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Experimental work on the electrostatic
charges formed on aircraft camera film

by
J.A, Wells, A.F.R.Ae.8S.

R.A.E. Ref:- TIAP/Air,Ph/943/JAW

SU:HARY

The note gives a survey of the existing information on frictional
electricity with particular reference vo its application to "static" on
aircraft camera film. Suitable equipment for the measurement of
frictional charges is described., Scme limited experimenval work on
the distribution of charge which occurs when a dielcctric rubs con~
tinuously over a fixed surface and a method of assessing films for
liabllity to static discharge are described., Recamnendations are made
for methods of reducing the occurrence of dischargss.
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1 Inbroduc tion

The problem of static electricifty in alrcraft cemeras has been
described in an earlier R.A.B. Report'. To illustrate the mature of
the problem some examples of "Static" on aircraft cemera film are shown
in Fig.2(a), (b), (c) and (&).

.Further part-time investigation of the subject has been undertaken
by I.A.P. and Blectrical Engineering Departments, R.A.E. and, more recently,
at the University of Reading under a Ministry of Supply Research Contract.
In addition the f£ilm manufacturers, Ilford and Kodak, have been asked to
co-operate, ’

The work in Electrical Engineering Depariment has been primarily in
measuring the surface conductivity of various samples of film and in
investigating the possibllity of increasing the surface condu?f;ivi’cy.

The results of their investigation will be reported elsewhere 5. :

At Reading some preliminary work has been done in attempting to
reduce the tendency of the F.49 survey camera %o produce "static".

The work described in this note iz largely of a goneral nature
intended primarily to assess tvhe relative advantages to be gained by
increasing the film conductivity as compared vrith modification o camera
design: Some detailed work has been done in swudying the distribusion
of charge on film vhich rubs over a plate, similar to the camera pressure
plate, and also in deriving a method of assessing the effectiveness of
"anti-static" £ilm samples supplied by the manufacturers. In other
respects the work bas, of necessitfy, been rather lindited in ibs scope..
No investigation has been made of possible electrostatic induction 1
effects in a camera or of The actual condivions urder which a spark
discharge occurs.

A survey of existing literature on fricticnal electricity is
included and a rather detalled account of the erperimental work is
given to avoid unnecessary repetivion by others in future investigations.

2 General information on fricvional electricity

The fact that electric surface charges are produced when solids
slide over one another, or when their surfaces are separzted, 1s ccmmon
knmowledge and the laws relating to tThese "static! charges are given in
most text-books on elementary electricity. If the area of the rubbed
surface is A , of vhich only a fraction n has molecules actually in
contact, (since bthe surface is rough compared with molecular dimensions)
the true contact area will be n.A . The charge produced,

Q@ =C.v = (n&/4md)v , where C = capaci®y of the opposed surfaces,

v = the electrical potential set up by electron exchange dve to contact
and rubbing and d = the distancc betieen the surfaces (distance bebween
atans). When the surfaces are separated the capacity falls to ¢ and
the potential difference rises to V so that (n4/hm.d)v = cV.

The fraction n is indeteminate, but would depe 1 on the materials
making contact and their surface finish., There is no lavw by which v can
be calculated, neither can it be calculated from a lmovm value of V
(measured exper:imen’cally) since n is unlmomwn. liost tex “~books assign
a polarity to the charges developed by friction of different materials, p
but we shall show that this polerity depends largely on the presence of
various surface films.,
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There is considerable information available on the effect of
different surface condGltions on the magnitude and polarity of frictional
charges. The following summnary, together with a brief descripbion of
some minor confirmavory experiments, provides evidence that.the film
base material camnmov be considered as a standard comodity as regards
ibs fﬁctj:p;ral electricivy properties, at any time during iss life. In
the experiments described, no preparation of the film surfaces-To make
them "clean" was attempted. Sometimes the film was new from a sealed
tin and in others it was not. In either case the initial surface conr’
ditions can be considered unknowm. ' ' ' o

2.1  Area of contacting surface

From the foregoing simple theory it can be seen that the charge
produced ill increase with increascd contact area; this has been con-
firmed experimentally by Richards3. The fact is indeed fairly obvious
since the charge produced by the ldrger areca 1s simply the sum of the
charges produced by a number of smaller arcas. In experimenting with
camera film, however, one must specify that the film is very dry (a good
insulator) and that the surface conditions are such that the sume polarity
of charge is produced over the whole surface, for a given sample of film
may producc opposite signs of charge, side by side, after friction with
the seme rubbing matverial,

I any given camera, the a=ca of molecular conbact at the various
rubbing points will degenl on the camera design and materials, particularly
the material uscd for the pressure plate. There is, however, a further
factor which is 1likcly to cousc addivional surface rubbing on the nressure
plate. The film always curls, along its length, with the emulsion inside
the curve because of differenvial expansion of the emulsion and the film
btase, This effect varies with ftemperature and humidity. The teansion of
the £ilm betwern the o roilsrs is insufficient o pull the film flat,
and consequently the £ilm will rub on the pressurc plate az it is wound
over by the camera motor by an amount denending on the clearance when
the pressure plate iz lifted., In a given case, humldity and temperature
changes will vary the area of contact and thus the direct effect of
temperature and humidity chanses on the charge produced will be modified.
Fig.1(p), (e) and (&) illustrates this point. .

The majority of films marked by "static" are affected in the
central portion only (sec Fig.2(a)), the edges of the film being seldom
marked; fran the foregoing considerations, onc would suppose tThat this
wes the result of the curling of the film (see also Section 6).

2.2 IMaterials in concact

Different maverials in rubbing contact with any one other material
produce different charges for the same amount of rubbing. Shaw?,10,1
hag attempted tvo arrange the elumcnus in a tribo-electric sexies according
%o the charges they develop when rubbed by silica, He does not clain
that the differences in the charges measured are entircly due %o the
different molecular structure of the materials since apart from other
facvors, vhe results are influenced by dilferent valucs of the fraction
of moleccular contact in = given arca of mechanical contoct, The cffect
of different materials is thus associated with a difference in the area
of molecular contact in addition %o the difference in the electron
separation resulting fran a diffurence in molecular structure.

The only work dealing specifically with the static charges produccd
by camera £ilm is that of Rome®. He found that a brass rubber produced
more charge on the film then a felt rubber. However, it will be shovm
later that the charge produced on the insulated surface from wihich T =

e
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measurement  is made, is influenced by the degree of insulation of the
rubber to earth, i.e. different charges on the film will be obtained
with earthed and insulated rubbers. In the case of the apparatus used
by Rose the brass rubber vwas definitely earthed while the insulation to
earth of the felt pad would have varied with the envirommental conditions
and would not under any conditiong have becn earthed in the same sense

as the brass rubber,

The present author has not avtempted to determine the difference
in charge obtained from different materials but has found that cork
appeared to generate charge more realdily than the other non-metals used
with a film testing device described later. In confirmation of Rose's
experiments, metals when insulated and rubbed by moving film, were also
found to collesct large charges. '

The pressure plave of the P.49 survey camera is faced with cork
(see Fip.1); this would not appear to be a very happy choice of material
insofar as static charges are concerned although no doubt it is satis-
factory for getting good surface concact between £ilm and register glass.

2.3 Surface films

One o< the major factors influencing the magnitudie and sign of the
charges produced by friction is the presence or ovherwise of surface
films, such as:~

{1} adsorbed-gas and moisture filas

(ii) acid and alkaline chemical £ilas
(iii) metallic films and streals

The effects of any one, or any canbination, of thewe may be influenced
in a complex manner by changes in the ambient temperature and pressure.

Adsorbed-gas and moisturc rilms

Debea.u.12 has inveptigated the variation of the frictional charges
with pressure (Fig.3(a)). o shows that the curve can be matched with
the adsorption isotherm and he deduces that the change of potential is
due to ghc gradual romoval of adsorbed layers of gas. Some data obtained
by Rose® for the back of Kodak air camera £ilm rubbed by folt is shown
in Fig, 3(b). Over the pressure range 80 cm %o 20 cm the variation of
charge with pressurc in gencral agrees with Debeau's resulis; the accual
potentials shovm, thourh similar, cannot be compared since they depend
on the capacity of the test apparatus and the materials used. I% will
be showm later thav the surface potential of free f£ilm after friction
with other materials unGor similar conditions is more then 50 times the
values shotm, i.e. it is 6 so 7 Kv.

In the experiments by Rose (Fig.3(b)) the pressure after being
reduced vo 20 cur was increaszed again. The effect of this was that the
charge instead of following the reduction curve increased to a much
higher value, If the pressure was again reduced the charge fell off in
a similar vay to that obbained in the initial run but for a further
increage in pressure increased more rapidly. ¥ig.Z(p) shows the results
obtained at two different temperaturcs. When the pressure was finally
increased to 76 an the charge obtained vas considerably higher than af
the start of the test. Av the lower tumperature the charge was almost
wutble the original wvalue, whon 41's presgure was about 60 cm.

B
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In some further experiments however in vwhich the felt was replaced
by a polished brasg rubber tche charge fell as the pressure was reduced,
as 1% did with felt, but when the pressure was resitored the charge
declined sharply, i.e. the effect obbained with the felt vas reversed.

These resulbs are probably related to the removal of adsorbed gas
layers when the pressure is reduced. The original charges are not
obtained vhen the pressure is restored because the original gas layers .
ars not restorcd immediately, the material taking some time to regain s
its original condition. Alternatively, the resulis may have been
influcneced by the romoval of moisturs from the f£ilm at the lower
pressures.

Fran the pracvical agpect of the effect on aircraft camera f£ilm,
the exact mechanism is nov important, the point of interest being that
with dry £ilm the charse changes with air pressure. Two deductions may
be made;~ . '

(i) The fall of potential wivh pressure may samstimes have the
effect of restricting spark discharges to a definite alfitude
layer. In the pressure range shown, 760 mm to 100 mm,
(roughly ground level to 50,000 £1) the relationship between
potential differcnce requircd vo prcduce a spark in alr and
air pressure is lincar. The actual voltage required to spark
is largely influenced by the shape, rclative sizes and
polaritics of the two chorged surfaces. In the case of two
parallel plates 3 mn apart, 23,000 volts 1s required to start
a spark at 760 rmm pressare andl 750 volts at 100 mm pressure.
A% lover pressures the relationchip is non-linear and the
minimum sparking voltage under any condition is about 300
volts., If we Cisreecprd the scale of velts in Fim,3(a) and ,
asswie thot the curve is chavacteristic of pressure frictional-
potential relationships and that the dotted curve A B shows
the sparking voltage relationship with pressure, then sparl:
discharges fran the f£ilm -vould be more frequent in the
alfivude layer 36,000 to 55,000 £%. ‘

(ii) PFrom the results of Rose (Tig,3(b)) is would appear that
increased production of stavic charge can %ake place if a
fall of pressure is Tolloved by a rize in pressure. In its
application %o air ohotosraphy this means that "static" is
likely <o occur when a Hhovtographic run is made immediavely
after the aireralt has reduced helght for scme reason, such
as after climbing over mountainous recions on the outbward .
£light,

.
! Shaz” found thnt layers of moisture could affect the charges
produced in a way wiich varied with the amouns the surface was rubbed.
For example, he found that if zinc 1s rubbed on clean dry glass the zinc
at first takes up a posivive potential, vwixch wivh continued rubbing
falls to zero and finally becomes nezneive, I, however, vhe glass is
blown with water-gsaturmved alr the charge on the zinc is negatvive at the
start and with continued rubbing this negative charge is increased and
reaches a higher value than either tvhe posivive or negative peaks obbained
with_the clean dry glass. In his experimensvs rivh aircreft camers film
Rose® found that in a hunid atmosphere the charges on the film were
sreater thon in o dry adnosphere, vhen rubbed either with fclt or brass.

It would appear that moisture films will affect the charges produced
appreciably with a tendency wo increase them., In alrcraft the normal R
tendency of the reduced pressurce &b high alvivude vould be to remove
moisture films and therefore reduce charging., Hovever it may have quite .

-6~
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the reverse effect if the surface exposed by removal of the molsture

film is capable of producing more charge than the moigture f£ilm, Another
factor to be congidered in removing moisture filmg ig that the insulation
of the material will be increased and consequently charges will not leak
awvey. The film used by Rose in his experiments was mounted on an
insulating stand so that there was no leakage of charge.

In practice there will probably be an optimum value of humidity
for any particular roll of film at vhich most charge will be produced
by a given type of friction. It is probable also that the intensity
of any discharges which do take place will be influenced by non-uniformity
in the moisture content of the surface. DPatches of £film with a relatively
high moisture content may he insulated by the surrounding £ilm which is
relatively dry. Again, the edges and the outside layers of a roll will
lose moisture more quickly than the inner portion of the roll so that in
some cases film with a high capacity for generating charge, but having
poor insulating properties may be effectively insulated from earth by
the dry film surrounding it.

Acid and alkaline chemical filmg

Shaw9 has shown that the value of the charge and ifs polarity can
be affected by the presence of chemical films. This has been confimmed
by experiments with the film-testing rig shown in Fig.4 and by experi-
ments on a camera register glass. According to Shaw the acid effect is
positive and the alkaline effect negative; this assumes however that the
surface is thoroughly clean before treatment. In the present experiments
no atbtempt was made to clean the surface since the object was merely to
see whether the addition of an acid or an alkali would have any marked
effect on the existing production of charge.

The cork rubbing pad of the apparatus in Fig.5 was treated with
solutions of citric acid and sodium phosphate, altermately, to give it
either an acid or an alkaline resaction. The effect of the alkaline wash
was to raise slightly the negative potential to vhich the rubber became
charged as the film was wound over from the spool. The effect of the
acid wash was to make the sig of the charge campletely random; the
potential measured at the friction rlate being very similar to that
produced by the semple of developed film shomm in Fig.6(j). These
results could be repeated by using cltornate acid and alkaline vashes.
The cork was thoroughly dricd after each application.

Same further experiments were made rubbing a piece of glass with
cork, perspex and pieces of camera film. The glass was washed in hot
water and tested clean, with an acid wash and with an alkaline wash.

In some cases the different treatments failed to produce any change in
the polarity of the chargc. Vhen using cork and £ilm emulsion as rubbers
both alkaline and acid washes changed the normal negative polarity of the
charge to positive. The production of negative charge on the "clean"
glags surface was consistent and the results confim that the polarity
of charges produced is affected by the vresence of chemical films.

Organic films
Shaw has reported that orgenic films can affect the charges

producedm. These films or streaks are left on the surface of the
materials concerned after they have rubbed orgenic materials.

L
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Metallic f£ilms

If the camera film rubs over metal, a metallic streak will be
deposited as reported by Shaw''l in experiments with gilica. Shaw noves
that the contact potentials formed on a waterial by rubbing or surface
separation with a metal are higher than with non-mefals., This is confirmed
by Rose® who found that the charges were much higher with & brass rubber
than with a felt xrubber.

Camera film, therefore, which carries molecular metallic streaks
would be more likely to produce discharges than clean film. The effective
capacity available for the discharge viould also be increased since the
metallic streaks will, if gparldng poteatial has becn reached, discharge
campletely when brought near an earthed ccnductor (large mass at Llower
potential).

Surface gitrains

At an early stage it was noted thati 1f the ©ilwm back were rubbed
with vhe back of another piece of the same sample cf film the two pleces
of film becamec oppositely charged., Vhich nicce became positive and which
negative appearcd vo be gquite fortuitous. Shav10 Fives experimental
evidence wo show that the fricvional elecirical propzrities of a body are
changed by surface svrain and that the production oX charges after friction
between like solids is most likely caused by differential strain of The two
surfaces.

Then two sclid bodies are ruvvbed together their surfaces become
progressively strained to a limitingz value. The surface temperatures
rise with friction and surfacc strain is limited when the rclaxation
temperature of the solid is reached, the original surfacc clectrical
characteristics of the bodics then being rostored. If the surfaces are
in a state of strain after rubbing, the strain cen be rcmoved, and the
original electrical properties rcsbored, by deliberately heating the
bodies to the relaxation tempsraturc.

In rubbing two surfaces together "% is seldom that the friction
areas on the two are msimilar, consequently, unless whe relaxation
temperature has been rcached on both surfaces, they will be in different
states of strain., If the material of the two surfaces is the same, say
ccllulose acevate, then one surfacc vill produce a posivive charge and
the other a negative charge. It can be demonsirated that if the method
of rubbing is revorsed, i.e, if the surface whidi had %he larger rubbved
area is arranged to have the lesser rubbed area, then the nolarity is
reversed., The piccc of acctate which formerly produced a negative charge
novr produces a positive charge, and vice versa.

The nature of the charges produced by rubping between dissimilar
materials may also be changed tecauge of differential surface strain.

In taking some records of the surface potontvial of camera £ilm
(see Fig.6(a) and (b)) it was found that, with the parbicular roll of
; film beins used in the test, there was a definite positive charging of
the film surface vhich could be reieated falrly -loscly for consecuvive
runs over an earthed fricvion plate. If the friction plate were insuleated
the plave vook up a correspondinzly steady ncgative charge (Fig.6(f)).
When rubbing with a plece of the same film by hand however the plate
ook up a positive charpge. It was devemined that the sign of the charge
procuced vas detvermined zolely by the mubbing pressure. If the pressure
wag lighe vhe friction plate becamc ncgiively charged but with a slighctly
heavier pressurc it became positively charged. This effect may be vthe
- result of surfaco svraing or possibly it may be duc to an organic Tilm
from the cork rubder,

-3~
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HElectret effect

Charges introduced by friction on scme pieces of film are extremely
persistent and difficult to remove., If a piece of dry glass is held by
an insulated holder and then charged by friction with some other material
the charge may persist for scme time, bub a single slow wipe with the
moist palm of the hand will remove it completely. If some pieces of film,
however, are charged in a similar menner, no amount of f:Lp:J.ng or flat
contact \ath the hand will remove the charge although in most cases it
is reduced in varying degrces, and will disappear with time.

It is possible that there is an "electret" effect in the case of
these film samples. The electret is described as a frozen charge which
occurs vithin a diclectric when it is heated in a strong electric field,
If the dielcctric is then maintained at a low temperature the charge may
persisg for weeks. A description of the electret effect is given by
Adoms15 and others. .

Sha:‘lH has stated that the surface temperatures due to friction may
excecd the relaxation temperature of the particuler solid., 1% is possible,
therefore that in some cases friction can produce both the electric field
and the high temperature necessary to leave the film with a charge just
below the surface, where it will be more persistent than the normal surface
charge. The possibility of such an effect could be confimmed only by
carcful experiment using methods of discharging the film, such as ionisa-
tion or radioactive substances, which would not introduce a new charge to
the £ilm and would be offcctive ageinst surface charges only.

In an experiment with the F.49 survey camera, an electrameter probe
(see Section g was inserted through a hole drilled in the magazine
casting adjacent to the take-up spool so that it would give a reading

if fhere was any charge on film pagsing from the measuring roller to the
take~up spool. A 20 £t length of exposed {ilm vas operated through the
camera in six separatc tests. On each occasion the indicacions of the
electrometer werc almost vl samc. Somebimes a positive indication and
scmetimes a ncpative indication was given during cach run. There was no
significant accumilation of charge on the film on tho sdpool at the end
of the runs.

The film was removed from the camera and rolled ous flat on the
bench and examined for evidence of residual charge. Appreciable clarges
were found to exist on the film back., The position and sequence of the
charged areas of film wers found to correspond <with the record taken vhen
the £ilm was passced through the camera. The experiment demonstrates that
with this particular samplc of £ilm the charges were porsistent. No charge
could be detecied on the emulsion, which was also sufficiently conductive
to shield the charses on the back fran the electrometer probe.

3 Detection of static charges

In the first place a search vas made for a convenient method of
detecting the presence of charges of static electricity, on film or on
parts of the camera, and of measuring vhe relative electrical poten"cials.
The methods amlla.blc at the time werc not adaptable for measurements
ingide <the camera ro.pgpzine.

Of the methods considered, the use of an electrameter valve appeared
to be the most suitable. An instrumenc was constructed which was similar

in some respects to that degeribed by Bu.lg;i.]rr2 for detecting static charges
on rubber—tyred wvehicles at the Dunlon Rubber Co. .

5
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A diagram of the clrcuit for the electrometer valve as used in the
present investigation is shown in Fig.4. This was designed for measure-
ment, of potential and current in conjunction with .a D,C, amplifier. The
output from the amplifier can be uscd for operating a recorder for .
potential measurements, or an integrator motor for measurement of leak
of charge to carth, vhen she input circuit is comnected for current
measurcment.

-

Referring to Fig.k, the grid of the Osram ET) electrometer valve ‘
is connected %o a small circular plate carried in a polythene bush in a
metal screcning tube., In this particular dosign the screcning tube also
carries’ the electramcter valve, ¥When the contact € is made with the
grid wire the electrometer valve has a standing bias of ~4 volts. “hen
C is brokon, the grid retains this potcntial and static charges may be
detected by induction on the small metal "grid plate". The end of the
screening tube is closed except for & small central hole, of lesser
diameter than the plate and chosen to suit the charges being measired
and the distance d from the charged surface. he vhole of the grid
circuit is fully screened, the components in the hand-hsld detector tube
being commceted to the batteries and to the anode millismmeter by screcned
cable, To deboct a charge or to measure a surfacc potential the aperturc
in the screen is covered vwith a conducting plate, to give zero-ficld

‘conditions, and the contact € is made and thon broken. On uncovering

the aperture and bringing "2 device near a charged body, the potential
of the grid will be cnanged by induction and for a given distance away
the change in anode current is o measure of the potential to earth of
the charged surface being examined. The instrusent was calibrated in
conjunction with an EHT unit and 2n electrostatic volimeter.

I% should be noted that the instrument doer not measure true

surface potentials since the presence of the detector tube will distort
the field., TFor the present investiration hovever only relative values
were required.

. . . ; I 11 15

The grid resistance of whe valve is of whe ordsr of 10 %o 10 7 ohm

and there is no appreciable lsalt for v cr whree adnubes, which gives
adequate time for making measurcscats. iJor measuring leakage of charge
the grid is connected to the chorged body throuzh a high resistance (abous
50 %) and the comtact C is permancntly made. Under these conditions,
the quantity of charge leaking tvo earth czn be measured by comnecting a
small integrating meter to the oubtpuc from vhe D.C. aaplilier (sec Fig.L).
With the conbact C made and then broken a record of the potential changes
is obtained by connecting a recording meter to the D.C. aaplifier. The
permissible change in the grid bias of the clectremeter valve is from -2
to =6 volts, the output of valve and D,C. amplifier being linear over
this range. 4 narrvow insulated probe wasg constructcd for detecting charges
in morc inaccessible parts of the cmikwra, bub to kecp grid leakege to an
absolute minimum most of the measurenents were rade with the design
described here.

In constructing this apparatus it is important not %o handle the
glass envelope of the valve and to mask the valve fraz light fo avoid
photoslectric effects. Thig latter condition was satisfied in the design
of the screening tube by an "overlap" construction as indicated in Fig.l
and by finishing the surfaces near the "exposure" end of the tube srith a
matt black paint., The polythene bush, of course, vas not an effective ‘
1ight mask,

Thie ingtrument was used in conjunction with vhe film-testing rig
shown in Fig.5 o measure pobential changes and loaloge charges. As a -
gimple electrancter, i.e. with ancde current indicaver, it was also used
in the general examinavion of filmg for vheir electrostatic properties.
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¢ Technical Note No. FH.L479
L Simulation in the laboratory of the conditions for stat:l.c °
discharges in a camera ) . °

With the object of providing a method of testing whether static
discharges in the camera were affected by chenges in camera construction
or film base material, some atiempts werc made to simulate the* conditions
under which the film was marked by discharges. It was Imovwn that, if
£ilm were thoroughly dried in high vacuun and then roughly handled,
discharges would occur and afber dcvelopment the negatives of some of
the samples would be marked. This Treatment seemed too drastic as a
test practice for films since improvements in £ilm material, while they
might prevent static under the worst treatmont experienced in a camera,
might fail under such severc conditions. It was decided To limit the
conditions to vhat vas judged wo be The worst aireraft conditions for
static. A bricf description of the test follows although iv vas
unsuccessful. From the four attompts made, two with an F.45 survey
camora which had produced bad "gtatic" in tho air, and two with the

F.2l camera, only two or three faint marks were ob'calned writh the F.49
and nonc ag ail with the F.24h. Devails arc given in the-Table on Page 12.

In the tests on the F.24 camera the humidity was raised during the
run to test vhether dry film on the roll operating into & more humid
atmosphere would nroduce static marks more easily. The drying to vhich

he Tilm was subjected vos certainly equal to the wrorst conditioms likely
to obtain in service and the condivions must have been similar, at one
stage during the run, vo those I‘CV‘O-ll:.ng in an ajrorafs.

At a later stage in the investigation it vas found that samples of
"standard" film varied considerably in their electrostatic pro_pervles and.
the varticular roll of film used in any given condivions must have a
large influence on the static charges produced. In reviewing the various
surface condivions affeccrting vhe charge produced (Section 2) it is evident
that they could not be controlled durlno' manufacture, Failure %o produce
marks on the £ilm under a simulation of alrcraft conditions is attribubed
largely to the fact that the rolls of film used for the tests could not
be presclccved for their clectro-stacic propervics.

5 Static-inhibiting agents and increased conductivity of
the £ilm base

Iv is evident that were the fili conductinzg on both sides 1little
trouble would be experienced fram static discharges. Conducting is used
in a relative sense and it is considered that at hmmiditiss down o 40%
the emulsion side of standard film is sufficiently conduceing. The rate
of leakagc of charge must be sufficient in reclation vo dhe surface capacity
to prevent the povential reaching a sparking wvalue. The back of the film
is vhe surface most likcly to give trouble and fortunately this surface
should be simple o treat in scme mammer, Treating of the cmulsion side
of the £ilm mizht possibly prove a more difficult problem. The inclusion
of zalts in a gelatine sub-layer had becn mentioned to the £ilm manu-
facturers during discussions at R.A.BE. but such a process was not approved
because of the possibility of the gelatine becaming sticky from molsvure
excess. It appears That the difriculvies in using a salt may be overcane
since Brivish Patent Specification ITo.6363275, describes & method of
applying the salt of a bi-guanide compound in various arrangements, either
on the emulsion sidc or the back of the film, The way in which this salt
reduces static electricity is nov disclosed, i.e. vhether the effect is
purely %o increase the conductivivy of the film or to reduce the contact
potentialsdsb when the £ilm is rolled or is pressed invo contact wich
various parts of a camera, with or writhout mechanical sliding between the
surfaces,
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Technical Hote No. FPH.LT7S

British Patent No.678%29 describes how an alkali metal or ammonium
salt of & condensation product of formaldehyde and napthalene sulphonic
acid is included .in the silver salt cmulsion layer vo make it anti-static
Since this proccss seems co lcave the back untreated it is difficuls to
see how real improvement can be exzected.

1L

The static electricity nuisance is general in industries such as
paper mills, runber, nylon and plastic menufacture and there are many
anti-static agents on the market and under developmentZ, oI, It is
evident from the literature available that the problem is difficult to
solve purely by modifying vhe design of machinery which handles the
diclectrics concerned. .

The Air Survey Co. Lid., state that they have derived some benefit
in reducing static by treating the register glasg and other parts of their
survey cameras with & perspex polish marketed by I.C.I. and O'Cedar.
Messrs 0'Cedar have stated that the polish comprises an emulsion of fats
and waxes with the addition of an alkaline wetting agent; they also supuly
an "Anti-Static Polish Ne,32" vhich contains a lower proportion of wax
and is easicr to anply than vhe persnex nolish.

In %ests at R.A.E. the perspex polish reduced static charges in
some cases but not in others, although condivions as regards temperature
and relatvive humidity vere the same. Polish No.32, however, has been
found to eliminate all approciable charge at R.H. values above 40f and o
have some effect at values as low as 10%. The action of these polishes
in reducing charges is twofold. In the presence of moisture in the air
an electrolrvic film is formed evenly over the surfaces by the action of
the wetting apent. With such a continuous conducving £ilm any charges
formed would leak to earth, Additionally, depending on the nature of
the wetting agent, the £ilm may be svatic inhibiving by reducing the
contact potentials in relation to other materials., The effectivencss
of static inhibitors is detemined by the quantity of the inhibivor
added vo thoe surfacc up to an amount where the fomation of charge is
negligible., With some inhibivors the charge developed is crclical and
seems to devend on the provision of successive molecular layers on the
surface of the diclectric so that increasing layers may result in a
change of the sign of the charges developed (sce Section 2). Inhibitors
“ith a high dielectric constant are the most effective when only thin
layers are attainable., Digtilled vater is good in this respcct®.

Fandom resulss given by the perspex polish can possibly be explained
from the foregoing data, i.e, the difficulty in retvaining the correct
amount of inhibitor in the final polished layer of the film surface and
the possibility that the inhibiting action of the aqueous solution formed
on the film is of the tvypc vhere the charges developed vary in a cyclic
manner depending on the molcecular thicknesses of the layer.

Tests showed that the formation of static was reduced by both the
polishes but the action was found o be primarily one of increased con-
ductance depending on the hygroscovic action of the wetting agent in
spreading a conductins layer over the film surface. Polish No.32 was
more effective in this respect.

It was considered unlikely that the polishes would have any lasting
effect vhen applied to camera parts; laboratory tests with the F.55 camera
confirmed this,

Same bad static was experienced during survey photography in Cyprus
but application of the polish to the register glass of the F.49 camera
failed to improve matbers, tad static marks being present on developed
£ilm fran cameras to vhich the polish had been applied. '
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Mechnical Nobe No. FH.ALT9

While it seemed improbable that the polish could be used %o provide
a surface laycr on the £ilm back in menufacture, it was decided to treat
a lengbh of unexposcd film to scc if processing was affccted and to test
it for development of static charge as a means of deciding whether
increased conductivity of the back of the £ilm alone was sufficient to
prevent appreciable charges forming., The F,95 camcra was uscd for this
test, loaded with an 80' roll of film, 40! of vhich was treated with the
polish and the other 4O' untreated. Roam conditions were N.T,P. with a 1
relative mmidity between 50 emd 60%. The complete roll of film was run
through the camera and on processing no static marks werce prcscent on
eithor trecated or untreated lengths of films., In view of previous
unsuccessful tests to produce static in the loboratory this result was
not unexpected, The polish vas found not to affect the processing.

Next a roll of exposed film was treated in a similar manner and
the cemera was operated in a dark roan to detect visible static discharges.
After the eyes had become dark adapbed, occasional discharges could be
seon when the untreated portion was passing  bul there was no evidence of

-charge when the trcated portion was passing through the cemera. This

result wos maintained irrespective of which half of the film was first
passed to the take-up spool.

The foregoing operation of the film through the camera was repeated
vhile measurements were made for accumulation of charge on the take-up
spool. If thc treated portion werc paszscd through first there was no
indication of charge until the untrcated portion was reached, vwhen there
was a progressive accumilation of charge on the spooled f£ilm., In the
casce of operation in the oppositc scnse considerable charge was accumulated
at first bubt this ceascd vhen the treated portion of film was reached., It
was also noted that there were considerable ~hanges in potential from s
untreated £ilm passing through the camera tub none from the treated length.

6 Testing of film semples and distribution of charge during
winding ’

In view of the information which was available at this stage
(Section 2) and the unsuccessful attempts to produce static marks from
a camera operated under laboratory conditions (Section 4) it seemed
improbable that results could be cbtained and rcproduced vith certainty
under conditions similar to thosc experienced in an aircraft, In testing
whether modifications to a camcra had rcduced the tendency to produce
static the difficulty would be to ensure that the roll of film used in
the test had similar static properties on each occasion. Even were it
practicable, any pre-examination of the film in a dark room vould not e
permissible since handling of the film is likely to change its properties
and these changes would not be within the control of the operater.

Same samples of film, for vhich anti~static properties had been
claimed, had been received from the £ilm manufacturers, and it was
necessary to devise some relatively recliable method of assessing these
samples. The rig shown in Fig.5 was constructed for this purpose. Two
5t-inch camere spools arc mounbted on polythene insulating bushes attached
to a standard film-winding rig with thc axcs about 15 inches apart., A
cork-~facced metal platc mounted on insulating supports ig placed mid-way
between the thro spools so that when winding the £ilm from one spool to
the other the film rubs on the cork.. Facilities are provided for connect- ’
ing all or any combinmation of spools or friction plate to earth as required.

In a preliminary investigation of numerous samples of £ilm vith - :
this rig it was detomined that some Lilm induced charges largely of one f
polarity, vwhilc othoer film gave charges of both polaritics in a completely |
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Technical Note No. FPH.479

random manper, Using film which gave consistent polarity of charge it
was detemmined that the distribution and polarity were as indicated in
Fig.5(a) and (b), that is:- . : :

(a) film which made rubbing contact with an earthed surface
carried away a positive charge, while the film approaching
the rubbing surface carried only slight negative charge,
and

(b) film which wade rubbing contact with an insulated surface
carried no charge away, while the film approaching the
insulated surfece vos negatively charged.

It was further noted that if the take-up spool were insulated from
earth, it beceme positively charged vhen the rubbing surface wos earthed
but was uncharged when the surface vas insulated, Also, the feed spool
when insulated, showed a small fluctuating charge vwhen the rubbing surxfoce
was earthed but when the rubbing surface vas insulated a steady positive
charge would accumilate on scme occasions vhile on others a negative
charge would build up and fluctuate in value, sometimes with a reversal
to positive polarity.

A number of records of the potential measurements made on the £ilm
and the friction surface (cork) are shown in Figs.6(a) to 6(1). These
were made with the apparatus shom in Fig.k, i.e. electrometer, amplifier
and recording volimeter. The position of the electrometer during these
measurements was as indicated by P, , Pp and Pz, as appropriate, in
Fig.5. Rubbing was on the back of ?:he £ilm as it passed over the cork-
faced plate, The film was wound over by hand at a speed of about 1 ft/sec
tut it was Pound that variations in film speed of +10% had no appreciable
effect on the results, A comparison of Fig.6(a) and (b) shows That a 10% |
change in film speed has had little effect on the potential and that the
results are reasonably consistent.

The film samples used in these experiments were as follows:-
(4) TFigs.6(a) to (j) 2% inch nitrate base film, exposed but

not processed. Stored out of tin in laboratory for approxi-
mately 6 months.

(B) 7Figs.6(1)and (k) 5% inch nitrate base film, exposed and
processed, This was & new film sample which had been used
for laboratory tests in the cold chamber and afterwards
stored in a tin.

The relative humidity during all the testg did not vary much from
55% and the temperature wes between 13%C and 20°%¢ , as noted on the
illustrations. In examining these results it may be assumed that when
the spools are insulated the conditions are similar to those obfaining

. when the edges and outer coils of a roll of £ilm have become very dry,

thus effectively insulating the remainder of the roll from earth. In
addition to the records in Fig.6 which include the peak voltages, a
large mmber of readings of average potential worc taken with the small
integrating meter previously mentioned.

The relative potentiesls, or charge density, of the plate and the
£ilm surface for various earthing conditions of the plate and the spools

" are shown in Table I. The unbracketed figures in this table apply wo

£ilm sample (A), i.e. exposed, unprocessed nitrate base film, They ars
average values from a mmber of tests with the integrating meter and the -
recording voltmeter, The figures in brackets apply to a sample of

o 5..
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exposed, unprocessed acetate base film each value being the average of
three readings of the integrating mever. In each case a value of 100
is assigned to the film.sgurface -povential after it has rubbed over an
earthed plate. ’ *

In some further experiments, the results of which are showh by the
curves in Fig.7, the potential of the plate and the leakage charge from
the take-up spool were measured for various values of insulation resistance
of the vlate to earth. The curves merked E are for friction on the
emulsion and those marked B are for friction on the back.

Detailed explanation of the resulvs is camplicated by the fact that
electron separation does not occur at vhe plate only but also at the feed
spool as the film is unwound (sce Fig.9). Some Ffurther expérimenial work
would be necessary in confirmation of any theory advanced as %o the
mechanism of energy dissipation. However, the following general explana-
tion of the results is suggested.

By experiment (see Fig.6(f)) the plate, when insulated, reaches a

mean steady potential after a few feet of film have passed and the

otential of film leaving the plate is then a minimum (seo Fig.6(d) and
%e)). Tith some somples of film the potentvial of the surfaces leaving
“the” ihsulated plate is, within the limits of measurement, zero, as shown
in'Fig. 6(d) while with other samples it is small but measurable. When

both film spools arc carthed the votenticl obtained on vthe plate is a
maximum (see Fig,6(3)) and is reached after a few fect of film have passed;
it docs not build un srogressively during vhe winding period.

The limitation of charge density, or potential, of the plate when
it is insulated could be exwlained by leakage from the plate supports
and alons the film surfaces and possibly, also, gaseous discharge. The
limitacion of surface density on the film leaving the earthed plate could
be explained also as being a result of lealmge. Howvever, the absence of
charge on the film leaving the insulated n»late camot be avtributed to
lealmge. In fact, when the plate is insulated the presence of positive
charge on the f£ilm is dependent on lealkaie of negitlve charge from the
plate or, alternavively, a progressive inorease of negatvive charge on
the plate,

It is considered vherefore thatv for sny given fricsional conditions
there is a threshcld charge density of the place vwhich gives a field
strength of sufficient mesnitude vo balance the conbtact potentials and
thus eliminate electiron scparation from the film, i.e. the negative
charge on the plate repols clectrons (negaviva charges) and when tche
force of revulsion cquals the force causzing s:paration of €lectrons 2
state of equilibrium exists. Dopending on the £ilm sample, the combincd
result of surface leakage over tiae film o earth via the take-~up spool
and separation of charge at the take-up spool may be sufficient o prevent
the potential of vhe plate from reaching the true limiting value, and in
this case some positive charge will be carried away on the £ilm surface
to the take-up spool.

Tith the plate earthed, all electrons leak %o earth ond a maxinwa
positive charge is carricd away on the filmn; correspondingly the surface
potentials of film leaving the plate are a maximum. Again, the separasion
of electrons from the {ilm surface is limited to & threshold velue wWaere
the field strength balances the conmbact potentials, i.e. the positively
charped film attracts electrons and a point is rcached when this force
of avtraction is cqual to the forces causing separation. No samples of
filin were tested in vhich the platc became positively charged and the
£ilm negatively charged but in such a casc the cxplanation of the results
would be similar,
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An effect which would appear to be related to the foregoing has

. been reported by Gill and Alfreyl*'. In their experiments small blocks of

a dielectric were allowed to slide down an inclined metal plate into an
ingulated metal container. The metal plate was ecarthed and the charge
collected by the metal container from the blocks was measured by an
electrameter. A second metal plate was placed above and parallel to

the carthed plate and connccted to onc pole of a D,C. supply, the other
pole of vhich was earthed. Depending on the polarity of the D.C. supply
it wes found thet the charges carried away on the blocks could be either
increased or decreased. When the polarity was such that the charge was
decreased 1t was found that it could be reduced to zero by increasing
the applied voltage after which any further increase in the applied
voltage imparted a charge of opposite polarity to the blocks.

The negative charge on film approaching the plate (see Fig.6(g)
and Table I(h)) is a maximum when the plate is insulated and the feed
spool is earthed (see Table I(k)). Its presence can be expldined as due
to separation of the surfaces at the feed spool, wiere most of the positive
charge on the emulsion would leak to carth via the spool allowing negative
charge to pass away on the film, and surfacc leakage of charge fram The
plate, This negative charge is lower when the feed spool is insulated
because the portion due to separation is then dissipated locally at the
spool since the positive charges on the emulsion side of the film are
unable to leak to earth.

Referring to Fig.7 the date shown are from four separate experiments
and cannot, unfortunately, be related to one another. It should perhaps
be mentloned again that each experiment bakes timc, and results are only
found to be consistent over very short periocds, irrespective of whether
the ambient conditions arc changed or not. The curves in Fig.7(b) are
actually for leakage charge from the take-up spool but their gensral
shape 1s representative of the change in suwrface density of charge on
film leaving the plate with change in leakage resistancc of the plate
to earth, Curve B for the film back in Fig.7(b) is not typical and
is doubtless due to rather low filmn surface resistance at the time of
the experiment. As a rule the film cherge density or potential, when
the plate is earthed, has much the seme value as the plate potential
when the plate is insulated as can be seen by referring to Figs.6(a)
and (£). The curves in Fig.7(b) were the only ones available, without
further experimental work, to show that the general shape vas similar
to the curves in Fig.7(a).

It is proposed to develop a gimple theory for conditions in which
the film has relatively high insulation; this is likely to be the case

‘when spark discharges occur.

The rate of charge separation during rubbing is opposed by the
charge which accumulates on the rubbed surfaces. Since the mean distance
between the surfaces during rubhing vill be constant the rate of charge
separation, b , will bear a linear relationship to the charge density
or the surface potential, v , if no other significant factors are
present. Thus when film rubs over a fixed insulating surface the
potential of this surface will weach a limiting value, V , and the
rate of charge separation, b , will then be zero. The relationship
between v and b, for the assumed conditions, is shown graphically
in Fig.B(a) vihere Vp is the surface potential of film covering the
plate and v ‘iz the plate surface pobtential, the former being positive
and the lattdr negative, The cquations to these curves ars:-

. _ ‘_Q :
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b
- V-7 (2)
where .B is the maximun rate of charge separation; i.e. the positive
charge density on film leaving the plate is 4 maximum V when rubbing
starts and falls to zero as the negative charge density on the plate
reaches the maximum value V . It will bec noted that the arithmetical .
sum of the charge densities is constant, i.e, the potential difference

between the film and the plate remains constant.

When the plate has a leakage to earth of R ohms it is charged to
a steady voltage V. , the rate of charge separation, b , then being

equal to —f?' , the leakage current to earth. The surface pobeptial of

film leaving the plate is then Vo=V -V . Substituting »-1%3 for b

in equation (1):-~ P

Vp v
v, = 2,%
£ R "B
or
V-7
£f v
Vo = .o
£ R B
from which
V2 -
Vo =
A (3)
From equation (2) the plate potential V_D at equilibrium is given .
by:- g
Vp = Vf -V
2
v
= -7
T (&)

The curves to equations (3) and (4) are shown in Fig.&(b). For
friction on the back of the Tilm, experimental values fram I'ig.7 are:-

.Vb-

it

3.7 when R = 1

VP

i
1t

5.3 when_’ "R 3

and substituting thesé values in equation (4) gives:—
vV = 6.6 and B = 8.2
thus the equation to the experimental curve for the film back in Fig.7(b) )
is:-
43.5 - ‘
V. e seassanmeens il 6.6 |
p 8,2R + 6.6
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The curve to this equation is shown in Fig.8(c) together with the experi-
mental points. When the leak to earth consists of the plate supports and
the film surface via the spools the experimental value of V., is 6.1
(Fig.7(a)), i.e. 93% of the theoretical maximum value V = 66 . The
curve in Fig, 8(c) agrees with the exporimental points ag well as could

be expected and valucs of V , the maximum voltage, and B , the maximum
rate of charge separation, calculated from equation (4) should be
reasonably accurate in the case of normally dxy insulating £ilm.

The foregoing theory could be used as a basis for assessing the
static properties of film samples, i.e. values for V and B could be
obtained from the simultaneous equations given by substituting two values
of the plate resistance R , and the corresponding experimental values of
v, , in equation (4). Film semples giving high values of V and B
vrguld be the mogt likely to producc static marks on the emulsion.

The tests on the "anti-static" £ilm samples described in Section 8
were made before the experimental work just described and a more approxi-
mate method of assessment was used. The method is sufficiently accurate
for the purpose and there does not appear to be any justification for
repeating the tests.

It will be noted that equations (3) and (4) are for an equilibrium
condition and that capacity and inductance are not involved. It is
important to note that the pobtential difference between the two friction
surfaces, one of vhich (the film) is a good insulator, is not affected by
the resistance to earth of the other surface. The effect of leakags at
the plate is merely to change the rclative potentials to earth. This is
illustrated in the theoretical curves of Fig.8(b) which should be compared
with the practical measurements of Figs.6(a) and (f). These latter
illustrations show that the plate voltage to earth, when it is insulated,
is similar to the £ilm surface voltaze vwhen the plate is earthed.

The time~potential relationships, i.e. the transient conditiocns,
arxe not required to assess the static properties of £ilm samples vhich
was the original object of the experiment (Fig.8). They may bte important,
however, in any consideration of the optimum conditions for spark dis-
charges when friction is of short duration. In the present paper it is
not convenient to give any detailed analysis btut the general lines on
virich the equations for the transient conditions may be obtained will be
glven.

The fundamental volbage-time relationship may be obtained from
equations (1) and (2). For example, in the case of dry film (highly
insulating) which rubs over a plate with high surface insulation there
will be no leakage currents and resistance, capacity and inductance are
not involved. The surface potential is from equation (2):-

or
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.. After putbing in the condg'bions v, = 0 wvhen t =0 the solution to
this is known to be:- . = .
. Bt . .
-5 ‘
VP +V = Ve
E_—E .
- .
vy = v <e - 1> (5)
4 Bt
v T
b = —2 = R 6
2 - e (6)

Similarly, the film surface potential at any tims -t is given by:-

Bt

ve ¥ @)

Ve =

v, is negative and wvp is positive, their aritimedic sum is equal to V
a.Ic)-a;ny instant and the potential difference between film and plate is
therefore constant. It will be seen that the potential of the plate
rises and the potential of the £ilm surface decays according to an
exponential lav. '

Equations (5) and (7) would approximate to practical conditions
only vwhen the conductivity of the rubbing surfaces vas negligible. If
either surface has appreciable conductivity then a resistance term R
anG a capacity texrm C must he included; the inductance L may also
be sighificant, If L , C and 2R arc 2pplicable to the rubbed surface
only, i.e, the plate, and arc cquivalent %o o simple series arrangement
then the wltage equation would be:-

: ., [/; a)\_ Vv dav :
Ri+D . 35+ °/\:..C)—B.d{;--v (8)

vihere i is the leakage current from the nlate.

The conditions for which equation (&) is %rue could be set up in
the laboratory but they would not apply to practical conditions where the
equivalent resistance, inductance and capacity could be represented only
by a series-parallel arrangement.

Also the treawment of resistance R will depend on whether it is
due to surface or bull: conductivity of the rubbing materials. In practice
i% is likely that surface conductivities are predominant and This being so
there will obviously be a charge~density, or potential, gradient over the
rubbed surfaces. The potential will be a minimum at the earth points and
a maximum at points remote fram carth. If vwe consider this in relation
to the £ilm emulsion rubbing o dry register glass thon the potentials will
be hizher in the coentral region, i.e. there would be a lateral potential
gradient. This may explain vhy samc of the marks known to have occurred
on the emulsion side are predominantly in the centre of the £ilm. This
vould not apply vhen onc of the surfaces is rglatively a good conductor
for the potential gradient would be small. Thus in the case of friction
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between the back of the film and the pressure plate, the cork facing of
the latter has a relatively low bulk residtivity and marks would be
expected to occur over the envire film surface. It has however been
mentioned earlier that charges on the back of the film are still likely
to be higher in the centre where most of the friction is likely to occur
because of "bowing" of the film,

Attempts at a complete mathcmatical analysis of the transient
frictional~electric effects obtaining with this particular type of
friction would he camplex. In a general treatment, terms of R , C
and I would be assigned to both friction surfaces., Purther confirmatory
experimental work would be necessary, with improvemonts and additions to
the measuring equipment at prescent available. In their practical applica-
tion to the present investigation the transient effects are significant
in relation to friction vhich is of short duration. In cases where the
£ilm rubs intermittently it is obvious that the possibility of a spark
discharge from the film to an earthed part of the camera will te increased
if the potential rises rapidly and is sustained.

The film potential is a maximum when friction commences but decays
exponentially (equation (7)) vhen the rubbed surface is insulated. However
if the rubbed surface is fully conducting to earth, the potential will be
sustained vhile friction continues.

7 Conditions leading to spark discharge

The stages at which discharges can occur are:-

() During manufacture of the film.

(ii) During any re-spooling of the £ilm,

(iii) In the camera.

(iv) During processing of the film.

It is evident that there is a danger of static discharges marking
the film on all occasions vhen it is bhandled, but it is certain that the
majority of such marks are likely %o occur when the £ilm is used in the

camerxra.,

In the camera itself oharges may arise from separation charges at
the feed spool or by friction between the film and parts of the camera.

7.1  Inibial properties of the film

As mentioned in Secuion L and as would be expected from the informa-
tion given in Section 2 samples of £ilm examined in the laboratory have
shovn a considerable variation in their elcctrostatic properties. It is
rcasonable to assume thercforc that the possibility of a spark discharge
is influenced first by the particular roll of film in the camcra.

7.2  Separation charges at feed spool

It is common experience that visible static discharges ¢ -~ on
some occasions when & roll of film is removed fram a spool. Suc. Jis-
charges ave due to separation potentials, supplemented by charges already
existing within the roll as a result of friction in previous handling; in
a new roll of £ilm they are, no doubt, due entirely to separation

potentials because of the relatively long time interval between handling
ard use,
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As meationed in Secbion 6, when the feed roll is insulated and the
£ilm passes over an insulated friction surface a positive charge builds
up on the feed roll. In a dark room spark discharges can sametimes be
observed at, or near, the feed roll under “hese conditions.

When £ilm is pulled fram the roll same negative charge is carried
away on the £ilm surface, but ag winding continues a state of equilibrium
is reached in which further separation of charge ig limited by the electric
field due to positive charge absorbed by the roll (see Section 6). The
negative charge on the surface of film leaving the spool is then a minimum,
as shown by the record in Fig.6(h). The potential &ifference due to
separation of charge at the feed spool may be insulficient to cause
sparking but since film is continuously removed fran the roll i®s capacity
falls and hence the potcntial rises. The intermittent spark dlscharges
are considered to be due to the rise of potential caused by removal of
£ilm from the roll. Purther, if the film conductivity is variable a
more rapid rise of potential and more intense sparks will occur vhen
£ilm pulled off the roll is relatively conducting. When a spark dis-
charge occurs charge is lost from the roll and the charging process is
reveated to give a series of discharges vhile f£ilm is being removed from
the roll.

In practice the effect descrited would occur on rolls of film which
were effectively insulated from earth because the immer turns and edges
of the roll had become dry, Discharges could ocour at any point from the
roll to the edges of the exposure frame and would be most pronounced at
the roll if there was also friction totween tho film and an insulator
such as the camera reglster glass.

7.3 Frictional charges within cemera

It is possible that a spark discharge can occur:-

(a) between discrete areass vhile rubbing is taking place without
normal separation, or 1ift, of the surfaces;

(v) because of the rise in potential wvhen the surfaces are
separated and

(¢) if no discharge occurs as in (a) and (b) it may still do
so if the charged surface approaches low capacity earthed
conductors such as sharp edpges or points,

Discharge may take place during the actual rubbing when local
discontinuities occur in onc of the surfaces. Thus o discharge can
occur as film leaves the sharp edge of a register glass or from fiducial
marks cngraved on the surface of the glass.

Discharges can ocour vhen the camera pressure plate, film and
register glass separate from one another Jjust before the windover occurs,

The major facbor in this case ig the change of capacity and the
resultant increase in potential. It is alsc possible that the raising
and lowering of the pressure plate mey increase the charges by induction.
In the experiments described in this note, in which The friction has been
continuous, no induction effects have heen experienced. In Fig.5, if a
plate of ingulating material is placed above and parallel to the original
cork-faced plate, to simulate whe register glass of the camera, the .-
production of charge iz not affected. This is true vhether the upper
plate rubs the £film either intermittently or conbtinuously. For example,
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if the lower plate is earthed the measured charge passing away on the

film to the take-up spool is the same as Ehough»the upper plgte were not
present. It vould appear from this that any induction effects operating
are masked by the frictional effects on the film (see end of Section 2).

°

The chance of a discharge occurring between £ilm and pressure plate
is not appreciably affected by the insulation or earthing of the pressure
plate, since the potential difference is not changed (Fig.8). On the
obher hand, the possgibility of discharges to other parts of the camera
might be reduced by choice of the resistance to earth of the pressure
plate or other rubbing surfaces. Thus the maximum potential, positive
and negative, to earth will be halved if the resistance to earth has a
value of about 0,5 x 101! omms (Fig.8). '

Rose8 has shovn that mere insulation of the rubbing surfaces is
ingufficient. He describes same air photography in which certain cameras
were provided with insulating celluloid covers over the pressure plate and
bakelite strips over the metal edging of the register glass, while other
cameras uscd during the same period were ummodified. Records of 75 rolls
used in the modified cameras compared with 909 rolls used with the unmodi-
fied cameras showed that cameras provided with insulation had 8% of the
rolls marked with static vhile the ummodified cameras had 1% of the rolls
affected. However, the static marks experienced with the modificd cameras
were more severe and classing the marks as "slight!, "medium" or "oone
siderable", 6%of the modified cameras had considerable static as compared
with 4% for the unmodified cameras., In some further limited photography
with cameras provided with insulated rollers, used in conjunction with
cameras provided vith the nommal me®al rollers, static marks were obtained
with the insulated rollers only. In this case it was eviden® that the
static was directly due to the insulated rollers since the marks on the
film coincided with the ribs on the rollers. ’

In the case of the take-up spool, with film passing over an earthed
friction surface, charge tends to build up on the spool vhen the leakage
to earth at the spool is small, but the process of winding on the film
is unlikely to prcmote a discharge on the roll since the surface potentials
fall as the £ilm goes into the roll bccause of the increase in capacity.

No discharges could be observed on either the feed or the take-up spool
when the film was wound over an earthed friction surface.

Other discharges can take place from the charged surface of the
film as it passes parts of the camera, particularly at points and sharp
edges, or other low-capacity earthed electrodes., Discharges of this
nature are likely both fram negatively and positively charged £ilm, i.e.
fram film approaching the friction surface and from film leaving the

fristion surface. However a discharge is more likely to take place from

the positively charged film since the sparking volbage required for a
small gap is less vwhen the low-capacity electrode is negative.

In rolls of £ilm spoiled by static the marks usually start about
halfwey through the roll., The main reason for this is considered to be
the chenge in the insulation to earth at the spools as the film is
transferred. Thus before the camera is operated the resistance to
earth via the feed spool ig a maximm while at the take~up spool it
ig a minimum, As the film is transforred between the two spools the
feed spool resisteance docrcascs and the take-up spool resistance increases,
the resistance of the two leakage paths being equal when the spools are
half full, the total resistance to earth then being o maximum, With the
high insulation associated with dry film the effect would not be important
but, from the work of Rosed , dry £ilm, although it gives minimum loss of
charge, does not give maximum production of charge. Fig.é(a) and (c)
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illustrate that in the case of friction on an earthed surface the charge
is higher when the spools are insulated. The major factors controlling
the £ilm conductivity are temperature and humidity; possibly.they also
change the rate of charge scparation. Thus, considering the optimum
condition, positive charge on the film after it has rubbsd the pressure
plate (earthed) leaks to earth at the take-up spool and fails to produce
a gpark discharge, but when the spools axre half-full the resisbance to
earth is a maximum and the 1eakagc rate is reduced to & minimum. Under
these conditions the charge densitics and the poss:.blll’cy of- spark dis-
charges are a maximum,

As mentioned at the beginning of the note, the present investigation
does not cover details of the actual sparl: discharge. Little infomation
on this subject is available from other sources. The Kodak Co. in America
have stated that the forked marks on the film are caused by a negative
charge on the film; while the hazy spots (see Fig.2(a)) are caused by a
positive charge on the film. The Compeny also stated that a demln:.te
liberation of light cnergy is necessary to mark the £ilm. ‘

There is 1ittle doubt that the dlscharges causing marks on the £ilm
are largely a surface phenamenon, although in extremc cases the potential
differences may be sufficient to cause breakdovm of the base material.
The voltage required %o do this is 2 Kv (r.m.s.) per mil at 20°C and 50%
R, H. The mean thickness of the film is about 0.0065 inch so that the
breakdown volbage will be about 13 Kv (r.m.s.), i.e. a D.C. potential of
about 18 Kv would be required, This is twice the value of anything
measured in the present experinents vhore the measured values would be
higher than those obtaining in a camera for the sane charge density.

8 Test of manufacwurers "Anti-static" film samples

Five samples were received frcm hessrs Lcdak and one from Ilford
Ltd,

The samples from Kodak had tix btreatment applied to the emulsion
side only. The nature of the treatment has not T2en described by the
manufacturer,

The sample from Ilford vas provided vith a conducting backing
consisting of a thin layer of graphite applied in a coating of resin,
The resin is soluble in an alkaline solution and the graphite is intended
to come off with the resin when the film is processed.

8.1 Method of testing

It was decided to assess the stavic propernes of the samples in
accordance with:-

(i) the relative pobtentials produced during unspooling after
removal directly frori the manufacturers sealed tin,

(i1) +the relative potentials induced on the fricvion plate as
the film passed over it (see Fig.5(b)) and

(iii) the quontity of charge '»f'ﬂlch leaks avmy when the plate is
earthed,

In measuring the unspooling potentials, test (i) above, the film
is wound directly between two spools wrivhout friction on the pla'be the
measuring probe of the electrometer is nlaced 2 am from the edge of the
£ilm and 10 am out from the spool axis.
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The potential to which the plate is raised is measured in a o
separate test by placing the probe 2 om from a small disc, 3 e in
diameter, attacked to the plate,

The charge passing to earth is measured by connecting a 56 megohm
leak to the plate and the voltage drop over this resistance being pro-
portional to the current, and the product of current and time proportional
‘o the total charge separated by friction. The charge was recorded by a
snall integrating meber used in conjunction with the apparatus shown in
Fig.lL.,

Temperature and humidity were constant during any one set of tests.
For all the tests the temperature was 19° to 20°C and the relative
humidity was between 50 and 554,

8.2 Results of tests

The results of the unspooling tests are shown in Fig.9; the peak
potential for each samole is ftaken fram these curves and shown in the
first column of Table II.

The potential to which the plate is raised by each sample when
friction is on the back of the film is shown in Table IT; the corres—
ponding values for the emulsion side of the £ilm are shown in Table IIIL,
These are average values of relative pobential taken by means of the
integrating meter, each fizure is a mean of three tests.

The charge which leaks to earth at the plate when friction is on
the film back is showm in the last column of Table IT. The values vhen
friction is on the emulsion are shown in the last column of Table IIT.
Fach figure is a mean of three tests.

8.3 Method of agsessment

Before malking any assessment of the various samples the following
points are noted:-

(i) The figures given for potential are merely for comparison
with the value obtained from standard film under the same
test conditions. They are not equivalent o the potential
differences vhich may exist between the film and various
parts of the camera when the £ilm is used in a comera.
Standard film is known to be capable of producing discharges
viich mark the film, so any f£ilm which has gimilar character-
istics will behave similarly.

(ii) If the polarity of charge from separation at the spools is
of opposite sign to that induced by friction on the plate,
then it will tend To lower the measured plate potential
because of local leakage over the film surface., However,
there may be an increased chance of discharges at the feed
gpool with a film having these characteristics for positively
charged £ilm will be approaching a negatively charged register
glass,

(1ii) The date in the different columns of the table were taken at
different times and hence one column of figures cannot be cam-
pared with another. The temperature and humidity were similar
throughout all the tests but the £ilm surface conditions may
have Dbeen quite different. As an example, the total charge
vhen friction was on the emulsion appears to be greater than
when friction was on the film back; the data shown cannot be
accepted as showing this effect; no separate test has been
made in the presen® work.
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The intensity of any marks made by static discharges on the film
is likely to be proportional to the energy available, i.e. to —} Qv
where Q is the quantity of electricity taking wart in the discharge
and V is the potential difference hetween the spark gap surfaces.
The samples are first qualified as capable of producing a sparking

" - potential if the potentials measurcd are of the samc order as that of

standard film, ZXach sample is then allocated an encrgy factor which is
the sum of the product of potential and charge for the emulsion and
potential and charge for the back of the film.

In Table IV the enerpy factor found for the semple of standard
£ilm used in the tests is expressed asg 100 and listed with the corres-

ponding figures for the samples. The potentials developed by the Ilford
graphive film are so low compared with standard film that 1% is considered

unlikely that sparking potontials would be developed under normal con-
ditions., From the resulits it is obvious that the treatment to one side
of the film has also affected the potentials develoned by the othor
side. The most likely explanation of this is that the conductance to
earth via the spools has been increased by increased conductivigy on
one side of the film. Whatever the explanation, the application of

the results is not affected since the arrangement of the test rig is
similar to'a camcra and the same result would therefore obbtain when the
film is operated in a camera,

The sample least likely to give trouble fran static discharges is
the Ilford graphite-backed film., OFf the Kodak samples, No.4371 should
prove relatively free from stabtic troubles,

It is important to note that although increased conductivivy of
the £film will eliminatc it as a source of static electricity it may
still be marked by discharges if it rubs on insulaved parts of the
camera such as the register glass or insulating rubber rollers.

8.1;. . Pho‘bogr'apidic processing of Ilford graphite-backed film

The graphite backing is not ctrictly "soluble" in developer, but
in presence of alkali the resin vehicle is softened and can be removed
by gentle rubbing or by a water-spray. Without mechanical assistance,
however, the backing remains on the £ilm, Experiments were made with

dish and machine development to simulate practical processing conditions.

A 25 foot roll was processed on the Continuous Film Processing Machine

Mark 5 (no spirit bath), Part of the backing came off in the developing

fixing and washing tenks but an appreciable quantity remained to be
removed by the squeegees., VWhile very little trace was finally left on
the film it is not considered that convinuous running would be satis-
factory because the squeegees vould rapidly becane clogged. In dish
experiments simulating spool-tank development it wags found that except
in areas vwhere the film had been handled or rubbed the backing did not

-come off and special wiping under water was necessary to remove it.

Sufficient film vms develoged %o simulate 5000 feet of 95" wide f£ilm
processed on the continuous machine, and the accumulation of graphite
sludge was such that special filtration would obviously be nccessary,
especlally in a spray machine such as the Type 6.

While this first experimental baclking is not a practicable
expedient, the principle should be given further test.
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Applications to cameras and £ilm .

Camera design for use with standard film

().

When the £ilm is wound over hebween exposures the clearance
between the pressure plate and the register glass should be

" - ag large as possible. If we assums the film to be flat and

(3i)

(131)

(iv)

(v)

(i)

without -sag it ghould lie approximately midway between the
pressure plate and register glass surfaces.

The 1ifting mechanism of the pressure plate should censure
that in the retracted position the plate surface and the
register glass surface are parallel.

The switch or contact mechanism controlling operation of the
ocamera. motor should ensure that there is no posgssibility of
film movement except when the pressure plate is fully lifted.

The feed spool should not be permitted to over-run at the
end of the windover. Some foxm of brake actuated by the
tension in the £ilm should be provided.

With regard to the material used for facing the pressure
plate no definive recormendation can be made at the present
stage. With standard film the greatest production of stai;lc
charge can be expected at this point for two reasons:

(a)  The "bowing" of the film tends to increase the possi-
bility of large-area contact with the pressure plate.

(b) The back of the film, which faces the pressure plate,
is the surface most likely to produce large charges
under all bubt very dry conditions.

Fran the information aveilable at this stage, a suitable
material should have the following characteristics:i-

(¢) It should mave a surface resistivity vhich changes with
temperature and humidity in much the same way as does
the film base and such that the resistance to earth
from a piecce of conducting film resting lightly on the
surface is about 0.5 to 1.0 x 10'1 omm at 20°C end 50%
R,H, The resistence to carth of fthe pressurc plate on
the F.49 camera is 0.5 to 1.0 x 108 ohm only.

() The charge vhich it induces on the film base material
should Te as mmall as possible. No experimental work
hos been done on different plate facing materials and
surface contours, It is noted that cork is particularily
effective in producing static charges and that the
conducting cork facing used on the F.4Y camera is bad
in this respect.

With the exception of the feed roller(s) and the measuring
roller, other points of contact with the film can and should
be eliminated, ALl the rollers should be faced with the same
material as the pressure plate, or with a material having
similar chareacteristics.

Corners and edges of all parts in contact with or near the
£ilm should be rediused to smooth contours and surface finish,

]
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The norfiel surface resistance of the register glass should
be reduced to much the sam® value as the pressure plate,
The problem is more difficult because a durable conducting
film which does not impair the light transmission must be
provided. The most likely process ig one in which a trang-
parent coating of stamnic oxlde or bismuth oxide is applied
%o a heated glass surface. The light %ransmission is
unlikely to be affecied by this process but there is some
doubt whether the exact degree of conductivity could be
obtained.

degign for use vwith conducting film

(i)

(i1)

(114)

If the £ilm is conducting on both sides, i.e, .the resistivity
is less than 1010 ohm/unit sq on both sides, then all the
camera parts likely to be rubbed by the film should be con-
ducting also. With the parts concerned making light contact
with the conducting film, the resistance to earth should be
less than 1010 okm.

With £ilm which is conducting on the emulsion side, the
register glass should be made conducting as desorlbed in
Section 9.1 (V:L:L:L) hut in this case a high degree of con-
ductivity can be accepted provided that the treatment does
not impair the light transmission of {he glass.

If the film back is conducting, rubber coverings used for
rollers to increase adhesion with the film, should be of
conducting rubber similar to that manufactured by the

Dunlop Rubber Co. This rubber is made relatively conducting
by a modification of the methods used to incorporate the
carvon black during manufacture.

The conducting rubber cannot be recamended for a
camera using standard £ilm since its conductivity would
need to be controlled to quite close limits. Although it
is possible to grade The conductivity of the rubber in its
initial state, therec are large changes of resisvivity with
temperature and surface strcss.

£1lm

9.3 Camera

The following recommendations are made in connection with camera

films~

(i)

The surface resistivity of the £ilm back, and preferably
also of the emuls:.on should be reduced so that it is not
more than 1010 ohm/unit sq under any condl’clons. A ‘treatment
of the £ilm which reduced the resistivity to 1011 ohm/unlt sq
would be useful but it is doubtful vhether values higher than
this would give sufficient relief to justify the costs of the
additional processing of the film in manufacturec.

The further recommendations, (ii), (3ii) and (iv) are less effectivo

alternatives

(i1)

to (1).

Considerable relief,.and probably complete relief under
most conditions, would be given if {the £ilm back resistivity
only vere reduced to the value recommended in (i). In this
comnection it is recommended that further work should e
done on the Ilford graphite-backed film to improve the
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solubility of the coating and possibly to reduce the amount
of graphite applied. This recommendation is conditional on
the graphite coating process proving economic and no better
form of conducting film being available.

(iii) Purther tests of samples of Kodak "anti-static! film No. 4371
should be made., The Kodak Co, have not madé known the treat-
ment given to their samples except to state that the emulsion
side only has been treated.

(iv) The back of the film base material should be treated so that
the film ig flat under all conditions, to reduce the chances
of rubbing during passage between the pressure plate and the
reglster glass of the camera, In this comnection it is noted
that the graphite~backed film is considerably flatier than
normal f£ilm,

10 Future investigation

If it is accepted that the only real solution to the problem is to
make the film and certein camera parts more conducting, then future work
should be devoted to methods of increasing thiz conductivity, If the
conductivity of both sides of the film can be conveniently increased so
that the surface resistivity is not greater than 1010 omm/unit sq, then
simple resistance measurements are adequate in deciding whether an "anti-
static" film is acceptable.

If only slight conductivity and/ or other changes in the film
characteristics are econamic commercially, then test of semples should
be based on the principles outlined in Section 6.

Other lines of invegtigation vhich may prove useful are:-
(1) Details of the discharge such as:-
(a)  the energy required,
(b) the film surface condition,
(o) the side of the film on vhich it takes place,
(@) the potential difference required,
(e) induction effects.

(ii) Suitable facing materials or surface treatments for places,
such as the pressure plate, vhere friction canmot be enbirely
avoided.

(1ii) The possible use of "de-staticisers", which produce ionisation
of the air in the magazine, The Shirley "de-staticiser" used
in the nylon industry produces ionisation and is very coffective
in causing charge to leak away. The objections to its use in
a camera are that 1% roquires 12 Kv positive and negatiwve
potentials; morecoever it is not clear that it would prevent
discharges during actual rubbing. Preliminary tests with
thermionic ionisation have not been very promising. Radio-
active methods have not proved suitablel. Spark-gap ionisation
also requires o high potential supply fo each camera.

|
|
l



t
|

9

e ° Tochnical Hote No. PH.A479

(! Coneclusions

. -] L]
The primary conclusion is that static electricity discharges will

not be eliminated excepbt by increasing the conductivity of the :f‘:.ln and

© of the 1nsulamng components of the cameras, .-

I-/Io_rc detailed conclusions arc as follovs:~ . X

(1) The discharges arc local surface phenamena vhich occur during
friction, or when the surfaces part during friction, or when
the charged film approaches sharp edges or points immediately
after friction. A proportion of discharges may also occur as
film is pulled off the spool.

(2) The conditions necessary for an actual spark discharge are
oritical. They occur vhen the nmmerous factors affecting
the production and retention of charge combine to give an.
optimm charge density and associated capacity.

(3) ™o produce charges it is necesszary for one only of the friction
swrfaces to be a mood insulator., In practice this may be the
back of the film, the rogister glass, the rubber-covered
measuring roller or similar items.

(4) The film emulsion is not o serious source of static.charge
except under susinined dry conditions., The film may be marked
from the emulsion side by discharges from other insulators
such as the register glass in the camera. It may also be
marked from the aaulsion side by separation chorges as film .
is pulled off the apool.

(5j One of the major factorg deciding whether a spark discharge
will fake placgc is the rate o« vhich. the charge can leak away
from one or both surfaces. o :

(6) During cperation in the camera the leakage of charge is a
minirm when the two spools are half full. The fotal insulation
to earth is a maximunm under these conditions and the surface
potential of the filn is therefoare also a meximun., In practice
the static marls on a roll of fili have usually storted half-
vay through thc roll.

(7) The morks on the film are usually confined to & central track
along the length of the film. Where the morks are due %o
discharges on the back of the film this is attributed to the
fact that friction is most likeoly in the central region because
of bowing of the film arising from unequal expansion of the two
sides. Where the marks arc due to discharges from the rcgistor
glass it is attribuved to the existence of o potential gradient
on the register gless and the emulsion surfaces, the resistance
to earth teing greater at the centre of the surfaces.

(8) The most efficient way of preventing the disclharges is to
increase the conductivity of the film and of the camera
friction surfacez, For praciical purposes it would be sufficient
$o increase the conductivity of the back of the £ilm only.
Trouble from the omulsion is only likely if the £ilm has been
dried out by prolonged storage under dry conditions with
imperfect sealing of the ¥in, Increased conductivity of one
side of the £ilm will reduce the maximum charge density on
the other side by increasing the conductivity to earth via
the spools {sec Ilfor& E;'D&’Oh_'l.'ﬁe backed £ilm, Table III)

30
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(10)

(11)

(12)

(13)

(14)

o
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The resistivity of the film surfaces and 4ny insulating parbs®
of the camera, vhere friction is possi®le, should pe reduced =
to a value not exceeding 10 0 ohm/unit sq. Retention of a

high charge density on the surfaces would not then be possible.

The use ofcsta'i:ic-inhibiting agents on camera parts guch as
the register glass is not recommended. In theory their
effectiveness 1s dependent on the application of a critical
thickness of layer; because this is impracticable laboratoxry
and field tests have not been reliable.

The production of static charge may be increased by fluctua~-
tions of atmospheric pressure, as when the aircraft changes
height. In addition the discharge is facilitated by reduced
pressure. It is likely therefore that the occurrence of
discharges will be reduced if the camera bays are pressurised.

Laboratory test would be adequate for deciding whether given
combinationg of film and camera are likely to produce charges
capable of marking the film. Tesbs on several samples might
be necessary to cstablish the comsistency of any process
applied o the film, alvhough the number of tests considered
necessary vould depend largely on the results obbtained with
the initial samplcs.

Any treatment of the film surfaces intended %o reduce the
production of stotic charge without increase in the con-
ductivity is likely to prove unreliable because of contaminafing
surface films,

In laboratvory measurements, the electrostatic properties of
different rolls of film have been found to vary considerably
and the occurrence of "static" in Service cameras may be
influenced appreciably by the initial properties of different
rolls of film and, possibly, by particular batches of £ilm
from the manufacturers.

Typical "static" marks attributed to friction in the
camers, are shown in Fig.2(a) whilc the marks shown in Fig.2(b)
are oonsidered wo have occurred before the film wes used in a
camera. In Fig,2(b) it will be noted that same of the "trees"
appear to have their origin ocubside the edge of the film while
others appear to have been chopped off at the edge of the film.
In manufacture the base material is processed in a wide roll
which is then cut into widths suitable for camera film. In
Fig.2(b) the obvious conclusion is that the marks occurred
while the film vas in a wide roll and that this roll was
subsequently cut into tho ceamera £ilm widths.

The character and the distribution of marks in Fig.2(b)
is rare and it is not suggested that any bubt a very small
proportion of film leaves the manufacturer in this condition.
The proportion of what could be termed "static~prone" £ilm is
likely %o be much higher and it iz to the benefit of both
manufacturer and user %o ensure adequate .conductivity.

r
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e

LABLE T

Relative Potentials

|
3 Relative | .
Condition ' potential ’ Figure
Film leaving plate:- ]
i i
(a) Plate earthed, svools insulated +100 ; 6(a) and (b)
(b) Plate earthed,. spools earthed +75 ’ 6(c)
(+40) | -
!
(¢) Plate insulated, spools earthed 0 6(a) l
(-12) - ¥
!
(8) Plate insulated, spools insulated +15 6(e)
(+12) - ]
!
Tnsulated plato:- i !
(e) Spools insulated ~100 6(£) f
(f) Spools carthed ~150 ! 6(3) !
Film approaching plate:- 2
(g) Plate earthed, spools insulatcd (~0.2) -
(h) Plate earthed, ziools carthed -66 6(g) ,’
(-0 - :
1
() Plate insulated, spools insulated | =33 6(n) {
(~33) - i
(x) Plate insulated, spools scarthed = (-1 Og) i - ;
~56 - !
i

Note

The bracketed figures are from tests on a different sample of
Pilm from that used for the voliage records shown in Fig.6.
For each samgle a relative figure of 100 ig aszipned for

condition (a).

...3}_*_..
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TABLE IT

Electrostatic Properties of "Anti~Static

Film Samples (back)

Peak surface . Leakage charge
Filn potential in Ave?.g,e E?_tgnglal from plate in
— kilovolts during olainsi alze micro~coulomb
re~spooling plate in Lv (through 56 MQ)
Standard S.B. 2,25 ~3,0 ~0.40
Standard after
re-spooling ~2.25 - -
Kodak 4370 -2.40 ~l 2 -0, 38
Kodak 4371 ~1.20 ~1.8 ~0.18
Kodak 4372 -2,70 ~3.9 -0.72
Kodak 4373 -1.65 ~3.0 -0.36
Kodak L374 +1.65 -2.1 ~0.07
- I1ford
graphite
backed +0,03
—35m
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TABLE TIT
W

static Propertles of "Anci~Static"

“F'im Samples” (Emulsion)

fs Léakage charge
Average potential - .
‘Sample of insulated from Pla’“i 12.
lake in Kv micro-coulomb
* (through 56 1if)
v 4570 -2,70 ~0.63
|
L3571 -0, &0 -0, 37
. Loz -1.50 ~0. 67
¥
L4373 ~-1,65 ~0, 51
L37L ~2,65 ~0.72
Ilford
granhite
" backed -0.06 - - . e
Standard ~3,2F% -0.78
' i
-36-



i

0 Technical Note No. PH.479

TABLE TV

General Asseésment- of Anh.—Sta:tlcF:L]m 'Samples

Sample Relative Energy Remarks
Factor
Ilford graphite - Unlikely that spark.diécharge
potentials will develop

Kodak 4371 16

Kodal 4373 51

Kodak L3570 89

Standard safety

base : 100

Kodak 4372 103

Note - he energy factor for Kodak samplc 437k, calculated in a similar
wenner, is 62, but this sample, because of the change in polarity
of the charge from the feed spool, is probably the worst of the
five Kodak samples.
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FIG.2. EXAMPLES OF "‘STATIC'' MARKS ON FILM
FROM THE F.49 SURVEY CAMERA
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FIG.2a&b
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FIG.2c & d
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FIG.2. EXAMPLES OF ‘‘STATIC'' MARKS ON FILM
FROM THE F.49 SURVEY CAMERA
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- — FIG.3(ab)
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FIG.5@sb)

FRICTION ELECTROMETER HEAD.
I~ | PLATE. ,/
4 2! ! Pt
| N e < TTL"3
| t
’ FiLM i i 3| FILM
FEED -t )
1 | g TAKE-UP
. SPOOL ”‘_"\_ : L y SPOOL
72 : : 72
| T
- :
i
|
%
o
POLYTHENE POLY THENE
SPACER. SPACER.

(Q) DISTRIBUTION OF SURPLUS CHARGE WITH EARTHED

FRICTION SURFACE.

(D) DISTRIBUTION OF SURPLUS CHARGE WITH INSULATED
FRICTION SURFACE.

FIG.5@sb) APPARATUS FOR TESTING STATIC
PROPERTIES OF FILM SAMPLES.
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FIG.6@,bsac)
+6Kv
50' AT APPROX. I)/SEC. |
DATE: IS-[2-52. CONDITIONS OF TEST
20°C  40% RM,
TIME: 1000 HRS.
3
FILM: 24-IN NITRATE BASE, O/M
EXPOSED, UNPROCESSED. g
@
+6Kv
i 50' AT APPROX. 1//SEC, i
DATE © 5 12- 52, REPEAT OF TEST(Q)WITH THE
EXCEPTION THAT THE FILM SPEED

TIME + 1030 HRS. 15 INCREASED BY ABOUT 10%.

+6Kv

e 50'AT APPROX.1/EC, -
DATE : 15-12-52 CONDITIONS OF TEST
20°C  S5%RM,

TIME: 1037 HRS,

3
FILM: 24 ~IN. NITRATE BASE,
EXPOSED, UNPROCESSED, 1

© )

FIG6(a,basc) RECORDS OF SURFACE POTENTIALS ON
FILM DUE TO STATIC CHARGES.
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e FIG.6[des) i
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50' AT APPROX. 1/ SEC.

DATE: I5-12-82. CONDITIONS OF TEST

20°%C 55% RH.
TYPE: 1050 HOURS.

3
FILM: 24 -IN. NITRATE BASE,
EXPOSED, UNPROCESSED. ! +

(d)

Ak N

, SO'AT APPROX. /SEC, |

* DATE: 15-12-52. CONDITIONS OF TEST
20°C 55% R.H.

TIME: 1130 HRS.
N 3 { ) /M\é ( )
' FILM: 24 - IN. NITRATE BASE,

EXPOSED, UNPROCESSED.
(@)

50' AT APPROX. 1//5EC.

; DATE: 1&-12-52. CONDITIONS OF TEST
(~] ©,
! TIME 1150 HRS. 20°C. 55% RH.

FILM: 24~IN. NITRATE BASE, ,
EXPOSED, UNPROCESSED (ﬂ \

FIG.6(d,esf) RECORDS OF SURFACE POTENTIALS
* ON FILM DUE TO STATIC CHARGES.
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° : FIG.6(g,hs )

i\ 50'AT APPROX. {/SEC.
Ik | /

-BKv

DATE: 16-12-52. CONDITIONS OF TEST
© -
TIME: LIS HRS, I3C.  S5%RH.

FILM: 24 -IN. NITRATE BASE,
EXPOSED, UNPROCESSED. (Q) 1

'vr[] A ‘ 50'AT APPROX. [/5EC.

-6Kv
DATE: 16-12-52 CONDITIONS OF TEST
o 9,
TME: 1130 HRS 13°C 5570 RH
FILM: 2%-IN. NITRATE BASE, O b= O
EXPOSED, UNPROCESSED. (1

50'AT APPROX, I//5EC.

. CONDITIONS OF TEST,
DATE: 161252, 13°C. 55% R.H.
TIME* 1050 HOURS,

FILM: 22-IN. NITRATE BASE,
EXPOSED, UNPROCESSED, ( J )

F1G.6(g,hs ) RECORDS OF SURFACE POTENTIALS
ON FILM DUE TO STATIC CHARGES.
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// FiG6 ey | |

50’ AT APPROX. |//SEC.

A

Fe Ve
.

DATE: 17- 1252 CONDITIONS OF TEST.
20°G 57% RH.

TIME: 1027 HRS.
\ |

FILM: 5Z-IN. NITRATE BASE, W

EXPOSED, PROCESSED. i 1

(k) )

50 AT APPROX. |7ssc.

| DATE: I7-12-82. CONDITIONS OF TEST.
-t 20°C  57%RH.

; TIME: 1000 HRS,
o FILM: 52 -IN, NITRATE BASE W
: EXPOSED, PROCESSED. (|) L

=

FIG.6(kal) RECORDS OF SURFACE POTENTIALS
ON FILM DUE TO STATIC CHARGES.
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FIG.7@sb)’
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(b) VARIATION OF LEAKAGE CHARGE FROM TAKE-UP SPOOL
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FIG.7@sb) VARIATION OF POTENTIAL & CHARGE
WITH INSULATION TO EARTH OF
FRICTION SURFACE.
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FIG.8(a,bsc) VARIATION OF POTENTIAL OR
CHARGE DENSITY ON PLATE RUBBING SURFACE
WITH CHANGE OF PLATE INSULATION TO EARTH.
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Former reference (Department) TECH NOTE PH 479
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).
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