to say, if the
constant bias is e., the point A will
then be the intersection of the load
line with the bias curve for e,, =
e..

The correctness of the method
just described rests on the assump-
tion that the constant -grid -bias
curves, corresponding to equal in-
crements of grid -bias voltage, cut
the load line into equal segments.
Within the limits of graphical ac-
curacy, this assumption is nearly
always justified.
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Fig. 3 A portion of Fig. 2 showing the
geometrical relationship of the various

points discussed in the text

Figure 3 is a repetition of part
of Fig. 2 plus the points B", P',
and Q, whose geometrical relation-
ship to the others is made clear
in the figure. Now, if I. is .the
plate current chosen in step 2,
then the current corresponding to
P will be

A' P'
A'Q

In virtue of the similarity of tri-
angles A'P'P and A'QB' this is
equal to

P' P

and this would produce in R. a

drop equal to

QB'

p
(1)

QB'

But, by construction, the bias cor-
responding to B is IX,. Hence, be-
cause of the above -mentioned as-
sumption, the bias corresponding
to P is

A P---totth
AB

which, in virtue of the similarity of
triangles APP and AB"B and be-
cause AB" = QB', is equal to

Q

p
I.R., (2)

But the equality of (1) and (2)
proves that P is the desired solu-
tion; i.e., that the plate current
corresponding to P produces a drop
in R. equal to the grid -bias cor-
responding to P.

Geometric Solutions of
L -Type Excitation Networks

BY ROBERT C. PAINE

THE PROBLEM OF FEEDING two Or
more resistive loads from a single
source of power at varying currents
and phase angles at a given fre-
quency can be solved by the use of
an L -type reactive network. One
case in which this problem arises is
in the excitation of directional an-
tenna arrays. A chart for the solu-
tion of these problems has been
shown by W. S. Duttera in the
October 1942 issue of ELECTRONICS.
In a specific problem more accurate
results can be obtained by graphic
solutions on a sufficiently large
scale. Such diagrams can also be
used to check mathematical solu-
tions based upon them.

The requirements of a given net-
work can be indicated by the ratio
of the current required in the load
to the current that would flow if the
load was directly connected to the
source of voltage. This ratio can be
expressed by the factor K4) of which
K is the ratio of absolute values of
current and 4) is their relative
phase angle.

The network shown in Fig. 1 is
designed to change the current by
the factor 7/6 (-60°). The graphi-
cal solution shown is constructed as
follows: Draw the line OD equal to
the load resistance R, to any con-
venient scale, and draw OB equal to
K times E at an angle of -60° Con-
nect B to D and draw the line OC
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