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. TI-;E DEVELOPiillJ!'~T OF THE CARBON ARC SOUl1CE
01:' HIGH mTENSITI" RADIATION

by

D. I. Lawson, R. W. Pickard and D. 1. Simms

1. Introduction

The' amount of radiation necessary to ignite combustible ilmterir,ls
is dependent upon tlle absorptivity of the aurf'ace and ~his "aries with
the wavelength of the radiation usedo In studyL~ the ignition of
materials by radiaUon from an atomic exp.losdon, tl:1.e quality of the
radiation used in the experiments should be characteristic of such a
source, otherwise corrections have to be l113.de which are difficult if not
impossible to apply, particularly as the abs9rPtivity of the surface
surface varies continuously during charring l1). These co;rrcdions can
be obviated by using a carbon arc source since i ts radiat~on b.Qs about
the same spectral quality as that of an ato~uc explosion l2, 3). In
this paper, the development of such a source is described together
\1ith the auxiliary equipment.

2. Appara~

2.1. Povier supply

The power supply for the carbon arc was a standard type Lister 22 1\:8
generator set but a more conv~n~ent method has been developea. using a
threo phase rectifier system \4).

2.2. Carbon arc

The carbon arc source 'ilas a standard liCD 90 em },iark V searchlight
system operating at 75 volts and 150 ampere s , burning 16 rom dLamcber­
cored carbons. The carbons were fed at appr-oximabeIy their burning
rates by a motor, but since these did not remain constant, uniform .
feeding by the motor resulted in the arc position Yiundcrmg. For this
reason some tests wer-e carried out on a Mark III lamp. This had a.
rotating positive carbon which ensured even burning end the bllrning rate
of both carbons were automatically controlled by probes. The feed ~as

not co~tinuous, hoc,iever, but intermittent and it was f~lnd to be
unsatisfactory. Further tests using this system sn~~ed th&t the output
radiant intensity varied in phase with the rotat~on of thp- positive
carbon. With the development. of the monitorir'<3 SJrS'~,2m descrubed in
section 2.6. J the fi:ark V Lamp was rescored, 'rile poc i t Lon of "the focnl
spot was located by means of a scribed metal p:utemQunted horizontal~

on the central rods of the conver'gerrt beam, Ar..,y mcvemerrt of the focus
Vias corrected by manunl adjustment of the carbon positions.

2.3. 'Optical system

The standard 90 em parabolic searchlight mirror with 0 rhodium
surface Vias supplied. A second parabolic mirror with an alum:inium
surfuce weE used to condense the radiation (Figure 1~ Plute 1). The
optical quaLd ty of the two mirrors Vias not high but it was sufficiently
good for the present purpose.

2.4. Timing device

With the highest intensities of ra~iution avuilablc~ the time tuken
by a specimen to ignite Was ahor-t D.."1d some form of au'toma'ti.cal.Iy timed
~huttcr was necessary to make the exposure. A signalling device in the
form of 0. venetian blind operated by a solenoid was supplied \vith the
searchlight and this has been adapted to control tho exposure time •.
Its operation which TIas made independent of th0 generator supp~rJ TIas
controlled by an electronically timed switch. The circuit diagram is
shown in Figure 2; the me thod of colibration is described in Appendix A,
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and the calibration is shown in Figure 3. It has remained stable for
several months. A correction for the finite openin<~ and closin~ times
of the shutter is discussed in Appendix B. A t:/pical variation in
output intensity durin,): the operation of the shutter is shown in Plate ~.

Intensity mea~ur~~nts

No means were available in this count.ry for measur-Ing the intenslties
of radiati~n available. Water-cooled thernopilcs developc& for tfiis
purpose t5) have proved adequate up to 30 '112.-0+,." cm-2 (7" 5 cal em-2 sec. -1).
Owing to the high temperature reached by' tll') .jIUlctiO·lS at higher .
intensitics of radiation, the abecrbing OJ2, tin,<;; 0'1 -;'1'.'" ,junctions was
rapidly removed. A photo-elcctric mothor[ :18.13 been od0pted to extend the
ronge of measurements, and it 11313 not beeD found r.8~8ssarJ to develop
thermal instruments to me2.sure higher intensities. TIUS method is
described in section 2.6. below.

OWing to thc inst5bility of the position of the carbon arc there
were considere.ble variations in the intensity of radiation received at
the focus of the system, making it essenti2.l to monitor the radiation
durinfi the ac'tuaL exposure of the specimen.

An atteiIT;?t was made t:> do this by passiT'..g the radiation through
II wire grid and 'vbaervinc«: the change in resistance of the wires to
measure the radiation flux. This apparatus was found to be too sensitive
to draughts. Finall,Y a split beom tec9\1iq,ue was a.dopted sinHaI' to trot
in use at the University of Rochester (6). A sheet of naca 9 in. x
9 in. x 10/1000 in. was placed in the path of tIle beam betv/een the
second mirror and the focus (Fisure 4). Some of the radiation was
reflected to f'orrn an Image of the focus on a sheet of frosted glass.
A condensing lens placed behind the frosted glass ~irected a beam of
nearl:," uniform light upon a photocell, the output from which «t:e
recorded CcutoElatically. This method had the disadvantage that it
reduced the intensitz' of radiation at the focus by about, 25 per cent.

Methods of varyin" the intensity of rdiction.-- -_._-.... -_ ....- -~ ... ...- ....~ .. -._ ..-.- - .~...,.. ..... .. . .....

The forru of optical system used did not permit interpesing a
rotating sector disc in the beom to reduce the intensit:' of radiation.
Instead stops '1lJre inserted in the 3\'~ttcr novomerrt so tr.at its ::engle
or op::nin~; could be reduced (Fi:;;ure' 50.) and also a foramina ted
~Cm ',:308 made i:,;~lich could be plG.c~:d in tl1C n!Gi.'1. be-am and 7:hich
llllowed only a part of tN> radiation to pass throush (Figure 5b). In
this way a wide range of intensities of radiation couLd be obtained.

2.8. Distribution of intensity of r~~~ticn

In order to deteIl:!ine .the intensity distrj.outic'l1 near the f'ocas
a table Was built which could be adjusted in three; ",uh:allo' per-pendacuLar­
directions (Plate 3.

The thermopil"c was fixed in position on the: movable tcble and'
adjUlSted until the maxamum output 'las obtrdned, At the same time the
output from the photocell corresponding to this was recorded. A series
of readings were made using the stops and screen; the results ar-e shown
in Figure 6. As the photocell has an output pr-opor-tLonr.L to the
intensity of light falling 011 it the curve of Figure 6 hcs been
extre,polc.ted to the highest reading recorded on it. Thr maximum intensity
of radiaticn is about 180 watts em-2 (40 cal em -2 sec.-)~ Repeated
Calibrations have agreed to within 10 per cent, a sufficiently lugh degree
of accuracY. The'position of maximum intensity of radintion'coincides
with the position of the focal spot found by. the method ~f 2.2.

.t

•
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3.2. V~iation of intensity in~ th!l..f29-)_l~):a}l;e

Plate 4 shows the size of the focal spot when a photographic paper
is exposed for various periods of time, from ~hich some idea of the
uniformity can be obtained. Radiometric measurements of .the variation
in intensity with distance across the focal plm,e for m, intensity of
about 3 watt cm-2 (0'75 cal.cm-2 sec.-1) and .~~8 shown in Fieure (7a, b).
The area of uniform r-adi.at i.on, defined as the area over whrch the
intensity does not vary by more than 10 per- cene, ic less than 0'1 sq. em
and the area over \"';hich the variation does net oxceed 20 per cent r is
less than 0'2 sq. em.

This is shm7n plotted in Figurz 8.

3.4. Intensity distribution auay from fnou'l

As Figure 8 showed no pronounced focus exa s'ted , the areas t in.
and 1 in. in front of t;'.e focus were explored. The results are shown
in Figures 9a, b , 10a, b. Alt:lOugh an increased area of irradiation is
obtained the loss in intensity is high (Figure 11a, b).

, I

4. The ignition of materials

Samples of oven dried oak and fibre insulating board were exposed
to various intensities of radiation from the arc source. The curves,
shown in Figure 12, of intensity plotted as a function of the time to
ignite faller. tho usuo L p"t'te-rn, the i?;nition tililiJ increasing as ·the· .
intensity. is lowered. Below a certain level of intensity ignition does
not take place ~hatever the time of irradiation. For the specimens
tested this intensity level was about 50 Vlatts/cm2 and the corresJ;l0nding
ignition times were 2'5 and 1·0 seconds for oak and fibre insulat~ng

board respectively.

These curves could be extended using as e. radiation source a
tungsten filament lamp and ellipsoidal mirror. This irradiated a
larger area of the specimen and so ignition took place at ,\ loner
intensity. In spite of the fact that. the tungsten lamp operates at a
much lower temperature than that of the arc, the tVio sets of results
lie on a smooth curve.

The'experiments were repeated with bLackcned sarrpLcs of oak and
fibre insulating board and curves having the same general forrn were
obtained. For ignition times .of less than 1'0 8CC. the cffect of
blackening the oak ~as small.

A curious anomaly occurred with the fit::-" i:lsalding board. At
intensitities above about 70 watts/cm2 the ignition 'cime became long
and another curve was obtained. This appeared to be due to a blister
being formed over the irradiated area, owing no doubt to the laminar
form of fibre insulati.."lg board, which shielded the subcutaneous layers
from radiation while itself being denuded of volatiles.

5. Conclusions

The carbon I'rc r0.diation source developed is capable c£ gavang
very high radiation i~tensities over a small area. The output can be
monitored adequately and the position of the focus held constant.
Specimens can be exposed to radiation for known periods by means of an
electronic switch operating a venetian blind shutter. The intensity of
radir.tion to ..rhach specimens are exposed can be v"I"ied by inser·ting
stops in the shutter movement which alters the angle of opening, and
by placing perforated screens in the path of the beam.

Tests on the spontaneous ignition of oak and fibrc insulating
board both blackened and unblackcned have shmvn that this apparatus
rates woods in the same order for case of ignition as other methods
using sources of l~ner temperature. This may howover not be true·for
other materials.
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APPEI~1)IX A

The solenoid operating the shutter was energiRed by means of an
80 volt D.C. supply independent of the sea:cchlizh'c supply. The time
in"i;erval for which t'·,(; shutter WE'.3 held open 'iii:!.::; contrro.l.Led 'by a
flip-flop trigger circuit (l!'igure 2).~ The -:;ir.lc i,:~t0:""raJ. -t:~::-YI".)e,n the
making and breaking of the oper-at ing rc:i.8f I;::ii"t.>::.,:l:,S 'i1'1B ·,'b.:ci,::d by means
of the 2 02 1Ul. potentiometer ("3'igure 2) e ::'}~.:.: :.:?·~.:-'t].OJ.) ":",:1:.-, 'I";~l: -the time
interval and the pcaent.Lcme'ccr scale r:>~:::;'r..:i ~..:..; ::'~;lX!:.! ::."<1 ::::;'[.;••xre 30

Since short exposure tiraes ,,'jerE: ll;-;'3,3. j.:-; '.'::~;:;""'!.(;:':":';.'(;.:,;J -[;':'1 ccr;...~cct
for the time taken by the shut'GEl:::- .~() o.J;·~';~ 2.1~\1 c.'.. :JG~:... !:;:e light teom a
40 watt bulb placed behind the shut"ser v,'~~,s r.J.lo'<7cd ·~o f.s.l:: on a phctoceLl.,
The shutter was operated by the trigg'~r 5~i:,~ct:.i'c and. the output from the
photocell recorded on Go cathode rny oscill'J[~·8.=C'h.. The rcsl.lltip..g trace
was photographed and !l typiccl curve is ehcvrn in ~late I. In addition
to the finite time the shutter took to open and shut there 'fins a de lay
be~uecn the operation fuld the illovement of tDe shutter due to the
inertia of the sjTstem.

From a series of experiments the meun value of the openi.ng and
closing times were determined together with the del~ times mentioned
above; The results are given in the table beLow,

I j

I Delay time i Opening Delay time Closing
on 9Pcning time On closing time

(sec) (sec) (sec) (sec)
,.

0-12 0-13 I 0-22 0-17
l

t = 'r -0-03

, wher-e 'Y is the time interval of the operating r-e Lay_ The effect
of the fini to opening and c Loai.ng times J~s dedt with in Appcnd.Lx B.

APPENDIX B
:

Correction due to finite ('.P2lli~1F_~1Jslo£:J2g, tim~

of shlJ:r.ter

Figure 4 shows tha.t the radiation is r-e ce ived 1;:,/ the specimen in
the fom of e. trapezo'idal pulse. For shor-t time ir.-terl.-als the heat
losses frow the surface ~~y be neglected cnd the s~e0imen ass~ned to be
infiriitely thick.

If the time taken by the shutter to open is t1 then the surfa.ce
temperature of the specimen 1s given by

', i/...J I ..
"1;) j I) ··",'rf J' (I,- ~ I .~K,;':7.\ .r /f:: L, - f'j ~c?).

. 0 V .

where t (t1 - 'r') relates the variation in Irrtens i,ty
k is the thermal diffusivity of the Qaterial
K is the thermal conductivity of the materiul

of radiation with time



Since the intensity rises linearlY with time

- ..,J1ft:, -- '"T')
J- i /,..- --'" t r. .'" I •
l- I ' J, ,

\
J'

V,. 1

whore I is thE) reaximum intonsity of rr\2.5_~'.t~(,:.'"

Eence

n......
,I

. ,If'.- .".

If the radiation is of' constant intensity I from t = 0 until t = t c
r

" then

Thus if B= Qthen.-:.

tc =4
:t1 "9

Hence a linearly increasing intensity of radiation for time t1 reaching
a maximum value of I is equivalent to a constant intensity of radiation
I for a period ~ t1-

It is unIike~ that ignition of a specimen will take place ~uring

the closing of the shutter and the correction for the time taken for
this has not been calculated.

Using t:le result of Appendix A the time for which the specimen is
effectiveJs' exposed to the maximum intensity of l~die.tion is given by

=
,.

where"/ is the time interval of the operating -relay. This result
shows that the time interval of the operating relay may be taken as
the exposure time.
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