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ONSIDERABLE interest has
C been shown lately in “Atomic” or

electronic clocks. Engineers at
Northrop Aireraft needed an extremely
accurate clock, one which would start or
stop at a previously determined time and
which would record aceurately to 1/100
second an interval between two oper-
ations. Their answer to the problem is
the Northrop intervalometer.

The intervalometer is used in con-
junction with a frequency standard con-
sisting of a temperature controlled
102.4 ke. quartz crystal oscillator and
several frequency dividers. The reason
102.4 ke. was selected is that this is an
even power of two and therefore simple
scale of two dividing circuits could be
used. It was believed that these scale
of two dividing circuits would be more
reliable than other types of ecircuits.
The frequency divider consists of 10
double triode tubes and provides the in-
put pulse rate to the clock of 100 pulses
per second.

As shown in the picture, the “face”
of the clock consists of six vertical
rows of neon bulbs reading from right
to left 1/100 sec., 1/10 sec., sec., 10 sec.,
min. and 10 min., and also a circular dis-
play of twelve neon bulbs corresponding
to the hours. rIn the center of this circle
are two neon tubes indicating AM and
PM. Reading from the right, each of
the first three rows of 10 bulbs is con-
nected to a 10-position secaler unit.
Each 10-position unit consists of four
double triodes connected in a special
feedback circuit (Fig. 3), the output of
each scaler unit being fed to the suec-
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Front panel view of the clock and intervalometer.

DIRECT READING

Interior view of the precision clock.

By A. E. WOLFE, Jr.

and F. G. STEELE
Northrop Aircraft, Inc.

Design and construction of a

highly accurate intervalometer

for 1/100 sec. to 24 hr. timing.
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TIMER and CLOCK

ceeding unit. The output of the third
scaler unit, which represents seconds,
is fed to a six-position counter consist-
ing of three double triodes. This scaler
unit represents tens of seconds and
feeds the minute unit. This is another
secaler unit feeding a second six-posi-
tion counter representing tens of min-
utes. This counter in turn feeds the
hour counter which feeds the AM-PM
indicator, a single flip-flop. Below each
of the above mentioned scaler units is a
multi-position switch which scans each
unit and detects the number it con-
tains. The outputs of all the switches
are mixed, and the output of the mixer
detects the total number contained in
the clock. Depending on how the clock
is used, this number could represent
either a time interval or some absolute
time. The unit below the face of the
clock proper consists of a power supply
and a built-in 100 cycle pulse source
whieh can be substituted for the fre-
quency standard if aceuracy desired is
not greater than variations in line fre-

ENGINEERING DEFPT.

quency. All the preceding description
refers to Fig. 2, sections (1) and (3).
Section (2) consists of the reset cir-
cuits, the input gate and associated
flip-flop controlling the gate, and the
start-plus line amplifier.

Referring to Fig. 3, the typical binary
“10” scaler unit consists of modified
Beeles-Jordan circuits with a normal
capacity of 16 pulses before recycling,
which, however, is held to a capacity of

Fig. 1. Scanning or mixing tube.
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Fig. 2. Block diagram
of the electronic inter-
valometer and clock.

10 by utilizing two feedback paths. The
other types of scaler units utilize the
same principle to reduce their normal

capacity of eight pulses to a capacity
of six pulses. Referring to the block
diagram, it will be seen that four units
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with a capacity of 10 are used, i.e,
sec./100, sec./10, sec. and min. Two
scaler units with a capacity of six, i.e,,
sec. X 10 and min. x 10, are used, as well
as one unit with a capacity for the
hours. This latter unit is made up of a
counter of six preceded by a flip-flop.
The development of a matrix to scan the
four tubes (Fig. 8) through their 10
positions is as follows: First, if a
stage be in the 01 condition, let that
— 0, and if a stage be in the 10 con-
dition, let this = 1 in the following
table (Fig. 4).

The actual connections of the matrix
appear at the right-hand side of the
table. In the section immediately be-
low the counting stages, junctions indi-
cate 510,000 ohm resistors. Junctions
below that indicate NE-2 bulbs. Re-
ferring to Fig. 4, the table shows five
combinations of the last three stages
which, when combined with the even-
odd configuration of the first stage,
gives us 10 possible outputs.

A short description of the operation
of the matrix follows. Referring to
Fig. 4B, the NE-2 bulb will only light
when side b is high and side a is low.
Side b is high only when all flip-flop
plates connected to it are high.

Considering the counter with 0 pulses
(10 configuration using the abbreviated
sequence), each stage is therefore in
the 0 condition, which means that all
left-hand plates are high: As pre-
viously explained, an NE-2 bulb will
only light when one side is high and the
other side is low. Therefore, since the
left-hand plates in all stages are high,
we must use the right-hand plate in
stage 1 and left-hand plates in stages
2, 3, and 4 to light the (0) bulb. If we
feed one pulse into the counter, the first
stage is the only one to be affected going
from the 0 to the 1 condition, i.e., the
left-hand plate is now low. Therefore,
now to light the (1) bulb, we use the
same ‘“high’” connection, but for the
“low” side of (1) we use the left-hand
plate of stage 1. Consider now the
counter when we feed another pulse
into it. From the table we see that both
the first and second stages are affected,
the first stage going back to the 0 con-
dition and the second stage going to the
1 condition. The even branch from stage
1 now becomes low. In a similar man-
ner, all subsequent positions up to 9
are carried out and the 10th pulse re-
turns the system to zero.

It has been shown that the neon bulbs
indicate the number of pulses fed into
the counter. Associated with each
scaler unit is a 2 deck wafer switch
(see Fig. 8) connected as shown to the
NE-2 bulbs. The rotors of these
switches, therefore, will be able to de-
tect when a given number appears in
the counter. These rotors are con-
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nected to the scanning or mixing stages.

Briefly, a mixing stage consists of a
double triode d.c. amplifier connected
as shown in Fig. 1. An input is ap-
plied to each grid of the double triode
and coincidence is detected in the plate
circuit. The wave shapes are as shown
in Fig. 1, and the 100,000 ohm pot in the
cathode circuit is used to detect only
the most positive part of the wave on
grid 2. Eight of these scanning or mix-
ing stages are used, i.e., one to each
scaler unit. Coincidence of all the out-
puts of all the scanning or mixing
stages is detected in the master mixing
stages. These consist of four double
triode tubes with a common plate load
resistance and separate inputs on each
of the eight grids which are derived
from the eight outputs of the eight
scanning or mixing stages. There is an
output from the master mixing stages
when and only when inputs to all eight
grids are present (Fig. 5).

The output from the master mixing
stages is fed into the inverter and cath-
ode follower output stage (Fig. 6). This
consists of a 2C51 double triode. The
input to the inverter stage is a rec-
tangular wave of about 100 v. ampli-
tude and .01 seconds (10,000 ps.) width.
This wave is differentiated in the input
circuit to the inverter, and only the
leading edge is used. The output of the
inverter is a negative going pulse ap-
proximately 50 us. wide and approxi-
mately 100 v. in height. This is fed
into the cathode follower and this nega-
tive going pulse appears on the output
jack.

Input Gate and Reset Circuits

The input gate is a 6AS6 tube con-
trolled by a flip-flop (Fig. 7). The 100
cycle timing pulses are applied to G:
and the controlled voltage for the gate
which is derived from the flip-flop is
applied to G.. The gated output ap-
pears in the plate circuit. The clock
was designed to be started by WWV
time pulses and therefore a pulse shap-
ing amplifier was included. This pulse
shaping amplifier merely develops a
series of five sharp pulses from the five
1000 cycle sine waves which make up a
WWYV one-second pulse. In addition to
the electronic means of controlling the
gate, two push buttons are associated
with the flip-flop allowing manual oper-
ation of the gate if desired. An NE-2
bulb connected to the proper plate of
the flip-flop serves as a gate indicator
showing either open or closed condition.

To set the clock at any given time, the
reset circuits as shown in section (2)
of the block diagram are used. These
consist merely of a two-position switch
and a free running multivibrator run-
ning at approximately 4.5 kc. In the
“fast” position, the differentiated out-
put of the multivibrator is fed directly
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Fig. 4. (A) Matrix development for typical binary “10”. A given
bulb will light when even-odd bus is low on one side of bulb

and high on other side. (B)

when all F.F. plates on side “6” are high and “a

to the one-second scaler unit bypassing
the input gate and the first two scaler
units, i.e., the sec./100 and the sec./10
units. This is done to quickly cycle the
last three scaler units to their approxi-
mate final position. When this has been
accomplished, the reset multivibrator is
set to slow, the output from the inverter
and cathode follower unit is connected
to the stop jack, and the 6AS6 gate is
manually set open. As soon as the re-
quired number, as determined by the

Detail of (A). Bulb lights only

"a” is low.
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By SYDNEY E. SMIEITH

Engineering and Industrial

Experiment Station. University of Florida

A cathode follower may be used to
provide an ad justable stabilized d.c.
voltage with smail bleeder current.

ANY electronic circuits re-
Nl quire a variable current from

a source of good voltage reg-
ulation. Often, the voltage required is
lower than the power supply output
voltage and is derived from a conven-
tional voltage divider. It can easily be
shown by means of Thevenin’s The-
orem that the voltage regulation of this
type of ecircuit is inversely proportional
to the bleeder current. When good reg-
ulation must be provided and the load
current varies over a wide range, the
necessary bleeder current may be an
unduly large percentage of the total
current load on the supply. Such a de-
sign is inefficient, both in first cost and
in operation.

In cases of this kind, the cathode
follower may often be used to advan-
tage as a voltage dropping and stabiliz-
ing device requiring negligible bleeder
current. In addition, the circuit may
provide a considerable amount of fil-
tering of a.c. ripple voltage which may
be present on the output of the power
supply, and a low impedance to signal
components of load current.

Cireait Analysis

The circuit of the cathode follower
employed as a voltage stabilizer is in-
dicated in Fig. 2. The purpose of the
capacitor C 18 twofold: to prevent any
a.c. ripple present on the power supply
voltage, Ew, from appearing on the

Fig. 1. Voltage regulation characteristic of the circuit of Fig. 2.

showing the abrupt increase

in regulation as grid current begins.
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reference voltage E, and to maintain
the grid at the a.c. potential of the low
side of the load. The operation of the
tube is then such as to provide con-
siderable filtering of a.c. ripple and a
low output impedance to a.c. compo-
nents of load current. The d.c. output
voltage E, will be the difference between
the drop across R: and the bias required
by the tube at the value of load current
and plate voltage (Ewn — E.) which
obtains.
E,,EE.......(l)
Since it is generally desirable to oper-
ate the tube without grid current, the
required grid bias, E., will be a neg-
ative quantity and the load voltage will
be greater than E.

Assuming that the supply voltage
E,, does not vary, the regulation of the
load voltage will be determined by the
variation in grid voltage required by
the stabilizer with varying load current.

Regulation (%) — L

E, '
AE. is the variation in required grid
voltage and E, is the full load output
voltage.

The degree of power supply ripple
filtering provided by the stabilizer may
be obtained by reference to the equiva-
lent circuit of Fig. 3A. From this eir-
cuit, it follows that

- 100

(3)

Solving explicitly for e- and dividing
by e, to obtain the ripple attenuation
ratio:

R
er = (énr — 1 e-) ﬁ—ﬁ

er 1
e (et 1)+ R 9

R
The stabilizer impedance to a.c. com-
ponents of load current may be de-
rived from the equivalent circuit of
Fig. 3B in which the load has been re-
placed by a constant current generator
driving 4, through the parallel re-
sistors B, and R:. The tube has been
replaced in the usual manner by a
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constant current generator driving the
current —e,g» through the paralleled
resistors. The signal frequency voltage
appearing across the load is then:

LB

! R
6g=(1.1,—9¢gm)m‘_;ep‘ . . . (5)

+

from which the output impedance of
the stabilizer is:

€, Rn R}

Brw T ®rr 0 ©
or, when p>>1:

1, R.
Ro J—~ X Rp+R.' (63)

Eqts. (6) and (6a) will be recognized
as the usual ones for the output im-
pedance of the cathode follower. In
many applications, the fact that the
output impedance is independent of
frequency may be an added advantage
of the circuit.

Since in the usual case the stabilizer
will operate without grid current, the
reference voltage divider may be of
high resistance, requiring but one mil-
liampere or less of bleeder rurrent. The
capacitor C should be chosen so that
its reactance at the power supply ripple
frequency, or at the lowest frequency
of the signal load current, will be
small compared with the magnitude of
R: (or, more accurately, small com-
pared with (R:R:)/(R:+ R.)).

Practical Circuit Operation

The results of measurements per-
formed upon a laboratory circuit em-
ploying a type 6J5 tube are indicated
in Figs. 1, 4 and 5.

It will be observed that in both cases
of Fig. 1 the output voltage drops
slowly until grid current begins to
flow, then falls sharply. In each case,
the variation in the output voltage up
to the point at which grid current be-
gins agrees well with the value of grid
voltage at plate current cutoff for the
plate voltage (E,, — E,) applied to the
cathode follower. These curves indi-
cate that for good voltage regulation
the cathode follower should be operated
between the limits of E. — cutoff and
E, = zero as the load current varies
from zero to its maximum value. Over
this range, the output voltage will vary
by the difference in grid voltage, and
no grid current will flow.

The grid current curve I,/ was ob-
tained with no ripple voltage applied
to the circuit, while 7, was obtained
with a ripple of 10 volts r.m.s. superim-
posed upon the 400 volt supply (3.54%
ripple). As should be expected, the grid
current curves indicate that the pres-
ence of ripple voltage upon the power
supply output reduces the maximum
d.c. load current which may be sup-
plied without grid current.

NOVEMBER, 1949

Fig. 4 shows the variation in output
ripple voltage with d.c. load current.
At 300 volts output, the ripple attenua-
tion ratio was of the order of 0.07, or
about 22 db. to the grid current point,
while for the 250 volts case, correspond-
ing values were 0.06 and 24 db.

It must be observed that the a.c. out-
put impedance curves of Fig. 5 are
somewhat sketchy due to the limited
capacity of the a.c. load current gen-
erator employed. They are included
here, however, to indicate certain lim-
itations in operation of the circuit. It
will be observed that the output im-
pedance is lowest at moderate values
of direct current and small values of
alternating current. The increase in
impedance at low values of direct cur-
rent is in agreement with Eqt. (6) since
the transeonductance of the tube falls
off at low values of plate current. The
increase in output impedance with a.c.
load current is due to either of two
factors:

(1) With increasing a.c. load current
the path of operation of the tube
extends over a greater portion of
the characteristic ecurve. Since
the plate current-transconductance
characteristic of the tube is not
linear, the transconductance aver-
aged over the path of operation is
less than that at the d.c. operating
point.

When the sum of the d.c. and the
peak a.c. currents is greater than
the value for which E,. of the sta-
bilizer must be zero, the grid draws
current, thus reducing the load
voltage on the signal peaks. Again,
the average value of the output
impedance over the signal cycle is
effectively increased.

The above discussion indicates that

(2)

Ebb €rr

LOAD

Fig. 2. Circuit diagram of the
cathode follower voltage stabilizer.

Re
@ |
r F'L::

(A)

|
o ::"-, “ i,

(8
Fig. 3. (A) Circuit equivalent of
Fig. 2 for ripple frequency com-

ponents of power supply voltage,
e... (B) Circuit equivalent of Fig. 2
for a.c. components of load current.

the maximum a.c. load eurrent may be
supplied when the d.c. load current is
equal to one-half of the maximum d.c.
current which the eircuit can supply
without grid current, in the absence
of an a.c. load current. The maximum
value of the peak load current is then
equal to the d.c. load current, but the
output impedance to the alternating
(Continued on page 27)

Fig. 4. Power supply ripple fltering characteristic of the stabilizer.
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New cir

euit developed at NS uses

heater-

voltage filnectuations to compensate

Experimental heuler-compensaled power
supply developed at NBS. Variation in

output voltage is

cent per volt change in line

Heater-Conpensated
OWER SUPPLY

output voltage changes, the resulting

NEW method of compensating
A for line-voltage changes in sta-

bilized direct-current power sup-
plies has been developed by Robert C.
Ellenwood and Howard E. Sorrows at
the National Bureau of Standards. In
the new circuit arrangement, heater-
voltage fluctuations are used to com-
pensate for the line-voltage fluctua-
tions. This compensation thereby in-
creases the stability of the output vol-
tage. This method can be applied to
power supplies employing degenerative
voltage stabilizers in which d.c. ampli-
fiers compare the output voltage against
a fixed reference voltage. When the

voltage difference between

voltage.

the output

and the reference potential is amplified
by the amplifier so that the resistance
of a control tube is altered in such a

way

as to restore the output voltage to

its original value. The stability of such
power supplies without heater compen-
sation is adequate for many purposes,

but for very

precise measurements

where greater stability is required, the
new heater-compensated power supply
fills a definite need. Heater compensa-
tion can be used to good advantage
in power supplies for such constant-
current devices as direct-current am-

Schzmatic diagram of the heater-compensated power supply.
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for line-voltage fluctuations.

plifiers and microwave oscillators.

In order to analyze the effect of
heater compensation, measurements
were made on a typical stabilized power
supply (350 volts, % ampere). The ex-
perimental heater-compensated power
supply constructed at the National
Bureau of Standards employs 2 type
¢SJ7 pentode as the amplifier. Other
tubes of the same general type have
also been used with satisfactory results.
Small portable dry batteries are used
as a reference voltage. The reference
voltage was made nearly equal to the
output voltage so that the full change
in output voltage is applied to the
control grid of the amplifier tube. The
batteries are placed in series with the
amplifier grid lead in such a way that
no current is drawn. This results in a
very stable reference voltage and
lengthens the service life of the bat-
teries. The control function is per-
formed by several 6L6’s connected in
parallel. Six tubes can carry a load
current of 250 milliamperes and pre-
sent an internal impedance of only 2
ohms. The output voltage was found
to be influenced by small changes in
the heater voltage of the amplifier tube,
but independent of the heater voltage
of the control tube(s). A change in
temperature of the amplifier cathode
produces a corresponding change in the
velocity of the emitted electrons and
consequently in the magnitude of the
amplifier plate current. The amount of
compensation from heater voltage ac-
tion is a function of the amplifier
sereen-grid voltage, and the degree of
control by the cathode over the plate
current is greatest at low screen poten-
tials. The correct screen voltage for
maximum stability must be determined
experimentally.

When a change occurs in the heater
voltage, the change in the amplifiex
plate current produces a proportiona
change in the voltage across the gric
resistor of the control tube. This effec
produces an additional compensatio
for line-voltage changes. For a constan
heater voltage, an increase in line vol
tage of ten volts results in an increas
in output voltage of about 0.1 vol
With the line voltage to the stabilize
held constant and the potential of th
screen grid of the stabilizer set at 12
volts, an inerease of ten volts in ti
primary voltage of the heater tran
former results in a 0.1 volt decrea
in output voltage. With the high-vc
tage and heater transformers connect

(Continued on page 30)
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By SIDNEY WALD
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GUADRATURE NETWORKY

‘1B and C show well known 90 degree

Bendix Radio Div., Bendix Aviation Corp.

Design of a precision 90° phase shifting network
which may be built from noncritical components.

ANY occasions arise in the
Dlelectronics laboratory when it is

necessary to set up a phase-
splitter circuit to give a 90 degree phase
shift of one of the input voltages.

Normally this is accomplished either
by attempting to install precision cir-
cuit values in the apparatus or else by
using non-precision parts and adjust-
ing the components of the network until
a circle is obtained on an oscilloscope.
The first method is costly and not justi-
fied in low-cost equipment while the
second method is too inaccurate since
it is not possible to say with certainty
that the achieved pattern is perfectly
circular.

This article points out how an oscillo-
scope may become a useful device for
precision checking of quadrature net-
works. The concept depends on the fact
that a zero or 180 degree shift between
vertical and horizontal plates may be

Fig. 1.

(A) Typical quadrature network adjustment.
line. (B} and (C) Circuits for shifting phase 90°.
ments. (F) 90° network. (G) A precision 90° box. R =

recognized with good accuracy because
the pattern closes to a straight line.
With a good scope, phase deviations of
the order of 1% degree may be detected
in the deviation of the straight line
display.

If we were to introduce a precise 90
degree phase shift between the circuit
to be adjusted to quadrature conditions
and the scope, the resulting pattern
would be an inclined straight line when
the adjustment is correct. Fig. 1A
shows a typical application of this
technique. The requirement which is
difficult to fulfill is the accurate 90
degree fixed phase shifter particularly
because of the common ground found in
most circuits.

Many circuits have been proposed to
give a 90 .degree phase shift but un-
fortunately many are four terminal
devices and require a transformer when
a common ground is desired. Figs.

phase shifters.

The simplest and usually most desir-
able configuration for a phase shifter
is the RC arrangement of Figs. 1D
and 1E. The highest usable phase shift
obtainable from either of these circuits
depends upon the amplitude attenuation
which may be tolerated, being .707 at
45 degrees and approaching zero output
at 90 degrees.

Ordinarily it is undesirable to simply
cascade such circuits to obtain greater
phase shift than is possible with one
because of the loading effect of succes-
sive circuits on the previous ones. For
example, two 60 degree networks in
cascade give an over-all shift which is
considerably less than 120 degrees.

A special case arises when two 45
degree networks are cascaded, when the
loading effect of the second circuit on
the first vanishes. A simple analytical
proof is given here to substantiate this
statement.

Referring to Fig. 1F

e — I, (R — jX) — LR 1)
0 IR+ 1. (2R — jX) (2)
€: IzR (3'

Let X = R and substitute (3) in (1):

eo = LR (1 — j) — s (4)
(Confinued on page 31)

C or R is varied until pattern is a straight
(D) end (E) Simplest R-C phase shifting arrange-
- 1/27fC for 90° between input and output.
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Rear view of car with trunk
cover removed, showing
how the antenna is mounted.

FM broadecast station are to be de-
termined in accordance with the
methods prescribed in the “Standards
0f Good Engineering Practice Con-
cerning FM Broadcast Stations’’ of the
Federal Communications Commission.
These Standards state that FM broad-
cast stations shall determine the extent
of their 1 millivolt per meter and 50
microvolt per meter contours. It is fur-
ther stated that although some service
is provided by tropospheric wave, the
service area is considered to be only
that served by the ground wave. The
extent of the service is determined by
the point at which the ground wave is
no longer of sufficient intensity to pro-
vide satisfactory broadcast service.
The field intensity considered neces-
sary for service in city business or fac-
tory areas is 1 millivolt per meter
median field intensity and in rural
areas 50 microvolt per meter median
field intensity. A median field intensity
of 3 to 5 millivolts per meter should be
placed over the principal city to be
served and for class B stations, a me-
dian field intensity of 1 millivolt per
meter should be placed over the busi-
ness district of cities of 10,000 or
greater within the metropolitan district
served. A field intensity of 5 millivolts
per meter should be provided over the
main service area of a class B station.
This paper presents a discussion of

FIELD intensity contours of an

10

By HAROLD REED
Chiet Engineer, Station wWOoL

One method of making a fiel

d intensity survey

of an FM station to meet the FCC requirements.

the procedure employed in conducting
a field intensity survey, in accordance
with the FCC Standards, of a class B
FM station with effective radiated
power of 20 kilowatts. The transmitter
power output was 8.4 kilowatts. Trans-
mission line efficiency was 79%. The
antenna had a power gain of 3 with a
height of 410 feet above average terrain.

Measurements to determine the serv-
ice area of an FM broadcast station
must be made with mobile equipment of
a field intensity meter of proper fre-
quency range and calibrated against
recognized standards, a source of power
for this instrument, an antenna de-
signed for the frequency of the signal
to be measured, a graphic instrument
more popularly known as a recorder,
2 mobile recording assembly for driv-
ing the recorder from the speedometer
shaft of the field survey car, and mis-
cellaneous accessories for both the meas-
uring apparatus and the recorder. This
collection of equipment when properly
installed and operated provides for the
required continuous mobile recording
of the field intensity of the FM trans-
mitter in accordance with the FCC
regulations.

Several installation problems were
encountered in the process of setting
up this equipment, foremost of which
was in the mounting of the antenna on
the car. The most convenient vehicle
would be a light truck, or preferably
a station wagon because of its all
wooden body construction. These means
of transportation were unavailable to
the writer at the time this field survey
was undertaken. It was therefore nec-
essary to employ a passenger vehicle
which in this case was a 1941 Chevrolet
business coupe.

The FCC Standards specify that the

ENGINEERING DEPT.

receiving antenna be of a non-direc-
tional type and of the same polariza-
tion as the transmitting antenna. It
was found that a completely satisfac-
tory non-directional type of antenna
for this work was unavailable. Experi-
mental antennas have been constructed
for this purpose and several were found
to be fairly successful but none to the
writer’s knowledge proved to be entirely
satisfactory. The greatest handicap of
the non-directional antenna in the con-
ducting of these tests is the weak sig-
nal pickup it provides as the end of any
given transmitter radial is approached
Permission to employ a dipole antenna
was obtained from the Federal Commu-
nications Commission. This, of course
had to be continuously properly orientec
with respect to the transmitter as the
field car moved outward from the trans
mitter site in order to insure maxi:
mum signal pickup at all times it
the receiving antenna. This rotationa
provision further complicated matters
considering that it was necessary t
make the installation on a privatel
owned car with as little mutilation a
possible.

At first the logical support appeare
to be the front or rear bumper of th
car. However, it was decided the si1
gle support at the bottom of the antenn
mast was not sufficient for the 10 fo
pole and further the coupling drive f¢
orientation could not be easily effecte
Either side of the vehicle where tI
car radio whip antenna is usual
mounted did not seem to offer ar
greater possibilities and presented
further disadvantage by allowing o
half of the dipole to protrude outwa
from the car body with the hazard
striking high trucks, busses, trees, a
other obstacles encountered in trav
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Cutting a hole through the roof of the
car was out of the question.

The trunk in the rear proved to be
the answer. The lid of the trunk was
easily and quickly removed, being held
by 4 screws in the hinges and 4 screws
in the arms that hold the lid open. This
particular car contained a substantial
shelf in the trunk compartment upon
which a gear box with a 20 to 1 ratio,
purchased for a few dollars from a war
surplus distributor, was mounted. A
short length of 1% inch pipe was
screwed into a coupling which was
welded to the gear box, and a further
support for this pipe was attached to
the under side of the top of the trunk
compartment.

The dipole antenna which is supplied
with the field strength meter includes
2 poles with a tee coupling to obtain
either horizontal or vertical polariza-
tion. Using these 2 poles and coupling
resulted in a height above ground of
slightly less than the 10 feet the writer
wished to achieve, so a longer pole was
purchased from a local hardware store
and substituted for the lower section.
This 2 section mast could then be
slipped into the short section of 134
inch pipe on the gear box. A 1% inch
long machine screw was inserted

through the pipe and pole and a nut
attached. This screw protruded far
enough through the pipe to attach
thereto a direction indicator which was
made from a piece of copper tubing
with a nut soldered to one end and the
other end flattened to form a pointer
which was painted white so it could be
clearly seen through the rear window.
The antenna must necessarily be easily
and quickly removed because of low
hanging tree branches and wires which
may be encountered. In this case it was
only necessary to loosen the thumb
screw on the tee coupling and drop
the upper half of the mast. The antenna
arrangement may be seen in the photo-
graphs. The gear box is in the wooden
housing on the trunk shelf.

A flexible shaft such as used for
sanding discs, grinding wheels, etc. was
connected to the gear box by means of
the chuck on this shaft. The motor end
of the shaft was fastened inside the
car and a pulley was attached to which
was bolted a handle for turning the
antenna. The coaxial cable for the an-
tenna goes through a hole, along with
the fiexible shaft, at the front part of
the trunk compartment to the field
meter inside the car. This arrangement
resulted in a smoothly operating setup

and the gear box held the antenna
steady in any direction. It is necessary,
of course, to adjust the length of the
dipole for the frequency of the station.
This may be calculated, or it may be
ascertained from a curve supplied with
the equipment. Also one of the poles

§
}

Esterline-Angus recorder of the
type used to record field inten-
sity along the various radials.

Contour map of Washington, D, C. and vicinity showing measured and computed field intensities for Station WOL-FM.

AT . - B G T4 W
" FATAE - AV
y. i W I e
P e QAN
fom YRAPPAWAW i e
\ A WAl o C 13 ‘_'\_".‘ ){6_ 2
(3 X \ P

=
SET / -
- N ’

. X i o s 3 — i
- =] A= 7L
% o t{j’

f wsmT, 2. ¢, .

| LaR o
o =
BN secomong ',S Z.F::‘ = :\‘L'

NOVEMBER, 1949

ENGRINEERING DEPT.

11




N . O

T

Fig. 1. Radials which were followed in
making field intensity measurements.
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Fig. 2. Field intensity along ra-
dial B (Fig. 1) from Station WOL.

furnished has a scale engraved on it
which is directly calibrated in mega-
cycles.

Complete installation or removal of
all equipment could be effected by the
two engineers making the survey in
just 15 minutes, including the removal
or replacement of the trunk lid and

license plate which was attached by
two bolts with winged nuts to two
small angle brackets placed on the car
gravel plate.

The field intensity meter employed
for these measurements was an RCA
type WX-1A model made by the Clarke
Instrument Corp. This equipment is
furnished complete with two adjustable
dipole antennas, a two section antenna
mast with tee coupling for horizontal
or vertical polarization, an adjustable
tripod, coaxial antenna cable, and bat-
tery cable. Each half of the dipole may
be folded parallel with the mast for
easy adjustment and for transportation
when not in use. The instrument con-
tains a built-in vibrator power supply,
permitting the use of a 6-volt storage
battery as the power source. QOutput
jacks are provided for direct connec-
tion to a standard 5 milliampere or 1
milliampere type graphic recorder. It
also contains a built-in loudspeaker
and audio amplifier for monitoring
either AM or FM signals while meas-
urements are being made. The fre-
quency range of the meter is from
50 to 220 megacycles.

An Esterline-Angus graphic record-
ing instrument was employed to con-
tinuously record the intensity of the
transmitter output signal as the field
car traveled away from the station.
This instrument was a model AW.
d.c. milliammeter which is a 0-1 milli-
ampere recorder. It contains a spring
powered chart drive; however, for
this work it is more satisfactory
to operate the recorder from the
speedometer drive shaft of the car.
A photograph of the recorder with a
section of the chart of Radial A of
this survey on the instrument is pre-
sented through the courtesy of the
Esterline-Angus Co. A model 110
mobile recording assembly, manufac-
tured by the Clarke Instrument Corp.
and distributed by RCA was used to

Installations in the rear of the car include receiver and recorder.
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drive the recorder. This assembly con-
sists of a recorder drive, tee coupling
box, and the required drive shafts.

To install this assembly the drive
shaft is removed from the speedom-
eter of the car and attached to the tee
coupling box which was mounted on
the fire wall of the car under the dash
board. One of the drive shafts sup-
plied connects from the tee box to the
speedometer and the other one goes
from the tee to the recorder drive
which is mounted on the case of the
graphic instrument. When this appa-
ratus is properly installed it provides
the necessary drive for the recorder
chart and the chart speed with this
assembly is 4 inches per mile. The re-
corder drive can be disengaged from
the recorder by turning a knob on the
side of the case. This is convenient
when it is found necessary to back
track on a radial run or when back-
ing the car.

Sponge rubber pads were used in
mounting the field meter and recorder
between the car seats and wall of the
trunk compartment. The flexible shaft
for orienting the antenna was fast-
ened to this wall. Winged nuts were
used to secure all