JULY, 1950

Copyright, 1950, G I Radio C Mass., U. 5. A,

A BOLOMETER BRIDGE
FOR THE MEASUREMENT OF POWER
AT HIGH FREQUENCIES

I. Introduction

® In the u-h-f region, power measurements are of fundamental im-
portance. While, at lower frequencies, eurrent or voltage is generally
measured in preference to power, at ultra-high-frequencies most prac-
tical devices for the measurement of these quantities are relatively
large with respect to a wavelength, and their accuracy is impaired by
the effects of resonance and standing waves. Power measurements,
however, ean be made with good aceuracy at high frequencies by dis-
sipating the power in a bolometer, which is a resistive element, with a
large temperature coefficient of resistance. The magnitude of the r-f
power can be determined either from the measured change in resistance
or from the change in bias power required to bring the bolometer re-
sistance back to its original value with no r-f power applied,

The two most generally
used types of bolometer
elements are the ther-
mistorand thefuse or bar-
retter. A thermistor has
a large negative temper-
ature coefficient and con-
sists of a small bead of
semi-condueting material
in which are embedded
two fine wires. The fuse

Figure 1. Panel view of the Type

1651-A Bolometer Bridge, with

Type 874-H25 Thermistor Unit in
left foreground.
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or barretter is usually a short length of
very fine platinum wire connected be-
tween two electrodes.

The change in bolometer resistance
resulting from power dissipation is usu-
ally measured with a low-frequency or
d-¢ bridge. The Tyer 1651-A Bolometer
Bridge is designed for this measurement.
It is u general-purpose bridge, flexible
and adaptable in operation so that it
can be used not only with General Radio
bolometers,' but with those of other man-
ufacturers as well. A wide range of
bolometer resistances can be accommo-
dated, and measurements can be made
by either a substitution or a direct-
reading method,

In the substitution method, d-¢ power
is substituted directly for r-f power. All
readings are made after the final balance,
and the measured power is a simple prod-
unet of dial and meter readings. The
direct-reading method depends upon the
change in bolometer resistance with
power, and in this method the meter is
ealibrated at one point by substitution,
after which other power levels can be
read directly from the meter.

Il. Circuit

The heart of the Tyee 1651-A Bolom-
eter Bridge is the Wheatstone Bridge
of Figure 2, in which the bolometer
element forms one arm. To measure
power with this circuit by the substitu-
tion method, the bridge is first balanced
ﬁu S74-HI" Fuse Bolometer snd Tyres 874-H25

and <H100 Thermistor Units were designed for use with
this bridge.

Figure 2. Basic bridge circult for power measurement.
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with the r-f power applied to the bolom-
eter element. The balance is obtained
by adjusting the applied d-¢ voltage un-
til the bolometer element is heated to a
temperature at which its resistance is
the value required for a balance, At
balance, the total power, ), dissipated
in the bolometer element is

Pi=I1Rp+ Py (1
where I; is the d-¢ current flowing
through the bolometer element, Ry is
the bolometer resistance at balanee,
and P, is the r-f power being di'%sip.'].t-
ed in the element.

The r-f power is then removed and the
bridge rebalanced by increasing the ap-
plied d-¢ voltage, V. The total power
dissipated in the bolometer after this
balance is

=I:*Ry (2)

Since the same bolometer resistance
ig required for both balances, the total
power dissipated in the bolometer must
be the same, therefore

Pi=P, (3)
Consequently the r-f power is equal to
the difference in d-c power hetween the
final and initial balances, or

p”,=12238_11‘-!”ﬂ=

2 I\?
anfi (o

With this basie cireuit the r-f power
can be determined from a knowledge of
the d-¢ current flowing through the
bolometer during the initial and final
balances and the bolometer resistance
at balance.

Figure 3. Modified basic circuit.
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In order to simplify the measurement
and make the bridge more flexible, the
actual circuit used in the Type 1651-A
Bolometer Bridge is the modified circuit
shown in Figure 3. Here the bolometer
resistance required for balance can be
varied over an appreciable range by
means of the potentiometer that re-
places the fixed resistors R, and K, in
the simple eireuit. The potentiometer is
calibrated in terms of the holometer re-
sistance required for balance, and the
bridge is thus adaptable to use with
bolometer elements having widely vary-
g charaeteristics. The supply voltage
for the initial balance is fixed at V,, V,
being set to zero, and the initial current
adjustment is made by means of the
potentiometer indicated. The final bal-
ance 18 made hy means of V.. Since the
total circuit resistanee is the same for
the initial and final balances, the ratio
of the initial and final bolometer cur-
rents is

iR\ v,

f a l"., - ]"1.
independent of the setting of the ini-
tisl current adjustment. The V', control
can therefore be calibrated in terms of

11— (%) ., which is ealled the K factor,
and, from Equation (4),

Py= KIS Ry (6)

The voltage control, V7, is a Variac

connected ahead of the rectifier that

supplies the bridge with d-¢, as shown

(5)
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in Figure 4. The Vanae dial is ealibrated
in terms of the factor K. A voltage
stabilizer is used ahead of the Variae to
minimize the effects of line voltage
variations.

The same meter used to measure the
degree of bridge unbalance is also uged
to measure the bolometer current. In
order to minimize the effects of the
temperature coefficient of the meter
winding on the accuracy of the current
measurement, a large resistor is con-
nected in series with the meter, and the
current is measured by measuring the
voltage drop across taps on the fixed
resistance arm of the bridge. The meter
has a current-squared seale and a multi-
plier to permit direet accurate measure-
ments of I.* over a wide range of current.
The current-squared scale is labeled A
and the multiplier M; therefore, [, =
M A and the magnitude of the r-f power
is

P, = MARK milliwatts  (7)
In this type of bridge all quantities are
measured after the final balanee has
been made and after the r-f power has
been removed, which eliminates errors
due to changes in the r-f power level
while readings are being taken and, by
permitting the dial and meter measure-
ments to be made slowly and carefully,
tends to improve the aceuracy of these
readings.

The actual operating procedure is
simple. The resistance dial is set to the
desired bolometer resistance, the K dial

Figure 4. Schematic of complete circuit used in Type 1651-A Bolometer Bridge.
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to zero, r-f power is applied to the bolom-
eter, and the bolometer current adjusted
for balance. The r-f power is then re-
moved and the bridge rebalanced by
means of the K dial. The r-f power is
then the simple product MARK as read
from the bridge dials and meter,

The circuit is also adaptable to di-
rect-reading measurements of r-f power,
but with somewhat less accuracy than is
obtainable using the substitution meth-
od. It is convenient when a large number
of measurements are to be made at
power levels not too greatly different
from one another. The direct-reading
method depends upon the variation in
resistance of the bolometer element with
r-f power causing an unbalance indica-
tion on the meter. The meter indication
i8 closely proportional to the r-f power
from zero up to a power level which
depends on the type of bolometer ele-
ment used and the initial bolometer re-
sistance setting. Tn general, the linear
range extends up to power levels of from
10 to 100 milliwatts with less than 107,
deviation from linearity. In the direct-
reading method, the meter sensitivity is
adjusted to read directly in milliwatts
after calibration by the substitution
method. The initial calibration pro-
cedure is more complicated than a single
measurement by the substitution meth-
od, and in some cases the change in
bolometer resistance with r-f power level
may have an appreciable effect on the
impedance match. Operating procedures
for both methods are summarized on an
instruction card mounted on the panel
of the bridge,

The bridge is adaptable to a large
variety of bolometer elements for both
direet and substitution measurements.
Bolometer resistances between 25 and
400 ohms and bolometer currents up to
100 ma can be accommodated,

Il Accuracy

The aceuracy with which the bolom-
eter bridge can measure the change in
power dissipated in a bolometer element
is eontrolled by the accuracy of the de-
termination of the various factors in-
volved in the caleulation of the power.
The accuracy of the meter is the most
important factor, because the square of
the current is used in the caleulations,
which means the error in power deter-
mination is twice the meter error. The
accuracy of the meter on the linear
scales is 4 (1149, of the reading + 4%,
of full scale). At full scale this means the
meter may contribute as much as 4%,
error in the power measured. At one-
third of full scale the maximum possible
error due to the meter may be as great
as +6%. A range switch is provided to
keep the meter readings above 2§ of
full seale for currents above 3 milli-
amperes. The K dial calibration is
accurate to +(19 of the reading +
.005) and the bolometer resistance can
be determined with an accuracy of
better than =195, The over-all accuracy
obtainable in a particular measurement
depends on the magnitude of the bolom-
eter current and the magnitude of the K
dial reading. However, accuracies of bet-
ter than +109% can easily be obtained
using thesubstitution method if themeas-
ured power is not too small. This com-
paresfavorably with theover-allaccuracy
obtainable with a self-balancing bridge,
whose accuracy is usually expressed as
a percentage of full-scale reading.

For direct-reading measurements the
accuracy is somewhat poorer, as the
meter must be calibrated using the sub-
stitution method, and the meter reading
is not exactly a linear funetion of the
power variation. Accuracies of better
than 4209, however, are easily obtain-
able using the direct-reading method.

ww.ietlabs.com

)
IET IET LABS, INC inthe GenRad tradition .
534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959  (800) 899-8438 * FAX: (516) 334-5988



-

IV. Bolometer Elements

In addition to the Type 874-HF Fuse
Bolometer Holder and the Tvypr 874-
H25 and H100 Thermistor Units, which
were designed for use with the bolometer
bridge, any other unit which is capable
of operating within the resistance and
current ranges of the bolometer bridge
can be used. The power measurement
ranges of the fuse bolometer and ther-
mistor overlap one another. The ther-
mistor units have a lower standing-wave
ratio, are more rugged, and will measure
somewhat lower powers than will the
fuse elements, while the fuse elements
are cheap and will measure higher pow-
ers than will the thermistor units. The
fuse elements are limited in their fre-
quency range by errors caused by stand-
ing waves on the fuse wire. Above about
1000 Me these errors become signifieant.
Thermistors can be used up to frequen-
cies beyond the usable range of the
coaxial connectors and components as
they are physically very small. Both the
fuse elements and the thermistor units
can be used at frequencies as low as
5 Me,

Figure 5. Power-measurement
ranges of Fuse and Thermistor Bo-
lometers and the Bolometer Bridge,
by substitution method, as a fune-
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The Typr 87T4-HI" Tuse Bolometer
Holder is designed to mount 14 x I-inch
instrument fuses. Two types of fuses,
the type MJR Msz-ampere and type
MJR Ys-ampere, are supplied which
are capable of measuring a wide range of
power at the 50-ohm level; however,
practically any fuse of the AGX type
can be used if desired, although with
some sizes it is not possible to obtain a
balance at the 50-ohm level.

The Tyre 874-H25 and 100 Ther-
mistor Units are similar to one another
except for a difference in the power
handling capacity of the thermistor. The
maximum ratings of the Tyer 874-1125
and Tyer 874-T1100 are 25 and 100
milliwatts, respectively.

The actual power measurement ranges
of the fuse and thermistor elements as a
function of their initial resistance for
measurements by the substitution meth-
od are shown in Figure 5. Figures 6 and
7 show the power required for full-scale
meter deflection with maximum meter
sensitivity and the maximum measur-
able power for less than 109 deviation
from linearity as a funetion of bolom-
eter resistance, for measurements by
the direct-reading method.

tion of bolometer resistance. Mini-

mum defectable power in milliwatts

is indicated by the bers at the
ends of each curve,

Figure 6. Sensitivity and power-

measurement ronges of the Ther-

mistor Units and Bolometer Bridge,
for the direct-reading method.
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line is not required, as the transformer
is adjusted for the maximum indieation
on the holometer bridge.
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V. Applications
The Tyrr 1651-A Bolometer Bridge
can be used for all measurements of
power in the medium power range over
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Figure B. Standing-wave ratio os o function of fre-
quency of the Fuse Bolometer and Thermistor Units,

Figure 8 shows the standing-wave
ratio as a funetion of frequency for the
various elements. At the higher frequen-
cies it is necessary to use a matching
transformer between the source and the
bolometer when the power into a line
ferminated in its characteristic imped-
ance is desired. A matching transformer
can be easily assembled using Tyre 874
Coaxial Elements™ as indicated in the
block diagram of Figure 9. To match
the bolometer to the line, the matehing
transformer is adjusted until the slotted
ling indieates the absence of any re-
flected energy. When the power output
of an oseillator into a matched load is to
be measured, a transformer made up to
Tyre 874 components can be used to
transform the bolometer impedance into
the conjugate of the oscillator output
impedance. In this application a slotted
-T“T-R. Thurston, "Slml}ale. Complete Coaxinl Measur-

ing Equipment for the U-H-F Range,"” General Radio
Experimenter, Vol. XXIV, No. 8, January, 1950,

a frequency range dependent on the
characteristics of the holometer element
used. High power measurement can be
made by using dissipative attenuators
or directional couplers to transmit only
a known fraction of the r-f power to the
bolometer element.

Typical measurements are the power
output of oscillators, loss measurements,
the static characteristic of bolometers,
and the calibration of voltmeters. Volt-
meters can be ealibrated using the ecir-
cuit of Figure 9 with the voltmeter
connected between the slotted line and
the source. When no standing waves are
present, the voltage is constant all along
the line and its magnitude can be calcu-
lated from the measured power and the
characteristic impedance of the line.
Figure 10 shows the results of a calibra-
tion made of the Tyen 874-VR Volt-
meter Reetifier over a wide frequency
range. The rise in indicated voltage is a
result of resonance in the crystal and the
theoretical slope is indicated by the solid
line.

The Tyere 1651-A Bolometer Bridge
ig a general-purpose power-measuring

Figure 9. Diagram of o voltmeter caolibration circuit with malching tronsformer assembled from Type B74.D50
Adjustable Stub and the Type B74-CA Adjustable Line,
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instrument designed for maximum util-
ity and adaptability in the u-h-f labora-
tory. Since funing systems and trans-
formers are easily assembled from the
extensive line of Tyre 874 Coaxial Ele-
ments already available in many labora-
tories, expensive specialized accessories
are not necessary, In the educational
laboratory, in addition to demonstrating
a variety of power measurement prob-
lems, the bridge can be used for eali-
brating bolometers and demonstrating
their change in resistance with current.
In commercial and industrial labora-
tories, its flexibility permits operation
with many different types and makes
of bolometers, and it can be adapted for
use with existing equipment of different

manufacturers.
— R. A. SODERMAN
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Figure 10. Departure from unity of the ratic of actual
to indicated voltage as o function of frequency for
Type 874-VR Voltmeter Rectifier, measured with the
circvit of Figure 9. The solid line indicates the theo-
retical slope as determined by the equation.

SPECIFICATIONS

Range and Accuracy — Substitution Method
With Type 874-H25 Thermistor Unit

Thermistor resistance set for max. sensitivity
Thermistor resistance set at 50 ohms ol

With Tyee 874-H100 Thermistor Unit

,,,,, 0to 6 mw (109 + 0.05 mw)

............. 0 to 18 mw £(10% + 0.12 mw)

Thermistor resistance set for max. sensitivity . ...........0 to 20 mw (109 + 0.15 mw)

Thermistor resistance set at 50 ohms . . . . ..

............. 0to 70mw (107 + 0.5 mw)

With Tyre 874-HF Fuse Bolometer Holder, MIR !5a-ampere fuse

Fuse resistance set for max. sensitivity. . ...
Fuse resistance set at 50 ohms. . ..........
Fuse resistance set for max. power range. . .
With Tyee 874-HF Fuse Bolometer Holder, MJR 1
Fuse resistance set for max. sensitivity . ...
Fuse resistance set at 50 ohms, . ........ ..
Fuse resistance set for max. power range. . .

Bolometer Resistance Range: 25 to 400 ohms.
Current Range: () to 100 milliamperes.
Power Supply: 105 — 125 volts, 60 cycles.

............. Dto S mw =(10% + 0.1 mw)
....... vew oGO0 t0 14 mw (109 +-0.15 mw)
........ vees 0 te B0 mw £(10% + 0.3 mw)

12
........... 0to 20 mw (109 + 0.5 mw)

,,,,,,,,,,, 0 to 100 mw == (109, 4+ 0.75 mw)
............. 0 to 500 mw £(109% +3 mw)

Accassories Supplied: One CAP-35 Power Cord,
one Tyee 274-NE Shielded Connector.

Accessories Required: lolometer element. Tyrus

Figure 11, View of the equipment shown in the diogram of Figure 9.
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874-H25 and 874-H100 Thermistor Units, and
Tyre 8T4-HF TFuse Bolometer Holder are rec-
ommended.

Dimensions: (Hei afht) 12 x (width) 12 x (depth)
834 inches over
N-! Weight: 21 pounds.

Type Code Word Price
1651-A BolometerBridge . . . . . . . . . . . . . BEGIN $325.00
874-HF P BOlnalr ™, o e e ey e R COAXHOLDER 34.00
874-H25 Thormistor Unlt . . . < . v s o s s v v 0 v COAXWARMER 40.00
874-H100 Thermistor Unit . . . . . . . . . o 0 0w i s COAXHBATER 40.00
B74-HFP1 Replacement Fuse Assortment | . . . . . . . . FUBOR 2.50
874-HP25 Replacement Tharmistor for Type B74-H25 , | THERM 9.00
874-HP100 Replacement Thermistor for Type B74-H100 . CALDO 9.00

*Includes one Tyre 874-HFP1 Fuse Assortment.

tCousints of five MJR 1/12-ampere fuses and five MJR 1/32-ampere fuses.

MISCELLANY

SPEAKER —Doxarp B. Sincratr, Chief
Engineer, General Radio Company,
spoke at the Annual Dinner of Dayton
Section, I.R.E., on May 18. His subject:
“The Engineer and His Professional
Society.”

ELECTED — Kirring Avpams, Manager
of the General Radio Chicago Office,
as Chairman of the Chicago Section,
I.R.E., for 1950-51,

RECENT VISITORS to General Radio
—J. M. Van Steeden, Hulsewe Ingen-
ieursbureau, Amsterdam, Netherlands;
Roger Goublin, Compagnie Frangaise
Thomson - Houston, Gennevilliers,
France; and Bjorn Lundvall, Telefonak-
tiebolaget I. M. Eriesson, Stockholm,
Sweden.

CREDITS—The Type1651-A Bolometer
Bridge, deseribed in the article by R. A.
Soderman, was developed by W. R.
Thurston.

The Tyre 1534-A Polariscope, de-
seribed in last month's issue, was the

outgrowth of a Master's thesis by
Jordan Baruch of M. I. T., at that
time a cooperative student at our
plant. Baruch's investigation and ex-
perimental model provided the basis
for the final design, which was ex-
ecuted by Gilbert Smiley. Baruch's
advisors in his thesis work were Pro-
fessor H. E. Edgerton of the Electri-
cal Engineering Department and Pro-
fessor W. M. Murray of the Mechanical
Engineering Department, M. I. T.

VACATION — During the weeks of
July 24 and July 31 most of our em-
ployees will be vacationing. Manufac-
furing departments will be closed and
other departments will be manned by a
skeleton staff. Every effort will be made
to take care of urgent business, but re-
pairs cannot be made, except in hard-
ship cases. Our Service Department re-
quests that shipments of material to be
repaired be either seheduled to reach us
well before this vacation period or de-
layed until afterward.

S ——

GENERAL RADIO COMPANY
215 MASSACHUSETTS AVENUE

CAMBRIDGE 39

MASSACHUSETTS

TELEPHONE: TRowbridge E-4400

BRANCH ENGINEERING OFFICES

NEW YORK 6, NEW YORK
90 WEST STREET
TEL.—WOrth 2-5837
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LOS ANGELES 38, CALIFORNIA
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TEL.—HOllywood 3-6201

CHICAGO §, ILLINOIS
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TEL.—WAbash 2-3820
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