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A BOLOMETER BRIDGE 
FOR THE MEASUREMENT OF POWER 

AT HIGH FREQUENCIES 

I. Introduction 
• In the u-h-f r gion, power m a urements are of fundamental im­

portance. While, at lower frequencies, current or voltag is generally 
mea ured in preference to power, at ultra-high-frequencies most prac­

tical devi es for the measurem nt of th se quantities are relatively 
large with r spect to a\ avelength, and their accuracy is impair d by 
the effects of re onance and standing wa . Power mea urements, 

however, can be made ·with good accuracy at high frequencies by dis-

ipating the p w r in a bolome er, which is a resistive elem nt with a 

large temperature coefficient of re istance. The magnitude of the r-f 

power can be determined either from th m asured change in resi tance 
or from the change in bia power required to bring the bolometer re­

si tance back to its original value with no r-f power applied. 

The two most generally 
used types of bolomet r 

elem en ts are the th r­

mistor and the fuse or bar­
retter. A thermistor has 

a large negativ temper­

ature coefficient and con­
sists of a small bead of 

emi-conducting material 

in which are e1nbedded 
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 u ually a shor I gth of 
v ry fin pla inum wire c nnec d b -
twe n two electrod 

The h nge in lorn ter r i tanc 
re ulting from power dissipation i usu­
ally m asured with a low-frequency or 
d- bridg . The YPE 1651-A Bolom ter 
Bridg i d signed for hi m a ure ent. 

t i a general-purpo e bridge, fl xible 
and adaptable in op ration o that it 
can be u ed not onl with en ral Radio 
bolometer",1 but with tho e of other man­
ufacturer as well. A wide range f 
bolomet r re i tance an b accommo­
dated, and mea uremen s can be made 
by either a ubs itution or a dir t­
r ading m tho . 

In th ub itu i n thod, d- power 
i substituted ir tly for r-f pow r. All 
reading are ma after th final balan 
and the m asur d power is imple prod­
uct of dial and met r r ading . The 
direct-reading method d pends upon the 
chang in bol m ter re istan e with 
power, and in this method the met r is 
calibrated a one poin by substitu ion, 
after which o her power levels can be 
read dir tly from the meter. 

II. Circuit 

The heart of h TYPE 651- B lom­
eter Bridge is the Wh a tone Bridge 
of Figure 2, in which the bolom t r 
elem nt forms one arm. To mea r 
power with thi ircuit by he substitu­
tion method, the bridge is fir t balanced 

ITYPE 74-HF Fu e Bolom t r and TYPE 74-H25 
and -HlOO Therm..i t r ni wer d igned f r use ith 
thi bridge. 

figure 2. Basic bridge circuit for power measurement. 

Ro 

K DIAL 

with he r-f pov er appli d t 
t r 1 m n . The balance 

by adju ting th applied d­
·il the bolom ter 1 men i 

2 

he bol in­

is obtained 
voltage un­
h ated to a 

t mperature a whi h its r istan i 
the value required for a balanc . At 
balance, the total power, Pi, sipat d 
in"'the bolometer element is -

Pi =I12RB +Pr-I (1) 

where I 1 i the d-c current flowing 
through the bolom ter el m nt, RB i 
th bolomet r r i tan e at balan 
and r-f i the r-f pow r being di ipat-

d in the el m nt. 
The r-f power i th n , moved and t l. 

bridg re alanced by increa ing th ap­
pli d d-c oltag V. The o al pow r 
dissi pa ed in h b I m ter after this 
bal nee is 

P2=I22RB (2) 
1nce h ame b lorn t r r s1 tan 

is requir d f r both balanc s, th t tal 
p w r dis ipated in the bolom t r mu t 
b th sam , ther for P1=P2 (3) 

n qu ntly the r-f power is qual to 
h differ n e in -c po r b t' een th 

final and initial balan r 

Pr-1=I22Rn-I12RB= 

IlRn[ 1-(�:)2](4) 
With thi ba ic cir it th r-f pow r 

an be determin d fr m a knowledge f 

the d-c curren flowing through th 
bolo et r during the ini ial and final 
balan an th bolom ter r istanc 
at balanc . 

Figure 3. Modified bosic circuit. 

INI TrAL 
CURRENT 
ADJUSTMENT 
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In order to sim lify the in asurement 
and mal e the bridge mor fl xibl , the 
actual cir uit u ed in th TYPE 1651-A 
Bolome er Bridg is th modified circui 
shown in Figure 3. I-Iere the b lomet r 

r quir d for balance can be 
varied o r an appre ia le range y 
means of the poten iome r tha re­
place the fixed resistors Rd and Rd in 
the imple circui . The otentiometer i 

alibra d in terms of he bolomet r re­
i tance required for balan , and the 

bridge is thus adaptabl to use with 
bolometer element having ' i ely vary­
ing characteri ti s. The supply voltage 
for the ini ial balance is fix d at V0, Vk 
bei g set to zero, and the initial current 
adjustm nt is made by means of the 
poten i meter indi a ed. Th final bal­
ance i made by mean of Vk. ince he 
total circuit r i anc i th same for 
the initial and final balan es, the ratio 
of the in1 ial •and final 

�.
b 1 me er ur­

ren i 
Ii Vo 
I2 lo+ lk (5) 

in p nd t of h of he ini-
tial curr nt adju k control 
can ther fore b alibrat d in term of 

1 - (�:)2
, whi h i call d th K fac r, 

and, from Equa ion (4), 

Pr-1= KI22Rs (6) 
The voltage con rol, ki is a Variac 
nn d ahead of th r c ifi r hat 

upplie the bridge wi h d-c, as sh "\ n 

JULY, 1950 

in igure 4. Th V aria dial i ali ra d 
in t rm of the fa tor K. voltage 
sta ilizer is u d ah ad f h V ariac o 
minimize th ff ct of lin vol tag 
variati ns. 

Th sam m r u to m asure he 
d gr of bridge unbalan e i also used 
to m asur th bolom r urr n . I 
ord r to minimiz th e:ff ect of he 
tempera ure oefficient f th m t r 
' in ing on th ac ura y of the current 
mea urement, a large resi tor i n­
nected in s ri s with he met r, and th 
current i m a ured by mea uring th 
voltag drop aero s aps on the fixed 
r i an e arm of th bridge. The meter 
ha a curr n - quar d scale and a mul i­
plier o rmi dir t a ura te m a ure­
men t of I22 over a wid range of urr nt. 
Th curr n -squar d scale is la 1 d A 
and th multiplier M; herefor , I22 = 

MA and th magnit f th r-f pow r 
l 

r-1= MARK milliwatt (7) 
In thi t p f bridg all quanti i ar 
m a ured aft r th final balan e has 
been made and af r the r-f pow r h 

\Yhi ·h liminat error 
r-f p wer I v 1 

r adino- ar in tak n and, by 
permi ing the dial and me r m a ur -
ment o be mad 1 l and ar full , 
t nd to improve the accuracy of hese 
r adings. 

Th actual op ra ing proc dure i 
simple. The re istan e dial is s t to the 
de ir d b lometer re istance, 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. 

he 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 
is 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. In general, the linear 
range extends up to power levels of from 
10 to 100 milliwatts with less than 10% 
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 ini ial 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 method are summarized on an 
instruction card mounted on the panel 
of the bridge. 

he bridge is adaptable to a larg 
variety of bolometer elements for both 
direct and substitution measurements. 
Bolometer resistances between 25 and 
400 ohms and bolome er currents up to 
100 ma can be accommodated. 

4 

Ill. Accuracy 

The accuracy with which the bolom­
eter bridge can measure the change in 
power dissipated in a bolometer element 
is controlled by the accuracy of the de­
termination of the various factors in­
volved in the calculation of the power. 
The accuracy of the meter is the most 
important factor, because the square of 
the current is used in the calcula ions, 
which means the error in power deter­
mination is twice the meter error. The 
accuracy of the meter on the linear 
scales is ± (1>-2% of the reading + Y2% 
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 � of 
full scale for currents above 3 milli­
amperes. The K dial calibration i 
accurate to ± (1 % of the reading + 
.005) and the bolometer resistance can 
be determined with an accuracy of 
b tter than ± 13 . The over-all accuracy 
obtainable in a particular measuremen 
depends on the magnitude of he bolom-

ter current and the magnitude of the/'( 
dial reading. I-Iowever, accuracies of bet­
ter than ± 10% can easily b obtain d 
usingthe substitution method if themeas­
ured power is not too small. This com­
paresfavorably with the over-all accurac 
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 lin ar function of the 
power varia ion. c uracies of better 
than ±20%, however, are easily obtain­
able using the direct-r ading method. 
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IV. Bolometer Elements 

In addition to the TYPE 874- use 
Bolometer Holder and the TYPE 87 4-
H25 and HlOO Thermistor nits, which 
were designed for use with th bolometer 
bridge, any o her unit which i capabl 
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 ov rlap 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 Mc these errors become significant. 
Thermi tor an be used up to frequen­
cies beyond the usabl range of the 
coaxial connectors and components as 
they are physically very small. Both the 
fu element and the th rmi tor units 
can be used at frequencies as low as 
5 1c. 

JULY, 1950 

The T PE 87 4-HF Fuse Bolometer 
older is de igned to mount � x 1-inch 

instrument fuse . Two typ s of fuse , 
the ype MJR 3-12-ampere and ype 
MJR >1'2-amp r , are supplied which 
ar capable of measuring a wid rang of 
power at the 50-ohm level; however, 
practically any fuse of the AGX type 
can be used if desir d, although with 
some sizes it is not possible to obtain a 
balance at the 50-ohm level. 

The TYPE 874-H25 and HlOO The·­
mistor Units are similar to one another 
except for a difference in the power 
handling capacity of th thermistor. The 
maximum rating of the TYPE 874-H25 
and TYPE 874-HlOO are 25 and 100 
milliwatts, r spectively. 

The actual power mea ur m nt rang s 
of the fuse and thermistor elements a a 
function of their initial resistance for 
measureme t by the ub titu ion m th­
od are shown in Figur 5. Figur s 6 and 
7 show the power required for full-scale 
met r deflection with ma imum meter 

n itivi y and th ma jmum m a ir­
able power for le s than 10 devia ion 
from lineari y a a func ion of bolom­
eter resi an e, for m a ur m nts by 
the direct-r ading method. Figure 5. Power-measurement 

ranges of Fuse and Thermistor Bo­
lometers and the Bolometer Bridge, 
by substitution method, as a func­
tion of bolometer resistance. Mini­
mum detectable power in milliwatts 
is indicated by the numbers at the 

Figure 6. Sensitivity and power­
measurement ranges of the Ther­
mistor Units and Bolometer Bridge, 

Figure 7. Sensitivity and power­
measurement ranges of the Fuse 
Bolometer and fuses as indicated, 

ends of each curve. for the direct-reading method. 
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figure 8. Standing-wave ratio as a function of fre­
quency of the Fuse Bolometer and Thermistor Units. 

Figure how the standing-wave 
ra io a a func ion of fr qu y for h 

ariou t th hiO'h r frequ n-
ci it is necessary to u e a matching 

ran f rmer b tw en he our and h 
b 1 m ter when the pm er into a lin 
terminated in it ch rac ri ti imp d­
an e i de ired. matching transf armer 
can b asily as embl du ing TYPE 7 

a, ial l m nt 2 a indi at d in the 
blocl 9. T ma h 

h 

r -

nerg power output 
of an ill or 1n a ma h d load i 
b m a ured, a tran f Orm.er made up o 

YPE 74 ompon n s can be used t 
tran f rm he bolom t r impedanc into 
the conjugate of the o illator utpu 
imp danc . In thi applica ion a lo t d 

2w. R. Thur ton, " im.ple, Complete Coaxial I a ur­
ing Equipment for th U-H-F Range," General Radio 
Exp rimenter, Vol. XXIV, o. , January, 1950. 

lin is not r quir d, as the transform r 

is adju ed f r th maximum in icati n 
n h b 1 m r bridge. 

V. Applications 

Th T PE 1651- Bolometer Bridge 
can be u ed for all m a ur m nt of 
p w r in the dium pm er rang over 
a frequency rang dep ndent on th 

hara eri ic of th bolom t r I m n 
u d. I-:Iigh p w r measur m n an b 
mad by u ing di ipa ive att nuators 
or dir ctional oupl rs to tran mi - only 
a ] nown frac ion of th r-f p w r o th 
b lorn t r 1 m nt. 

ypi al mea ur ment ar h 
ou put of o cillator , los 
th tatic charac eris ic 

he cali ra io of v 1 meter . 
m - r can be alibrated using th ir­
cu1 of Figure 9 with e voltmeter 
c nnect b w n th lotted line and 

the ource. Wh n n s anding wav s ar 
pre nt, the voltag i on tan all al ng 

he line and i - rnao·ni ud can be al u-

la d fr m th po r and th 
he:: ra teri of th - lin _ 

Figur 10 of al"bra-

tion mad T PE 74- R \ olt-
rne r R ifier o r a ' ide fr 

ran · . Th ri in indi ated oltag i a 
re ult of re onan in he rys al and h 
th oretical lope is i dica ed by th olid 
lin . 

The TYPE 1 5 1- Bolorne er Bri g 
I a g neral-purpo e power-m a ur1ng 

Figure 9. Diagram of a voltmeter calibration circuit with matching transformer assembled from Type 874-050 
Adjustable Stub and the Type 87 4-CA Adjustable Line. 

STUB 
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974- 050 
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SLOTTED LINE LINE STRETCHER 
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BOLOMETER 

BRIDGE 

STUB 
TYP E 

874-020 
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TYPE 1231-B 
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instrument designed for maximum util­
ity and adaptability in th u-h-f labora­
tory. Since tuning s stems and tran -

formers ar easily assembled from the 
exten i e line of TYPE 87 4 oaxial Ele­
m n already available in many labora­
tori xp nsi e p cializ d a c sori s 

are not necessary. In th educational 
laboratory, in addition to dem nstrating 

a variety of power mea urem n prob­

lems, the bridge can be u ed for cali­
brating bolometers and demonstrating 
their change in re i tance with curr nt. 

In commercial and industrial labora­
tories, its flexibili y permits operation 
with many different types and makes 
of bolometers, and it can be adapted for 
use with existing equipment of differen 
manufacturers. 

- R. A. SODERMAN 
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Figure 10. Departure from unity of the ratio of actual 
to indicated voltage as a function of frequency for 
Type 87 4-VR Voltmeter Rectifier, measured with the 
circuit of Figure 9. The solid line indicates the theo-

retical slope as determined by the equation. 

SPE CIFI CATIONS 
Range and Accurocy - Substitution Method 

With TYPE 874-H25 Thermistor Unit 
Thermistor resistance set for max. ensitivity ............ 0 to 6 mw ±(10% + 0.0 5 mw) 
Thermistor resistance set at 50 ohms . . . . . .. ... . . . . . . . .. 0 to 1 mw ±(10% + 0.12 mw) 

With T PE 874-HlOO Thermistor Unit 
Thermistor resi tanc set for max . sensitivity ............ 0 to 20 row ±(10 + .15 mw) 
Thermistor resi tance set at 50 ohms ... . . .. _ . . . . . . . . .. . 0 t 70 mw ± ( 10 0 + 0.5 row) 

With YPE 874-HF ;use Bolometer Holder, MJR ;!,-� rampere fu. e 
Fuse resistance set for max. sensitivity .................. 0 t mw ± (10 + 0. mw) 
•use resistance set at 50 ohms ...................... .. 0 to 14 mw ±(10 0 + 0.15 mv) 
•use resistance set f r max. p wer rar ge . . .. . . .. ... . .... 0 to 50 row ±(10 + 0.3 mw) 

With T PE 874-HF Fuse Bolometer Hold r, MJR Yirampere fu e 
Fuse re istance et for max. sensitivity ................. 0 to 20 mw ± (10% + 0.5 mw) 
Fuse resi tance et at 50 ohms ..... . .. . .. . . . . . . . . .. . .. . 0 to 100 mw ±(10 0 + 0.75 mw) 
Fuse resistance set for max. power range ................ 0 to 500 mw ± (10 0 + 3 mw) 

Bolometer Resistance Range: 25 to 400 ohms. Accessories Supplied: On C P-35 Power Cord, 
Current Range: 0 to 100 milliampere . one TYPE 274- E hielded Conn tor. 
Power Supply: 10 5 - 125 v It , 60 y le . Accessories Required: Bolometer elemen . TYPES 

Figure 11. View of the equipment shown in the diagram of Figure 9. 
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874-H25 and 874-HlOO Thermistor Units, and 
TYPE 874-HF Fuse Bolometer Holder are rec­
ommended. 

1'ype 
Bolometer Bridge 
Fuse Bolometer* • 

Thermistor Unit • • 

Thermistor Unit • • . . . . . 
Replacement Fuse Assortmentt 

8 

Dimensions: (Height) 12 x (width) 12 x (depth) 
%" inches overall. 

Net Weight: 21 pounds. 
Code Word 

BEGI 
OAXHOLDER 
OA:AVV AR.ll'IER 
OAXHEATER 

Price 
$325.00 

34.00 
40.00 
40.00 

1651-A 
874-HF 
874-H25 
874-HlOO 
874-HFPl 
874-HP25 
874-HPlOO 

Replacement Thermistor for Type 874-H25 
Replacement Thermistor for Type 874-HlOO . 

F SOR 
THERM 
CALDO 

2.50 
9.00 

9.00 

*Includes one TYPE 74-HFPl Fuse Assortment. 
tConsists of five MJR 1/12-a.mpere fuses and five 1\IIJR 1/32-a.mpere fuses. 

MISCELLA NY 
SPEAKE R-DoNALD B. SINCLAIR, Chief 
Engineer, General Radio Company, 
spoke at the Annual Dinner of Dayton 

ection, I.R.E., on May 18. His subject; 
"The Engineer and Iis Professional 
So iety." 

ELECTED - KrPLI G ADAMS , Manager 
of he General Radio Chicago Office, 
as Chairman of the Chicago Section, 
I .R .E . , for 1950-51. 

RECENT V IS ITORS to General Radio 
- J. M. Van Steeden, Hulsewe ngen­
ieursbureau, Ams erdam, Nether lands; 
Roger Goublin, ompagnie Fran9aise 
Thomson - Houston, Gennevilliers, 
France; and Bjorn Lundvall, Telefonak­
tiebolaget L. M. Ericsson, Stockholm, 

wed en. 

CREDITS-The TYPE 1651-A Bolometer 
Bridge, described in the article by R. A. 
So erman, was develop d by W. R. 
Thurston. 

Th T PE 1534-A Polariscope, de­
scrib d 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 miley. 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. 

VA CAT ION - During the week of 
July 24 and July 31 mo t of our em­
ployee will be vacationing. Manufac­
turing department will be closed and 
other departments will be manned by a 

keleton staff. Every effort will be made 
to take care of urgent business, but re­
pairs cannot be mad , exc pt in hard­
ship cases. Our rvice Department re­
que ts that shipment of material to be 
repaired be either scheduled to reach us 
well before this vacation period or de­
layed until afterward. 

GENERAL RADIO COMPANY 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 
TELEP H 0 NE: TR owbridge 6 • 4 4 0 0 

BRANCH ENGINEERING OFFICES 
NEW YORK 6, NEW YORK 

90 WEST STREET 

TEL.-WOrlh 2·5837 

LOS ANGELES 38, CALIFORNIA 

1000 NORTH SEWARD STREET 

TEL.-HOllywaad 9-6201 

CHICAGO 5, ILLINOIS 

920 SOUTH MICHIGAN AVENUE 

TEL.- WA bash 2 • 3 8 2 0 
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