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CHAPTER I. 

INTRODUCTION 

Authorization. 

The research to be described in this report was carried on under 
Bureau of Ordnance Project Order 50221 of 21 September 1944, knmvn as 
Project Spruce. The purpose of the Project was to develop a far-infra­
red gunsight for air to air use. 

The Problem 

The requirements of Project Spruce are that i gunsight, senitive to . 
infra-red radiations from the target, be develope~ to indicate ' the presence 
of an airplane anywhere in an area of sky 30 degrees in diameter (or 
30 degrees square) ,vith such speed and resolving power that a fast 
approaching target can be located to 0.25 degree. Further, the 
requirement on range of the sight in use is that it detect a fighter 
aiiplane at night at distances greater than 1000 yards. 

Possible Solutions 

Three possible solutions have been considered. 

Solution A. A scanning system has been drawn up which would give the 
gunner an indication of the direction of the target away from the line 
of s ight of the system and an indication of the aneular distance of the 
target away from the line of sight. This solution has not been pursued 
because the operator of such a device would not be able to, distinguish 
the target signal from those received from clouds and the horizon, and 
because it would be very difficult to obtain the required resolution 
with such a system. 

Solution B. The possibility of using a mosaic of radiation sensitive 
elements in the focal plane of an image fo,i,:..µng systen has been c:onsidered. 
The response of each element vould control the brightness of a spot so -
located on a screen that the response of all the elements together .would 
form a picture •. For Project Spr\l.ce the mosaic would contain about 
15,000 elements. While this is the ideal method of solving the problem, 
the development of such~ mosaic has not been attempted at this Laboratory. 

Solution C. The whole field of view may be scanned at frequent intervals, 
say one a second, by a single bolometer, the size of the bolometer, the 
scanning rate, and the pattern of scan being such that tbe required 
resolution and size of field will be realized. The amplified output of 
the bolometer can be presented on a screen so that a picture of the in­
fra.red "brightnesstr of objects in the field of view vvi.11 be formed. This 
solution has been chosen. The requirements which it sets on the 
sensitivity and the speed of response are outlined below. 

Page 1 of 20 pages 
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An infra-red gunsight with a field of view 30 degrees square and 

vdth resolution of 0.25 degree can be build and it may detect aircraft 
at night at ranges greater than 1000 yards if a bolometer and an amplifier 
can be built such that the combination of bolometer a.~d arnplifie~6will 
detect a signal difference incident on the bolometer of abou5 10 watts 
and if the time constant of the combination is about 3 x 10- seconds. 
Bolometers and amplifiers meeting these requirements have been built at 
this _Laboratory and they arc described in this report. 

The Materials Available at the Initiation of this Project. 

At the time constant at which they operate, therr.listors are tho 
mo~ sensitive of the available bolometers. Under laboratory conditions 
of operation tho combination of a thermistor of area about one square 
millimeter and a properly designed amplifier, this combination ho.ving 
a time constant of about 3 x 10-3 seconds, CM detect a differenc e in 
the radiation incident on tho thermistor of about 10-7 watts. Using 
such a thermistor with an amplifier designed to giv5 the combination of 
amplifier and thermistor a time constant of 3 x 10- seconds, the re­
sultant combination will just detect a diffgrcnce in the radiation 
incident on tho thermistor of about 5 x 10 watts. 

T§ormistors have not been made with time constants much l ess than 
3 x 10- seconds. They have not been used in this project because, it 
was thought that any 2.ttempts to decrease the time constant of a system 
using thermistors by changes of the amplifier characteristics al.one would 
result in an unacceptable sacrifice of sensitivity, as indicated in tho 
paragraph above. · 

The Golay Cell can ?R made so that in combination with its amplifier 
a t ime constant of 3 x 10 s econds is realize~ and a difference in 
radiation incident on the cell of about 5 x 10 · watts can just be 
det ected. It seems possible that cells of this typo might be made with 
the necessary tirne constants and sensitivities for Project Spruce. Golay 
Cel ls have been ordered by this Laboratory, but~ to date, they have not 
been received. 

Techniques and Theories of Fast Bolometers Available at the Initiation 
of this Project. 

A method for making fast bolometers had .been advanced by Dr. R. D. 
Havens, Bureau of Ships, Section 660d, who discussed the principles 
involved in authorized circles and conducted many experiments at this 
Laboratory, but who has not published his results. Havens proposed a 
simplified theory of the behavior of bolometers and showed, b otb 
theor~tically and experimentally, that, by separating a metal bolometer 
strip from a massive metal base by a film of insulating material of 
chosen heat conductivity, the time constant and the sensitivity of the 
bolometer arc related in a si.JBple way to the specific heat of the bolometer 
strip and to the conductivity of the irisulating filrn. Ho further showed 
that time constants of tho order of 10 5 seconds arc experirncntally 
possible. 
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Havens constructed bolometers by coating massive alurninum 
plates, say 1 cm x 2 cm x 0.5 cm, with a thermal setting Nylon cement 
or a plastic and laying ordinary gilder's foil, or evaporating silver 
or bismuth, on that. 
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CHAPTER II 

BOLOMETER CONSTRUCTION 

An outline of the Present Method of Bolometer Construction 

The s eparat e steps in the construction of a bolomet er are described 
in the following paragraphs. A bolometer strip of silver or gold, usually 
about one millimeter wide and about 0.03 micron thick is deposited by 
evaporation through a mask onto a 0.03 micron thick quartz film which is 
stretched across a hole, larger ~han .the bolomet er, in a mica plate of 
thickness dependent on the time constant desired (usually the thickness 
is between 15 microns and 50 microns). The length of tho bolometer 
(usualc)_y about one millimeter) is controlled by the form of tho mask us ed 
when metal contacts arc deposited, by evaporation, over the ends of the 
bolomet er strip. The mica plate is attached to a massive brass plate so 
that the bolometer is s eparated from the brass plate by the thickness or 
tho mica. Absorption of tho radiation incident on the bolometer strip 
is assured by evaporating a gold black on the strip. The absorption of 
of the blacks used is between 75% and 90% at wavelength 10 microns, 
and the heat capacity of tno black is small compared to that of the rest 
of tho bolometer. Important results of this type of construction arc: 

a. The heat capacity of the bolometer strip, its support, and the 
black is as near a minimum as experimental t echniques will allow. 

b. The time constant of tho bolometer may be controlled by 
varying the thickness of the gap between the bolomet er and tho 
massive brass plate and by selection of tho gas us ed in this gap . 
Effectively all of the heat lost from tho bolomet er strip is by 
conduction through tho gas in t~e gap. The heat capacity of th e 
gas in the gap is negligible compared to that of the bolometer 
strip and its support. 

c. More than seventy percent of the radiation incident on the 
bolomet er is absorbed. 

d. Tho specific temperature coefficients of resistance of the 
met c:.ls us ed in the bolometer strips are about one quarter of those 
of the bulk metals. This loss of s ensitivity may be r egained, in part 
as the techniques for the formation of tho metal bolomet er strips 
are improved. 

Cons:.truction of ~ ~ 

Tho dimensions and the general appearance of the bas e f or the 
bolometer are shown in Plate I. Tho base' is a cvlinder·.mad~ of two 
pieces of-brc'.S'S insulated from.' each .other by., and; .]:;londed together · ... Pago 5 of 20 pages 
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by a glass cloth spacer impregnated with Nylon cement. Ivictlbond 
Cement No. N2 is used. It is supplied by National Research and 1:Ianufacturing 
Company, 2330 Cleveland Avenue, National City, California. The plane 

· dividing the tw:i pieces of brass is parallel to the ax.is of the cylinder 
and offset from the a.tis by 1/32 inch. Contacts arc provided at one 
end of the cylinder. The other end of the cylinder is curved so that 
its surface i ~ a s ection of a cylinder of about two inch radius, the 
axis of which is parallel to the plane dividing the two pieces of 
brass .and passes through th'e Itxis· pf the base. This curvature prevents 
the mica plates from bowing_ up awny from the brass base and it puts 
the quart~ film under a very slight tension. 

Th~ Tufica Plate and the Guncotton Support 

1,fica sheets are split to the thickness desired for the mica 
plates and tho sheets arc then cut with scissors or a razor to the 
dimensions ·shown in Plate II Figure 1. The hole is drilled in a stack 
of plates clamped bet ween thick plastic blocks. A drop of gun cot ton 
(viscosity: 29 seconds) dissolved in amyl acetate, in the proportions 
eight grar.1s and eighty cubic centimeters rospecti voly, is allowed to 
fall on a clean ·water surface, and after tho amyl acetate has vaporized 
the film of guncotton is picked up on a wire ring. By stroking tho 
edges of the wire ring with the finger the film is stretched as tight. 
as possible and then it is baked for an hour or so in an oven at about 
120 degrees centigrade. The thickness of the film is es timated from 
the interference colors observed when two or throe pieces of the film 
ar~ stacked together. 

The mica plates after careful cleaning arc moistened with clean 
water and laid on the guncotton film. After baking the system for 
twenty minutes or so at 120 degrees centigrade,' the plates 1,tlth tho film 
attached are cut out and tho excess film is carefully removed. Figure 
2 of Plate 11 shows tho mica plate with the guncotton stretched over 
it. 

_!vaporation of the Bolomotor Strips 

The technique for tho evaporation of tho bolometer strips is 
shown roughly in Plate 111 Figure 1 and Figuirc 2. 

For each evaporation of silver a new tantalum boat is used. 
After tho pressure in the vacuum system has r eached 2 or 3 x 10-:-5: mm 
of mercury the boat is h eated, wi th the shutter over it, until the 
silver melts. After thirty seconds or so the power to t ho boat is 
turned off and the system is allowed to· pump for a few minutes. The 
shutter is then opened and the boat heated so that evaporation 
procedes very slovrly , for about thirty seconds and then the p9wer is 
turned off for a f ew minutes. This process is continued until the 
glass plate with silve r foil contacts on its ends, shown in Plate 111 
Figur e 1, has a resistance between th0 contacts of t vm to four ohms. 
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out in an evacuated bell jar by laying the mica plate on a slightly 
concave metal ribbon connectod to a source of electrical power; the 
ribbon is heated until the guncotton film disappears from around 
the bolometer strip. Either process removes tho guncotton ·without 
destroying the quartz film. Silver is heated in a vacuum because 
heating silver films to 200 degrees centigrade in air causes the 
film to deteriorato. 

The bismuth and bismuth-tin bolometers are strong enough to 
support themselves. Thus, the guncotton can be burned off with 
no quartz film present. 

The function of tho quartz film is two fold: it servos 
as a support for the bolometer strip, and it separat es the 
bolometer metal from the black, thereby eliminating the danger· 
of electrical noise being caused in tho bolometer by tho black. 

Mounting !:_b£ Bolometer _£g the Base 

The method of mounting the bolometer on the base is shovm 
roughly in Plate Vl. Referring to the drawing, tho mica plate is 
attached to tho scotch tape strips and lowered onto tho base. 
All the exposed edges of the rnica plate arc glued to tho base with 
Duco household cement. Holes shovm in Plato Vll arc punched with 
a needle in tho quartz .film so that it 1-rill not explode when the 
bolometer is placed in a vacuum system for blacking. The scotch 
tape is then trimmed off with a razor and contact is made between 
the base and tho contacts on the mica plate by wetting contacts 
and base with saliva, on a fine artists brush, and then laying 
silver foil on, as shovm in Plate Vll. Several thicknesses of 
silver foil are usually us ed. 

Blackening the Bolometer 

The bolometer to be b lackcned is placed on edge und Etr a bell 
jar about two inches away from and with the quartz film facing a 
30 or 40 mil tungsten vrirc helix which is at the same level as 
the bolometer and which is connected to an external pm-vcr supply. 
Previous to the blackening operation, gold is fused to the tungsten 
helix in vacuo. Halfway between tho helix ·and the bolometer two 
large brass rods arc placed with their axes vertical and separated 
so that there is about a throe quarter of an inch gap bptweon them 
through which tho lino from the bolometer to tho center of the 
helix passes. Tho rods are included because tho man who makes 
tho blacks insists that they are necessary. They could probably 
be eliminated by the use of other pressures and distances. The 
black is formed by ovapor-3,ting the gold in a hydrogen atmosphere_ 
at a pressure of from 15 to 50 millimeters of mercury. Evaporation 
is stopped whon the bolometer surface appears to r eflect about 
t on percent of tho incident light. 
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There is some evidence that these blacks are not stable at the 
tcrnpcrature at which the bolometers arc operated. Other metals and 
techniques for making blacks arc being investigated at this Laboratory. 

Scaling the Bolometer in Hydrogen_££ Air 

So far only~ few bolometers have been scaled. Tho method used is 
shown in Plato VIII. 

Variations 2£ the Process for Making Bolometers 

Until recently, no quartz was used. The bolometers were made 
exactly as doscrd.bcd above except that no quartz was evaporated on 
them and. the guncotton was not baked off. In this case tho black was 
evaporated directly onto the metal, of the bolometer strip. 

Sometimes it is convenient to evaporate tho contacts before 
evaporating the bolometer strips. This is not a good practice vvi th 
silver or gold because the bolometer strip is slightly thinner near 
tho contacts when this sequence of evaporations is used. Thero is 
less chance of noise with meta.ls which tend to oxidize if the contacts 
arc put on first. This is e.xpocially true of aluminum. 

Double bolometers can be made by attacking a thread to tho mica 
plate before any evaporating is done. Tho thread is so placed that it 
splits the bolometer strip lengthwise and also splits tho contacts. 
The thread is removed after the evaporation of tho contacts. 

Safe Current f9.E the Bolometers 

Tho maximum safe temperature of operation of a bolometer supported 
by quartz seems to be, at present, 'a.bout 200 degrees centigrade, and 
when guncotton supports arc used the maximum temperature is about 100 
degrees centigrade. Tho temperature of tho bolometer, T, in dogr.ees 
Kelvin is given as a function of the current through the bolometer., I., 
in amperes PY 

T T + 
0 

whore T
0 

is the temperature in degrees Kelvin of the surface of tho 
brass support directly behind the bolometer, R is the resistance of 
the bolometer, in ohms, and i'. is the total conduc ti vi ty of tho gas 
in tho gap between tho bolometer and the brass base in . watts per degree. 
For the bolometers described in this report, T may be shown to be 
only a few degrees different from room tcmpera~uro. Tho total conductivity, 
/\ , may be calculated, quite acqurately, by determining tho conductivity 
of a tube of gas of cross section equal to the area of tho bolometer 
and length to tho thickness of tho gap. 
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CHi,PTER III 

BOLOIJETER CALIBRATI ON 

Measmrcment of the Dimensions and the Coefficients of a Bolometer 

The thickness of the gap between the bolometer and the mount is 
determined by the choice of t hickn8ss of the mica plate . Now and t hen 
a bolometer is assembled in vJhich the mica plate docs not lie: in contact 
with the mount in tho r egion around the holdo . in tho plate. In those 
cases tho thickness of the gap must be estimated. 

Tho l ength and width of the bolometer strip is measured with a 
convenient magnified scale. 

The r0sistance and the temperature co efficient of ros:Lstance 
of tho bolometer arc measured by connecting the bolometer to a l1lheatstone 
bridge and measuring its resistance at various temperatures. 

The total specific heat of the metal in the bolometer strip is 
calculat ed from dat-n obtained by deterrnining the increase in weight of 
a thin glass plate resulting from placing it near tho bolometers during 
their evaporation. 

Tho thickness of the quar~z films has boon estimated by members 
• of tho Electron Optics Section of this Laboratory who have had considerable 
experience in the use of thin quartz films. 

The heat capacity of the blacks U$ed is apparently small com.pared to 
that of the bolometer strip and its s~pport because the time constant of a 
bolometer is about the same before blackening as .after. 

Measurement of the Time Constant and Sensitivity of§:. Bolometer 

The general sot up for testing tho sensitivity of bolomet ers at 
various frequencies of square vmve irradiation of the bolomet er is shmvn 
in Plato IX. 

The amplifier is carefully shielded, and so constructed that the 
noise from it, when the input is shorted, is equal to the Johnson noise 
it wruld amplify from a four ohm resistor. The band pass of the amplifier 
centers on about 500 cycles and it is rou ghly 1000 cycles wide. The 
amplifier was designed at a tir1e men it appeared that tho best bolometers 
would have a r esistance of about 10 ohms and time constants of the order 
of 2 x 10~4 seconds. An amplifier is at present being designed for use 
with one to two ohm bolometers with time constants of tho order of 
3 x 10~5 seconds. Thero is provision for adjusting the bolometer current, 
and the bolometers arc tested at what is believed to be maximu.m safe 
current. 

The amplifier can be calibrated for its amplification of either 
sine waves or square waves, Tho output of a b~lbmo:er. is r oughl ! a 
square wave when it is exposed to square wave 1rrad1at1on of period 
l arge compared to 2 7T times the time constant of the bolomet er ; hence 
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the square w2.vo calibration of tho bolometer is important. Tho output 
of tho bolometer is approxima toly a sine wave vlhcn tho bolomot or is 
exposed to square vravc irradie.tion of p oriod equa.l to or greater than 
2 i ; times the tLmo conste.nt . 

A calibratod t ungs ten lamp is used 2,s ci. source i n t esting because 
it is more convenient t han a vv2,r rn. body source, To tho cccur2..cy of t he 
cilibr2.tion t ests, which ~s about± 25 pe rcent, tho bolometers show t he 
sruno sensitivity to warm sources as they do to the tungsten s ource ; 
t his mco.ns that the ble,ck is approximately neutral. 

Tho r adiation incident on the bolometer is chopped by a s octor 
vlhcol. Y.ihocls r epresenting various f rcquci1cics may be used, or, more 
conveniently, a wheel nay be used such as that s hown in Plato LX, 
-which h2,s been cut with soc tors 1<rhich chop tho radiation at 300, 6QO, 
1200, 2400 and 3600 cycles. To deterr,tlne tho r espons e of a bolometer 
and its amplifie r to a pulse of radiation, tho light incident on tho 
bolomet er may be chopped by using a rotating disk cut to have i n it 
a single aperature of size appropriate to tho duration of the desired 
pulse. 

The time constant of a bolomotcr may be found oith;:;r by determining 
its respons e 2.s 2, function of the durati..on of singl e pulses of r adiatin 
incident upon it or by determining its r esponse as a f1.mction of the 
frequency of sque,ro vv2.vo chopped light incident upon it, If V is the 
total ch211g0 in potentitl across the bolor.1eter resulting from exposure 
to a given source of radi c1.tion, thon the change in potential, --V~t, 
r esulting from a pulse of radiation from tho source, of duration rt 
falling on th o bolometer is given by -·' ' 

where '[is tho time constant of tho bolomotor, The pcd-c to peak 
fluctu~tions in tho potential a.cross th-:i bolomot...,r, Vf• due to exposing 
it to chopped radic.tion from tho source of frequency f is given 
approximately by 

V-_;_ --- \/ t,,I' - !:_I -- ! , , , ·, :;:_Ti+ Y _j , 

Tho exact expression for Vf is o, little ·awkward, b eing 
/ ,.... 

I e<- 1 
V f =. 0 ~ 9V ( ~ -----::c~-----;;, 

, .,- )2 / ( )2 2 f2 ".( \ '7;;-0 (2n + 1 t 1 -;- 2n tl 4;; 
' ~ 

! Summary of the Results _p f Tests, 

A great man y d2:to, have been taken on tho several hundred bolometers 
vrhich h2,vc b ,; ,:m built during the development of the t e chniques which 
arc described D.bovc , Th0se · data justify tho follovling stz,teBcmts: 
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(a) Silver, gold, nickel, and possibly bismuth bolometers · 

can be built in vmich the current noise is not greater 
than Johnson noise. 

(b) 

(c) 

-

The theo~ swnrnarizcd later in this report, predicts 
numerical values for the time constants and sensitivities 
of the bolometers, which values are correct to the 
accuracy with which the dimensions and c·ocfficicnts of the 
bolometers arc known. 

Bolometers have boon built with time constclnts b et ween 
10· 3 and 2x10- 5 seconds such that, if used .. i th properly 

designed amplifiers, the minimum detectable pulse of 
radiation U, in watts, of duration equal to the time 
constant of tho bolometer 1- in seconds, is given by 

U = (2 ±_ l) x 10-lly-l A½, 

where A is the area of the bolometer in square willimeters. 

The minimum detectable pi.rlso ,of radiation for the 
combination of a bolomotor and an a.~plifior is considered 
here to be that v.hich causes a signal in the output of tho 
amplifier equal to the noise in the output of the 
amplifier vlhcn tho bolometer is connected to it. 

Page 12 . ,:if 20 pages 

DECL~SSiFIED 

l 
I 



DECLASSIFIED 
CHAPTER lV 

BOLOMETER EQUATIONS 

Basis for the F.quations 

To make a fast bolometer it is not only necessary to have the 
specific heat of the bolometer strip, its black and its support 
reduced to a minim.um., but it is also necessary to have tho conductivity 
of heat from the bolometer large. To make the bolometer sensitive, 
all of the rn.atorial involved in the conduction of tho heat from the 
bolometer to places of approximately room temperature must have a . 
total specific heat as snail as possible. In the case of the bolometers 
described above tho conductivity of heat avmy from the bolometer to · 
tho brass base, which may be shovm to be nearly at room t emperature, 
is through the gas in the gap. Tho specific heat of tho gas in the gap 
is small compared to that of the bolometer strip. 

In vacuum bolometers tho heat lost from the bolomet er is by 
radiation and by conduction dovvn tho leads. When a bolometer is operated 
in a gas filled chamber heat is conducted away from tho bolometer by 
the gas. Somo of the heat warms up tho gas and some of it is 
conducted to the side ·walls of tho chamber. 

In th e bolometers described hero tho conductivity from tho 
bolometer through tho gas in the gap to tho base is so largo that the 
other losses may be nogloctod. 

Since the bolometer strips are in a plane parallel to tho_ plnne 
of the metal base the conductivity from each element of the bolometer 
is approximately the same as that from every other clement. To a good 
approximation each clement of tho bolometer and its associated 
support and black is the sarne as every other clement. Those conditions 
allow tho use of a single value for the conductivity away from the 
bolometer, a single value for tho heat capacity of the bolomet er and 
its support and black, and all of tho bolometer may be considered to be 
at one temperature, · vmile all of the bo.s o is considered to be at 
another temperature. 

These conditions have boon used in developing the equations for 
tho behavior of tho bolometers. 

Noise Duo to Statistical Fluctuations 

The statistical fluctuations in the potential across a bolometer 
which is connected in series with a resistance and through mich a 
current is flowing is different from that which Johnson noise would 
predi~t, and t _ho ma tha.rnatical expression for it is rather complicated. 
This difference is small enough to be neglected in tho bolometers built 
at present at this Laboratory. Vklen two identical bolometers arc· 
connected in series and a s~urco of E.M.F. is applied across them, 
the statistical fluctuations in the potential at the connection 
between the bolometers is equal to tl1at which Johnson noise vJDuld 
predict. In the following paragraphs tho approximate expressions for · 
the behavior of single bolom.ot.crs assume the noise to be Johnson noise. - Page 1,:3 of 20 pagos 
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This assumption is safe as long as 

wheret'.X is the specific temperature coefficient of r esist2,nce of the 
bolometor strip (~-1 __@__), and where (T - To) is ~he difference in 

R dT 
temperature between the bolom.e t or strip and the metal: base. The exact 
expressions given below are all for double bolometers (i.e., two 
identical bolometers in series) in which the noise is exactly Johnson 
noise. 

An evaluation of the ability of a bolometer to detect radiation 
can only be made when the band pass of the amplifier to be used ·with 
the bolometer is taken into consideration. This is true because the 
mesgnitude of the amplified Johnson noise is a function of the band pass 
of the amplifi8r. In this report a pulse of radiation incident on a 
bolometer is said to be just detectable of the magnitude of the 
amplified pulse is equal to the root-mean-square magnitude of the 
amptified noise. 

The Eguati0n f.9.E. the Time Constant of a Bolometer 

The time constant of either a single bolometer or a double bolometer 
is given approximately, by 

. ·,1,, - rr 
I - -->,., 

where Y is the time constant, in seconds·> .tr is the total heat capacity·· 
of the bolome ter strip, its support and n,s black, in jottles per degree 
centigrade, and ),is the • total thermal conductivity from the bolometer 
to the base;, in wa.tts por degree centigrade . 

' The exact expression for the tirne const2..nt of a single bolometer in 
a bridge circuit is given by 

Y= , 

where°"is the specific temperature coefficient of resistance of the 
bolometer strip, (T - T

0
) is the difference in temperature in degrees 

centigrade between the bolometor strip and the base, R is r esistance 
of the bolomet er in ohms, and S is the resistance in series with the 
bolometer. 

The exact ' expression for the time constant of a doubl e bolometer, 
i.e., S is now an identic2.l bolometer to R, is given by 

y -

-
To)l 

~ 
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The minimum detectable pulse of radiation qf duration 'r., for 

the combination of a properly designed double bolomct '-' r an:d 
amplifier is given by 

6 -12 
U - ,7 x lQ 

- I I'(_ '~f- I 
I . 

, 

where it is assumed that the r adiation falls on only one of the 
two identical single bolometers making up the double bolometer. 

I 

The exact expression for th e double bolometer is 

P- -12 6.7 X 10 ,ex YI 

For the combination of a bolometer and an amplifier designed 
to have a time constant of 1; the minimum detectable pulse of 

· radiationU • of duration.,o f. is given roughly by 
6t 

- I 
) 

Discussion of !:h£. Equations 

The total heat capacity of the bolometer is proportional to 
the area of the bolometer; thus the minimum detectable signal 
is proportional to the square root of the area of the bolometer. 

If the area remains constant, the minimum detectable signal is 
independent of tho ratio of the length of tho bolometer to its 
Vv.idth. 

For the bolometers reported here tho rninirnum detectable signal 
is inversely proportional to the specific temperature coefficient 
of resistance of the bolometer strip, and it is indopendont of the 
r esistance of the bolometer strip. 

The specific temperature coefficient of resist6nce of the 
~etals used in the bolometer strips is a function of the t emperature 
of operation. 

The minimum detectable signal is . inversely proportional to the 
time constant for which the bolometer-amplifier combination is 
designed. If the bolometer and the amplifier cannot be designed 
to match the duration of the pulses to be detected the minimum 
-detectable signal will be hrgcr thari it v10uld be if the match 
could be made~ 

--
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Calculation of the Minim.um Detectable Sign..§!1 

The minimum detectable signal for a double bolomet er will bo 
calculated below, using the data given above in the calculation 
of the g~g to be used in making a bolometer of time constant 
4. 5 x 10 seconds._ · 

For a single bolometer assume that S > ) 
U - /+. 7 X 10. 

12 

f o< Ti" ~-
1v;;:-~ 

' T - T 
0 

The values of the coefficients _are: 

'),::. 0.001 (degrees centigrade)-1 -

-5 Y = 4.5 x 10 seconds 

R, then 

-7 u - 1.1 x 10 Joules per degree centigrade 

• T = 450 deg.tees absolute 

(T - T) - 150 degrees absolute. 
0 -

U - 6 x 10-
8 

watts 

forY ::. 4.5 x 10- 5 s econds . 

For a double bolometer, where it is assumed, that the radiation 
falls on , only one of the two identical strips 

u - 6.7 X 10- 121 / s- T-
1 

· . • 1-­
' 0(T-.,,- '· Ir r . T r ~ l I ~ - · o 

-8 
or U = 8.5 x 10 watts 

. -5 
for Y ::. 4. 5 x 10 seconds 

Using the exac~ expression for U gives the q,nswer; U - 1.1 x 10-7 

watts for ).,~·= 4. 5 x 10-5 s econds. 

The Figure of Merit 

,For the method of c onstruction of bolometers discussed in this 
report the equation 

- 1 
U Y A 2 - constant 

- Page 1Ebf20 pages 
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may be shown to be true theoretically; cxperimentally

3
it has been __ 5 

found to be true over the range of time constant, 10- 2. ,,,,. 7 2 x 10 
seconds. Here agro.n, U is the minimum pulse of radiation, of duration 
)', which tne combination of the bolometer and a properly designed 
arnplifier can d~tect, Y is the time constant of the bolometer and A 
is its area. This relation, combined .vr.i.th the range of /~.for which 
it holds, may be considered to be a figure of merit for thb .method of 
construction of bo+omctcrs. 

Using the equations given in this report and the measured 
dimensions and coefficients of the bolometers, tho calculated 
figure of merit for the method of bolometer construction described here 
is 

...., .. 1. -12 · -1 U I A 2 :. 2.7 x 10 watts, seconds, mm . 

This value assumes a perfect amplifier. 

The experimental value of the figure of merit for these 
bolometers is 

- - ½ -11 -1 U / A :. ( 2 ± 1) x 10 · watts, seconds, mm • 

The difference between these two values ,Nill probably be reduced 
as the &~plifiers used with the bolometers arc improved. 
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CHAPTER V 

FUTURE WORK ON PROJECT SPRUCE 

Tho dcvelopnent of bolometers has reached the point vmerc it is 
now r easonable to start plclns of scanning systems, amplifiers, and 
presentation methods for a laboratory model of a gl,lnsight with which 
studies of sky backgrounds and targets may qe nade. This work is now 
underway. 

At pres ent it is planned to use a single bolometer at the 
focus of an optical system for scanning • . It is possible the.t double 
bolometers may have to be used in the. focal plane of the optical 
systems to reduce the effect of the sky background. 

There are a few modifications of the tochi;ri.ques for the 
construction of bolometers which may improve the figure of merit. 
There are also several possible wa:ys of using semi-conductors to make 
fast sensitive bolometers~ This work is also being started • 

• 
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Table I 

Characteristics of Evaporated .Metals 

~ Silver Gold Copper · 

Rcs:i.stance of Square 3.9 ohms 4 5.9 

Thickness 
4.l x 10-,3 6 X l◊J -2 

Calculated 2.5 X 10 
from Resistance microns 

Thickness -2 -2 :.. 2 
Calculated 2 X 10 2.5 X 10 2.2 X 10 
from Vvoight microns 

Specific Temperature from 30° C to 25° C to 
Coeficient of 25° C to 100° C 100° C 
Resistance 100° C 1 

in degrees-

Measured Value 

Hand book Value 

Heat Capacity of 
one square mm 

--

. 0.001 0.0009 0.001 

0.0037 0.003 . . 0,0038 

I -8 -8 
Joules -6.25 x 10 7.5.x lO 
degree _ 8 
4.$, x 10 • 
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Bismuth Bisrauth-Tin 

30 22 

.2 -2 
4 X 10 6 X 10 

-1 -1 ' 
4.5 X 10 6 X 10 

. 0 
. 40 C to Similar to 

150° C Bismuth 

- 0.31% No numerical 
data taken 

+ 0.45% No numerical 
data taken 

· -7 -7 
4, 5 . X 10 7 • 2 X 10 
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Distribution 

BuOrd (Rc4e) (Copies Nos. 2,3,4,5,6, 7) 
Bu.Ships(660c) (Copies Nos. 8,9,10,11,12 & 13) 
ORI (Copies Nos. 14 & ·15) 
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