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Summar

4 high intensity carbon arc lamp isg used with an ellipsoidal
mirror as a source of radiation giving a maximum intensity of 55 w/em?,
The area over which the intensity of radiation is grecter than 90 per
cent of the maximum is 3 om?. A venetian blind type of shutier may be
operated either by a solenocid to produce a timed pulse of radiation of
congtant intensity; or by a ¢-m driven mechanism to produce a pulse
having the same {ime intensity relationship as that from an atomic

‘*‘bomb 4 device has been developed which will detect and record the
mstant of ignition of an irradiated specimen.
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RESTRICTED ' ?.R., Note No, 270/1956

4 SUURCE OF HIGH INIENSITY ZiPLOYING AV ARG LAMP AND
. } AV BILIPSOIDAL MIRROR

by
_ F. 1. Hinkley.

1. Introduction

A rrev1ous paper (l) descrlbed a source of high 1ntcn31ty radiation
employlng a hish current carbon arc lamp and two parabolic reflectors.
The maximum 1ntcnslty that could be produced vag greater than 200 w/em?
but the area’ over which the intensity exceeded 90 per cent of the
maximuin, was less than O<1 cm?, This small irradiated area limited the
use of the apparatus, for two reasons. Pirstly heat is conducted away
radially from the irradiated spot and the tempcrature rise at the centre
will become signifi?astly less than that obtained with a very large area
after a short time s, particularly with good conductors, Twen with
bad conductors such as wood, errors which could not be neglected occurred
with ignition times as short as 2.5 seconds, This difficulty can
sometimes be overcome by using a small specimen,

Secondly in experiments on ignition a further source of error was
the limited amount of flammable gas nroduced by the very small irradiated
arca, This greatly increased the minimum intensity of radiation at
which ignition occurre%Band also tended to increase the ignition times
at higher intensitics .

The wide angle through which the beam converged. on the specimen
necessitated the accurate positioning of the specimen along the axis of
the system; an crror of as little as 1 mm resulted in a 10 per cent '
loss of intensity,. The positive carbon of tc lamp did not rotate and
this meant that tne image was 1Tregular1y shaped, _ .

Several methods of obtaining relatively large and uniformly
irradiated areas by means of an arc lamp are used in studio background
and cinema projcctors. The simplest euploys a 31ngle ellipsoidal
mirror to cbtain a magnified image of the arg crater (Fig., 1). This
has beén adapted as a high intensity source 43 to producc intensities
of up to 150 w/cm , with an area of 1 cm? receiving ‘more than 88 per
cent. of the maximum intensity, Another type of studic background pro-ector
enelcys a condenser relay lens system 5 . This has bcen adapted for
use as a high intensity source in an apparatus built in the U.S,A. which
will givie 12C w/cm? over a circular area Os 8 in, in diameter or 60 vi/ em®
over an area 1+4 in. in diameter,

A system based on an ellipsoidal mirror was selected for the apparatus
described in this report because of its greatersinplicity., The wirror
nas the same dlametér and focal lengths as in tne system mentioned
atove (4§ but by using a large positive carbon, a larger 1rradlatcd area
was obtalncd at the expense of a reduced 1ntﬁn51ty.

2. hAEEaratus

2.1, General descfigﬁibn'

The apparatus is shown diagrammatically in figure 1  and its
general appearance’ in rlate 1, . The arc lemy and mlrror are enclesed in
the lamphouse at the rear of the apﬂaratus (plate 2). - Two shutters
arc mounted over the hole in the front of the lanzhouse through which
the beam emerges The first shutter (plate 3) is air cooled and has its
hlades horizontal It can be controlled by a solendid to give a pulse
of radia ion of constant intensity for a period set by an clectronically
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controlled switeh., - The shutter can also be controlled by a cam
mechanism to produce 2 pulse of radiation having the same %ggen51ty- ¢
time relationship as that nroduced by an atomic explosion The
second shutter (plate &) is used for attenuating the beam and is
provided with a hand control enabling the blades to be set at any angle.
It has its blades vertical to prevent the two shutters interacting to
rroduce a striped pattern on the image.

The equipment for controlling the operation of the ghutter is
contained in a rack mounted unit,

The specimen is mounted at the focus, 2 £t from the lamrhouse on a
suiteble holder which is carried on a slzd}ng table (plate ?% The
s5liding table alsec carries a radiometer so that measurements of the
intensity of radiation can be made before and after each exposure. The
mounting of tie specimen in the correct position is facilitated by
marking the focus by a plumb line, :

A photo~electric device is provided which detects the ignition of
a specimen and cnables the time reguired to ignite the specimen to be
recorded by an electrically controlled stop watch,

2.2, Power supply

Povier is provide? by a three tvhase rectifier system producing
150 amps at S0 volts '

2.5. AIC'lamE

The arc lamp mechanism is that used in a Mole Richardson type 170
150 amp film studio arc,  The positive carbon rotates at about 12 r.p.m.
The lamp is of the semi-automatic type in which the carbons are fed
forwerd at approximately their correct Lurning rates, but slight
adjustments to thn positions of the carbon must be made by hand about
every five minutes. To facilitate this adjustment a magnified image of
the arc and white hot carbon tips is formed on the wall by a pinhole in
the side of the lamphouse with correct positions of the carbons marked
on .the wall,

The lamp is mounted on a stand with provision for adjustment in
three directions. The manual controls for the carbons are brought to a
control panel on the outside of the lamphouse (plate 6) by flexible =~
drives, The control ranel also carries an arcing switch and meters
for measuring the arc voltape drop and current, An 0-0-25 ohm ballast
resistor is placed in series eith the lamp and power supply and is
adjusted to give 2 current of 150 amp when the carbons are burning
correctly. The carbons used arc a 16 mm positive (Link PTB) and an
i1 mm copper plated negative (Link PCN).

The hot gases from the arc are collected by a hood fitted inside
the lamphouse and escepc through a chimney., - ‘;ya’p

2.4, The wmirror

The mirror is ellipsoidal having a dismeter of 24 in. and focal
lengths '6f 11 and 55 in. It is made by Clarke Charman and Co, Ltd.
of cast aluminium with an electrolytically brighitened surface, stated
by the manufacturers to have an absolute specular reflectivity of & per
cent, This surface has the advantage that it can be cleaned with a
suitable metal polish, - A this depdsit of material from the arc'forms
at the top of the mirror but this is easily removed -and, although no
dowser is used,there have been no signs of, damage to.the surface from
material eaected by the arc after 250 hours .use,

-



LYy
-3

The mirrar is fitted in a frame mounted in a three point
suspension allowing it to be tilted in two directions. This mounting
remains stable in spite of fairly high temperatures attained in the
lamphouse and no movement of the focal spot occurs when the equipment
becomes warm, '

\

2.5, Shutters

The main shutter is attached to % e front of the lamphamise (plate 3)
and is about 31 in. from the pole of the mirror, The design is based on
that of shutters used with studioc arc lamps and is a modified venetian
blind in which alternate blades turn in opposite directions (Fig. 2).

The blades are one inch wide and three quarters of an inch apart,,
they are made of steel, chromium plated to give a durable reflecting
surface, The blades and bearings are cooled by blowing air along
channels at either side of the shutter and through annular aperatures
surrounding the blade spindles., The shutter is normally held open by
a2 spring fitted internally., .

A sheet of asbestos wood is slid behind the shutter to protect it
from the radiation when it is closed for long periods.

About 30 per cent of the beam is cbsovred by the lamp and whed the
shutter is fully open a further 15 per cent is obscured by the shutter
blades, About half this obscuration is caused by the effect of the
width of the blades on the converging beam (see Fig. 3).

When the shutter is partially open it is effectively a system of
parallel slits and the beam is divided into a number of strips of light.
However, these cverlap near the focus and no change in the intensity
distribution of the useful central portion of the beam can be detected
even when the shutter is nearly closed,

. A second shutter is used to attenuate the heam when the first
shutter is used to provide a shaped pulse of radiation. This second
shutter is similar to the first except that it is fi“ted with a worm
drive cperated by 2 handle to enable the blades to be held at any angle.

The two shutters must. have the blades of one at right angles to
those of the other, otherwise the two systems mey interact to change
the intensity dlstrlbutlon of the image. A very 51mple case is
illustrated in Fig. 4. Tire top of the image is receiving all the
light pa551ng through two slits in the first shutter whereas the
bottont half is recelv1ng light through one only, In general a strlped
image is produced. ~ Il'or the same reason a foraminated screen canhot be
used to reduce the intensity of radiation when the shutters are in use.

2.6, Solenoid

A diagram of the solenoid and return spring is shown in Fig, 5.
The coil has 12,000 turns of wire and has a resistance of about 2,500
ohms, When there is a half inch gap the solenoid produces a.thrust of
18 1b wt with a potential across the coil of 90 volts.- Rapid operation
of the solenoid is obtained by using a 200 volt power supply. This
would, however, result in an unduly long time lag between switching off
the current and openlng the shutter and a micro-switch is arranged to
put a resistance in. series with the power supply when the shutter is
closed, This reduces the potential across the coil to 50 volts,
sufficient to hold the solenold closed against the return spring.

Fig. 5 shows the variation in intensity during the opening and
closing of ‘the shutter. The opening and closing delay pericds were
made equal by adjusting the tension of the return spring, The time
interval between switching on and off the solenoid current is measured
by an electromagnctlcally operated stop watch having an 0,01 sceond
escapement, This time interval is C'Q2 seec. longer than the effective
time of irradiation of the specimen (1) but this error can be neglected.
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The attenuating screw fitted to the solenoid can be used to reduce -
the 1nto?31ty of radiation by preventing the shutter from opening
fu“'y {5 . _ ' -

2,7. Cam niechanism

The main shutter may be operated by a vush rod driven by a cam to
give a pulse of rediation having an intengity time relationship similar
to that obtained from an atomic weapon « The mechanism is shown in
platcs L and 7, -

The cam is driven by a geared D. C -shunt motor unit having a speed -
practically 1ndependent of the torque applied to it. The power is
cbtained from the main arc lemp supply. . A potentiometer in the armature
circuit enables the speed of the cam to be varied from about C+2 r.p,.m. -
to 20 r,e.m,  The calibration of this potentiometer in terms of pulse
-length is shown.in Fig, 7 but this is approximate as the motor speed
progressively increases as the potentiometer and motor become warrcr
end the votentiometer must periodically be reset in the course of a
series of experiments. A diagram of the cam is shown in Fig. 8, The
greater part (270°) of the periphery is shaped to produce the required
pulse of radiation, Part of the remainder is cut away so that in the
"rest" position the push rod falls clear of the shutter actuating lever,
In this position the shutter is controlled by tie solenocid.- {n
pressing the main contact push button the cam completes one revolution
and is then rapidly stopped by short circuiting the armature of the
motor with the field energized, The solenoid is relecased immediately
before the beginning of ithe pulse and energized immediately after it is
finished. This is arranged by three timing cams on the same shaft which ' -
stop the motor, operate the stop watch for measuring the length of the
pulse, and synchronise the solenoid with the motor,

A graph of intensity of radiation against push rod movement is
shovin in Iig., 9, Using this graph a chart was prepared showing the push
rod movement for any given angle of the cam to give the required pulse
shape, The cem'was then cut on a milling machine using a cutter having
the some diameter as thé cam follower (3 inch), It was found that the
‘peak intensity of the pulse could only be 96 per cent of the maximum -
intensity since the push rod movement from 96 to 100 per cent of maximum
is disproporticnately large and would have resulted in too steep a slape
on the cam, The maximum allowable gradient is about 50°, otherwise the
.push rod will bend,

Since the radiometer (7) had too slow a response it was necessary
to use a photocell to measure the shape of. the pulse, The arc lamp was
replaced by a car headlemp bulb.. The output from the photocell was
recorded on a drum camera for the shorter times and on a high speed pen
recorder for the longer times.

Corrections to the cam vwere made to improve the shape of the vulse
and it was found that the rcquired shape was obtained with an error in
the integrated curve of less than 5 per cent at all cam speeds.

2.8. Ignition detector

An ignition detector has been developed in order to eliminate human
error in recording the Domemt - of ignition of the specimen. The
detector is a lead sulphide vhotoconductive cell having the svectral
response shown in Fig; 10, This is more llke the spectral distributions
of the radiation from'a black body at 800°%, (the temperature of the flame)
than that Tfrom the arc lamp also shown in Fig. 9. The cell will thus
have the greater response to the flame, The cell is enclosed in a tube
which is pointed at the position where ignition is likely %o occur (Fig., 11).
This is usually in the gas stream just zbove the specimen (9), Changes
in the intensity of the radiation scattered.by smoke from the beam usually
occur relatively .slowly but ignition usually results in a sudden incresse in
radiation, The detector is therefore arranged to respond only to rapid
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incresses in radiation. The circuit is shown in Fig, 12, The pulse
produced by the differentieting circuit when there is a sudden decrease
in *he resistance of the photocell triggers a thyratron. A relay in
series with the thyratron can be arranged to close the shutter and stop
the .5top watch, The bias on the thyratron and hence the sensitivity of
the device may be changed by varying the setting of the potentiometer.

The detector may possibly be triggered by the sudden increase in
the radiation scattered by the specimen vihen the shutter is opened,
The detector can therefore be suppressed by connecting the grid of the
thyratron to earth during the time the shitter is being opened. The
detector must be reset once it has been triggered.  This is done by
pressing a button which interrupts the anode current through the

Nyratron.

.9, Timer
The circuit of the electronic process timer is shown in Fig, 13,
This incorporates a Miller Circuit, It has tvwo ranges, 0-2+5 scconds,

and O-12 s oconds

2.10. Shutter oontrol unlt and power sqpplles

The equlpment for controlllng the operation of the shutter is
contained in a rack mounted unit. The circuit of this is shown in
Piz. 14 and diagrams show ing the rositions of the main components in
Plg. 15, A list of the switch positions and terminals is given in
Appendix I. The solenoid power supply (Fig. 16) and the power supplies
for the timer and ignition detectors are contained in two separate units,

The rush button initiating the exposure of the specimen is attached
to terminals on the front panel by a cable of sufficient length to
enable the operator to watch the specimen, FPor safety, the shutter
closes immediately the nush button i1s released whatever method of
exposure is being used,

The changeover from a square rulse of radiation to a shaped pulse
is made by turning a switch, Provision is made in the switching
arrangements for the timer to be triggered by the ignition detector.
This facility is Intended for use in cxperiments on continued burning.
Both tne timer and ignition detector can be disconnected from the
- shutter controlllng circuit and used 1ndependently.

-In the event of failure of the solenoid power supply, the solenoid
is held closed by the arc lamp povier supply and at the same time a
warning lamp on the front panel is illuminated.

The number of" times the Shutter has been opened is shown on a
P. Q ratemeter, :

%,  Performance of apparatus

3.1, Intensity of radiation

The vo%ume round the theoretical focus was explored using a
radiometer mounted on a three dimensional movéble table. The best
exposure plane vas found to be 1-5 inches inside the focus., - The area
of approximately uniform radiation was a meximum in this plane but the
maximum intensity was about 10 -per cent lower than at the focus., The
distribution of intensity of radiation along the axis of the mirror is
shown in Pig. 17 and a map of lines of constant radiant intensity in the
best exrosure plane is shown in Fig, 18,

The rOuatlon of the positive carbon results 'in a cyclic variation
in intensity. The amplitude of this veries with different carbons but
is generally about e per cent of the ,mean intensity. The maximum intensity
is about 55 w/cm ; t
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3.2, Effective irradiasted area

The area cver which the intensity is greater than 90 per cent of

tiw maximum is about 3 cmZ, Experimental work which will be described

elsewhere suggests _that the system behaves as a uniformly irradiated
arca of about 2 cm?, This is less than the area at which the ignition
behaviour is unaffected by the small amount of gas evolved from the
irraciated area, The correction which must be made to ignition times
with this apparatus ig, however, much less than that necessary with the
previous apparatus ( 3 vhich had an effective area of 0-1 em?.,  Work
is being carried out to determine  the actual corrections required,

The effcet of radial conduction on the temperature at the centre of
tha irradiatfd area is negligable for bad conductors such as oak or
fibre board ) but must be considered when irradiating metals,

2,3, Effect of draughts

The shutter cooling arrangements result in some turbulence near the
specimen, This is reduced by placing an 18 inch square sheet of
asbestos millboard sbout 2 inches bebind the specimen, . This disturbance
near the specimen ig not severe enough for it to have any effect on the
ignitio? ?}mes but it may reduce the minimum intensity at which ignition
cccurs

1]

3.4 Spectrum of radiation at exposure plane

The spectrum of the radiation falling on the centre. of the exposure
plans has been measured using a gquartz monochromator with a lead
sulphide cell as a detector (Fig. 19). The intensity was not measured
in absolute units so that the emissivity of the source cannot be
calculated., The spectrum consists of a background of black or grey
body rodiation characteristic of 4O00%K presumably from the hot crater,
with additional radiation in the ultre viclet region, presumably from
ghe ball of hot gas, This gives the arc its colour temperature of

000%K. :

3.5, Efficiency of optical system

The rate of transfer of energy across the exposure plane was found
to be about 1,100 watts while the rate of transfer across the area where
the intensity wes greater than 90 per cent of the maximum was only about
150 watts, Thus only about 14 per cent of the energy crossing the
exposure plane was at a useful density.

The ellipsoidal mirror is thus a very inefficient optical system
for use in a high intensity sgurce end this explains the superiority of
the condenser relay system in spite of the smaller angle subtended
at the arc by the condenser lens and the reflection and absorption losses
associated with lenses. '

It might be possible to compensate for the loss of 1nten51ty avay
from the axis by using & specially figured mirror,
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APPENDIX 1

TABLE 1

L8

Switches in shutter control unit

when suppresion terminals are
shorted.

Number Use Position Setting - """ Notes
5.1 Main (Up orf- JSwitches both 240 volt mains and
switch £ )90 volt D.C,
' —Elown On
3.2 Pulse type | (1 Square
+ selector {
-?( 2 Cam
S.3 Open A (U@ Closed }Used to open shutter for
shutter £ )intensity measurements
tDown Open )
S.4 Timer (1 Ooff
trigger -
2 Test Timer is triggered by pressing
"test" push button,
3 Shutter Timer is triggered when shutter
' opens on square pulse or when
- timing cam closes on cam pulse.

) 4 Ignition Timer is triggered by ignition

E detector.

} 5 External Timer is trigeered by_shorting
timer trigger terminals on rear
panel, "

S5 Timer gUp Short '0=2+5 seconds
range _
EDOWn Long 0~12 seconds
S.6 Timer (1 Shutter and Shutter will close when timer
(on rear output ( external relay closes.
- panel) ¢
k 2 External only %hutter is disconnected from
imer relay,
Se7 Ignition (1 off
detector 2 Clock and shutter | Stop clock will stop and shutter
close when detector is triggered.
2_5 Clock only Sto% ¢lock will stop when detector
_ is triggered,
- } 4 External only
‘S.B Ignition (Up Short 0402 seconds
. {rear detector {
panel) time blown Long 0°05 seconds
constant
S.9 Ignition (1 off
(rear detector £
panel) | suppresion 2 Shutter I%pition detector is suppresed
. while shutter is closing with
s%uare pulse or on rising portion

S of pulse with cam pulse, .

Y

g 3 External Ignition detector is suppressed




TABLE 2

.~ Perminals on Shutter control unit

Notes

relay

.Number Desdriptioﬁ
7,4 | Main control | Connected to push-button which
indicates exposure of specimen,
T.2 To -ignition
. detector head
7.3 Bxternal Ignition detector is suﬁpressed
suppression when terminals are shorted if
u.q is zet to p051t10n 3.
Tl Timer The timer will be- trlggered when
external terminals are gshorted if S.4 1s
trigger 1 set to posltlon 5.
T.5. Timer Terminals are-qonnectéd internally
output when timer is triggered.
T.6 To stop
clock
T.7 Ignition Terminals are normally connected
detector internally but connection is
relay broken when ignition detector is
triggered.
T.8 Timing Cam Terminals are connected 1nterna11y
‘ durlng cam pulse,
'T.9 - Shutter Terminals are c_onnected internally

when shutter is open,
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DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH AND FIRE OFFICES' COMMITTLE
JOINT FIRE RESEARCH ORGANIZATION
. Station Read, Borcham Wood, Herta,
REPORT FOEM FOR INVESTIGATION ON BURNS DUE TO FABRICS
{(For noles oss completiug form ees back of cosclupe)
Name of patient P -
[ TTEM TOLS JICODE [ TCOLS [C00E TEm o
RepotNo. F15 GARMENT FIRST IGNITED 12627 LOCATION OF ACCIDENT | 39
Date B ] &3l 01 [Nighigown 1 [l A hame
SEX 12 02 |Pyjamae 2 || At work
- 1| Male 0} |Dressing gown 3 [ Ou of doors
2 | Femnle 04 |Underwear 4 (| Edsewhere
= 05 |Dress or frock 5 || Usknown
Age tyears) 1314 3 :;::m SOURCE OF IGNITION 4041
TYPE OF CASUALTY |15 || 08 |Shin o e cont fire
1 ) Faul 09 [Blous 05 | Bleetets &
lectric fire
2 | Non-fatal | U] &;‘ﬁ‘::;r 04 | il siove
. PARTS OF BODY 11 | Coat or jacket 05 || Closed siave {coal
BURNED 12 | Bedai or coke)
: ng
{Indicate alt (ther than above 06 [[Gus caoker or ring
parts burned) 07 | Clecurie conker or
1, Head 16 vivg *
1 . Onearm 7 08 ||Smoking muterials
2 | Both srms 09 ||Matches
1 | One leg 18 10 || Matehes - children
2 | Boch legs 29 _[Unkno playing with
1 | Trunk, upper front 19 THIS SECTION FOR USE OF 11 [{Candle or taper
1 | Trunk, lower front 0 FIRE RESEARCH STATION Other than sbove_
1 | Trunk. upper back 21 FABRIG —
-~ 1 | Trunk, lower back 22 Type 2829 - _—
ARFA OF BURNS 2324 Wi/em2{wg) 3p31| %9 f|Usknown
et of body area) Diatance of 3233 USE OF GUARDS 42
0] | Less than 5% i spread (Complete if mource)
'] 5-10% Time round whols 34-36 of ignition was any
- 03 | 10-15% are {sec) heating appliance)
04 |15-20m Ven. flame 3738 1 [|Guard in uve
o5 ) 20-25% speed {cminec) 2 [[Cuard not in use
06 {25-30% 3 || Unkoown
o7 1 30-355 "
08 | 35-40% ASSISTANCE TO INJURED | 43
00 |40-45¢ PERSON .
10 | 4%-50% 1 ||Orber persons present
11 | Blare than 50% o assist
2 [|No-oune present ta
DEPTH OF BURN |25 nreine
1 | Full skin thickness § ||Unknowa
2 | Partial akin Remarks
thickness
-

D5 #3007/1 180 60 7/s56¢L )
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