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Experimental work on the electrostatic
cbarges formed on aircraft camera film

by

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

R.A.B. Ref:- IAP/Air.Ph/913/Ji7

The note gives a survey of the existing information on frictional
electricity vYth particular reference to iss application to "stacio" on
aircraft camera film. Suitable equipment for the measurement of
frictional charges is described. Some limited experimental vork on
the distribution of charge vhich occurs when a dielcctric rubs con-
tinuously over a fixed surface and a method of assessing films for
liability to static discharge are described. Recomendations are made
for methods of reducing tha occurrence of discharges.
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I Introduction

The problem of static electricity in aircraft cameras has been
described in an earlier R.A.E. Report1 . To illustrate the nature of
the problem some examples of "Static" on aircraft camera film are shown
in Fig.2(a),'(b), (c) and (d).

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

The work in Electrical Engineering Department has been primarily in
measuring the surface conductivity of various samples of film and in
investigating the possibility of increasing the surface condutivity.
The results of their investigation Ysill be reported elsewhtere 5.

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

The work described in this note is largely of a general nature
intended primarily to assess th, relative advantages to be gained by
increasing the film conductivity as compared ',ith modification to camera
design. Some detailed work has been done in studying the distribution
of charge on film h'hich rubs over a plate, similar to the camera p:. ssure
plate, and also in deriving a method of assessing the effectiveness of
"anti-static" film samples supplied by the manufacturers. In other
respects the vork has, of necessity., been rather limZLted in its scope.
No investigation has been made of possible electrostatic induction
effects in a camera or of the actual conditions urder which a spark
discharge occurs.

A survey of existing literature on frictional electricity is
included and a rather detailed account of the e :perimental work is
given to avoid unnecessary repetition by others in future investigations.

2 General infonnation on frictional electricity

The fact that electric surface charges are produced when solids
slide over one another, or wfhen their surfaces are separated, is carmon
knovledge and the lawts relating to these "static" charges are given in
most text-books on elementary electricity. If the area of the rubbed
surface is A 3 of W',hich only a fraction n has molecules actually in
contact, (since the surface is rough compared irith molecular dimensions)
the true contact area ivrll be n.A . The charge produced,
0 = C.v = (nA/47rd)v , w-hrre C = capacity of the opposed surfaces,
v = the electrical potential sot up by electron exchange dtle to contact
and rubbing and d = the distanice between the surfaces (distance beteen
atons). when the surfaces are separated the capacity falls to c and
the potential difference rises to V so that (-i/L47.d)v = cV.

The fraction n is indeten-ainate, but would depe I on the materials
making contact and their surface finish. There is no la,, by which v can
be calculated, neither can it be calculated from a Jmoym value of V
(measured experimentally) since n is unlaiorn. 3,ost te. "-books assign
a polarity to the charges developed by friction of different materials,
but vM shall shov that this polarity deponds largely on the presence of
various surface films.
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There is considerable information available on the effect of
different surface conditions on the magnitude and polarity of frictional
charges. The following summary, together with a brief description of
some minor confirmatory experiments, provides evidence that the film
base material cannot be considered as a standard commodity as i-agards
its frictional electricity properties, at any time during its life. In
the experiments described, no preparation of thq film surfaces.to .m.ae
them "clean" Ypas attempted. Sometimes the film was new from a seal'ed
tin and in others it Yvas not. In either case the initial surface conr-"
ditions can be considered unlmoan.

2.1 Area of contacting surface

From the foregoing simple theory it can 'be seen that the charge
produced will increase w.'rith increased contact area; this has been con-
firmed experimentally by Richards3. The fact is indeed fairly obvious
since the charge produced by the larger area is simply the sum of the
charges produced by a number of smaller areas. In experimenting ,ith
camera film, however, one must specify that the film is very dry (a good
insulator) and that the surface conditions are such that the same polarity
of charge is produced over the whole surface, for a gven sample of film
may produce opposite signs of charge, side by side, after friction wTith
the same rubbing material.

In any given camera, the ,-ea of molecular contact at the various
rubbing points w ill depend-l on the camera design and materials, particularl3
the material used for the pressure plate. There is, hounmver, a further
factor 7thich is likcl.y to cause additional surface rubbing on the pressure
plate. The fila %l'mys curls, along its length, with the emulsion inside
the curve because of differential expansion of the emulsian and the film
base. This effect varies writh temperature and humidity. The tension of
the film betyler-i the two rol] ers is insufficient to pull the film flat,
and consequently the film w;ill rub on the pressure plate as it is wound
over by the camera motor by an amount depending on the clearance when
the pressure plate is lifted. In a given case, humiity ando temperature
changes will var-j the area of contact and thus the direct effect of
temperature and humidity changes on the charge produced wrill be modified.
Fig.1(b), (c) anr'. (01) illustratos this point.

The majority of films marked by "static" are affected in the
central portion only (seo Fig.2(a)), the edges of the film being seldom
marked; fra the foregoing considerations, one would suppose that this
was the result of the curling of the film (see also Section 6).

2.2 Materials in con'Gact

Different materials in rubbing contact -ith any one other material
produce different charges for the sane amount of rubbing. Shaw9, 1 0, 1

has attempted to arrange the el-,mcn'os in a tribo-electric series according
to the charges they develop when rabbed by silica. He does not claim
that the differences in the chaBrgos measured are entirely due to the
different molecular structure of the materials since apart from other
factors, the results are influenced by different valuos of the fraction
of molecular contact in a given area of mechanical contact. The effect
of different materials is thus associated Trith a difference in the area
of molecular contact in addition to the difference in the electron
separation resulting from a diffurenco in molecular structure.

The only work dcalin- spocifically ith the static charges produced
by camera film is that of Rose 8 . He found that a brass rubber produced
more charge on the film than a felt rubber. However, it will be showa
later that the charge produced on the insulated surface from whftich t,

-4-
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measurement~is made, is influenced by zhe deg-ce of insulation of the
rubber to earth, i.e. different charges on the film ,rill be obtained
vith earthed and insulated iubbers, In 'the case of the apparatus used
by Rose the brass rubber vas definitely earthed -:diile the insulation to
earth of the felt pad vrould hovo saried w7ith the environmental conditions
and -ould not under any conditions have been earthed in the same sense
as the brass rubber.

The present author has not aztempted to deternine the difference
in charge obtained from different materials but has fo u-d that cork
appeared to generate charge more readily than the other non-metals used
vith a film testing device described later. In confirmtion of Rose's
experiments, metals when insulated and rubbed by moving film, were also
found to collect large charges.

The pressure plaze of the F.49 survey camera is faced writh cork
(see Fig. ); this would not appear to be a very happy choice of material
insofar as static charges are concerned althouSi no doubt it is satis-
factory for getting good surface conzact bet7een film and register glass.

2.3 Surface films

One of the major factors influencing the majiitude andl sign of the
charges produced by friction is the presence or ozher ni.e of surface
films, such as:-

(I) adsorbed-gas aid moisture f"l11M

(ii) acid and alkaline chemical filmis

(iii) metallic films and streas

The effects of any one, or any combination, of those may be influenced
in a complex manner by clanges in the ambient temperature and pressure.

Adsorbed-gas and moisture films

Debeau1 2 has invotigated the variation of the frictional charge
vrith pressure (Fig. 3(a)). 1h shows that the curve can be matched with
the adsorption isothen and he doduces that the change of potential is
due to he gradual removal of adsorbed layers of gas. Some data obtained
by Rose for the bach of Kodak air camera film rubbed by felt is shown
in Fig. 3(b). Over the pressure range 80 cm to 20 an the variation of
charge with pressure in gcncral agrees vith Dobeau' s results; the ac-ual
potentials shm.m, thouci- similar, cannot be compared since they depend
on the capacity of the test apparatus and the materials used. It vwill
be show later tha- the surface potential of free film after friction

irith other materials under similar conditions is more than 50 times the
values shcman, i.e. it is 6 7o 7 Kv.

In the ex-)erinents by Rose (Fig.3(b)) the pressure after being
reduced ro 20 a. vas increased again. The effece of this wlas that the
charge instead of follening the reduction curve increased to a much
higher value. If the pressure was again reduced The charge fell off in
a similar way to that obtained in the initial rten but for a further
increase in pressure increased more rapid-y. Fig.;(b) shows the results
obtained at tv/o aifferena temperaturc. When the pressure vwas finally
increased to 76 cm the charge obtained ,as considerably higher than at
the start of the test. Ae the lowcr temperazure -The charge was almost

ble The original v aluu, n "* pressure was aboua 60 cm.
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In some further experiments however in which the felt vas replaced
by a polished brass rubber "che charge fell as the pressure was reduced,.
as it did -vrith felt, but Y-aen the pressure was resitored the charge
declined sharply, i.e. the effect obtained with the felt vas reversed.

These results are probably related to the removal of adsorbed gas
layers ;'then the pressure is reduoed. The original charges are not
obtained :ihen the pressure is restored because the original gas layers
are not restored inediately, the material taking some time to regain
its original condition. Alternatively, the results may -ave been
influenced by the removal of moisture from the film at the lewer
pressures.

From, the practical aspect of the effect on aircraft camera film,
the exact mechanisn is not important, the point of interest being that
vwith dry film the charge changes Yith air pressure. Two deductions may
be made: -

(i) The fall of potential wi-h pressure may sometimes have the
effect of restricting spark discharges to a definite altitude
layer. In the pressure range sho-vn, 760 mmn to 100 mm,
(roughly ground level To 50,000 ft) the relationship betw.- een
potential difference required to produce a spark in air and
air pressure is linear. The actual voltage required to spark
is largely influenced by the shape, relative sizes and
polarities of the t-,o charged surfaces. In the case of t-wo
parallel plazes 3 mc apart, 23,000 volts is required to start
a spar!: at 760 rxmi pressure and 750 volts at 100 mm pressure.
At lower pressures the relationship is non-linear and the
minimumi sparking voltage under any condition is about 300
volts. If -.7e disregard the scale of volts in Fig.3(a) and
assume that the curve is characteristic of pressure frictional-
potential relationships and taat the dotted curve A B shows
the sparking voltage relationship with pressure, then spar:
discherges from the film w:tould be more frequent in the
altiude layer 36,000 to 55,000 ft.

(ii) From the results of Rose (Fig.3(b)) it %iould appear that
increased production of static charge can take place if a
fall of pressure is follo;r.ed by a rise in pressure. In its
application to air photography this means that "static" is
likely -ro occur ;hen a ohotographic ran is made iimediaely
after the aircraft has reduced igr h for some reason, such
as after climbin over mountainous regions on the outwari.
flight.

Sha-,r found that layers of moisture could affect the charges
produced in a -vay which varied with the amount the surface was rubbed.
For ex*ple, he found that if zi.nc is rubbed on clean dry glass the zinc
at first takes u-p a positive potential, w-hich wizh continued rubbing
falls to zero and finally becomes negative. 12, ho-wrever, the glass is
blowvi with water-saturrted air the charge on the zinc is negative at the
start and with continued rubbing this negativo charge is increased and
reaches a higher value than either the positive or negative peaks obtained
w /iith the clean dry glass. In his experLmnents wi-th aircraft camera film
Rose 8 found that in a humid ati.osphere the clarges on the film were
greater than in a cry atuosphere, hlen rubbed either -;wth felt or brass.

It would appear that moisture films "will affect the charges produced
appreciably w-rith a tendency to increase thmi. Ini aircraft the normal
tendency of the reduced pressure at high altiudc w-tould be to riove
moisture fils and therefore reduce charging. How.,ever it may have quite

JI -
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the reverse effect if the surface exposed by removal of the moisture
film is capable of producing more charge than the moisture film. Another
factor to be considered in removing moisture films is that the insulation
of the material vill be increased and consequently charges Vill not leak
away. 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 Yrill probably be an optimum value of humidity
for any particular roll of film at wvich 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 vill be influenced by non-uniformity
in the moisture content of the surface. Patches of film vith a relatively
high moisture content may be insulated by the surrounding film which is
relatively dry. Again, the edges and the outside layers of a roll ill
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 films

Shaw9 has shown that the value of the charge and its polarity can
be affected by the presence of chemical films. This has been confirmed
by experiments with the film-testing rig shovn 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 attempt -mas made to clean the surface since the object was merely to
see ,,hether the addition of an acid or an alli woutld have any marked
effect on the existing production of charge.

The cork rubbing pad of the apparatus in Fig.5 vas treated vith
solutions of citric acid and sodium phosphate, alternately, to give it
eicher an acid or an alkaline reaction. The effect of the alkaline wash
was to raise slightly the neLative potential to which the rubber became
charged as the film was wound over from the spool. The effect of the
acid wash was to make the sigi of the charge completely randam; the
potential measured at the friction plate being very similar to that
produced by the sample of developed film shan in Fig. 6(j). These
results could be repeated by using alternate acid and alkaline washes.
The cork vas th6rouhly dried after each application.

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

In some cases the different treatments failed to produce any change in
the polarity of the chargo. When using cork and film emulsion as rubbers
both alkaline and acid iashes changed the normal negative polarity of the
charge to positive. The production of negative charge on the "clean"
glass surface wvas consistent and the results confirm that the polarity
of charges produced is affected by the presence of chemical films.

Organic films

Shaw has reported that organic films can affect the charges
produced1 0 . These films or streaks are left on the surface of the
materials concerned after they have rubbed organic materials.

-7-
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Metallic fins

If the camera film rabs over metal, a metallic streak will be
deposited as reported by Shnaw 1' in experiments with silica. Shaw notes
that the contact potentials formed on a material by rubbing or surface
separation wi-ch a metal are higher than ,-tith non-metals. This is confirmed
by Rose 8 who found that the charges vtro much higher :ith a brass rubber
than -,ith a felt rubber.

Camera film, therefore, wh ich carries molecular metallic streaks
would be more likely to )roduce discharges than clean film. The effective
capacity available for the discharge ould also be increased since the
metallic streaks vrill, if sparIcng potential has been reached, discharge
completel hen brought near an earthed conductor (large mass at lower
potential)

Surface strains

At an early stage it wras noted that if the film back were rubbed
vith the back of another piece of the same sample cf film the two pieces
of film became oppositely charged. Vlhich -iece became positive and VWich
negative appeared to bo quite fortuitous. Shawl 0 gives experimental
evidence to show that the frictional electrical properties of a body are
changed by surface strain and that the production of charges after friction
between like solids is most likely caused by differential strain of the tZwo
surfaces.

T7hen tw.o solid bodies are rubbed together their surfaces become
progressively strained to a limiting value. The surface temperatures
rise with friction and surface strain is limited vhen the rolaxation
temperature of the solid is reached, the original surface electrical
characteristics of the bodius then being restored. If the surfaces are
in a state of strain after rubbing, the strain can be removed, and the
original eloectrical properties restorod, by deliberately heating the
bodies to the relaxation tumporaturo,

In rubbing two surfaces together ".t is seldom that Uhe friction
areas on the two are similar, consequently, unless "the relaxation
temperature has been reached on both surfaces, they will be in different
states of strain. If the material of the two slurfaces is the same, say
cellulose acetate, then one surface .rill produce a positive charge and
the other a negative charge. It can be demonstrated that if the method
of rubbing is reversed, i.e. if the surface vhich had -12e larger rubbed
area is arranged to Lave the lesser rubbed area, then the polarity is
reversed. The piece of acetate -whfich formerly produced a negative charge
now- produces a positive charge, and vice versa.

The nature of the charges procuced by rubbing bet-.een dissilmilar
materials may also be changed 'a-cause of differeitial surface strain.

In talcing some records of the surface potcn'ial of canera film
(see Fig. 6(a) and (b)) it was found that, ri-h th'e particular roll of
fil- bein:.2 used in the test, there T'as a definite positive charging of
the film surface which could be rceated fairly closely for consecutive
runs over an earthed friction pulate. If the friction Dlate were insulated
the plate took up a corrospondingly steady negative charge (Fig.6(f)).
When rubbing vith a piece of the same fim by hand havever the plate
took up a positive charge. It was de-emined -hat the sign of the charge
produced was determined solely by the rubbing pressure. If the pressure
ias lightc the friction plate became nogm-ively charged but with a slightly
heavier pressure it bocme positively charged. This effect may be the
result of surfac; strains or possibly it may be dueo o a organic film
from the cork rubber.

'-8-
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Electret effect

Charges introduced by friction on some 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 7rith some other material
the charge may persist for some time, but a single slow wipe with the
moist palm of the hand will remove it completely. If some pieces of film,
howevor, are charged in a similar manner, no amount of wiping or flat
contact with the hand will remove the charge although in most cases it
is reduced in varying degreos, and will disappear with time.

Is is possible that there is an "electret" effect in the case of
these film samples. The electret is described as a frozen charge wshich
occurs within a dielectric Then it is heated in a strong electric field.
If the dielectric is then maintained at a low, temperature the charge may
persist for weeks. A description of the electret effect is given by
Adams 1 3 and others.

Shaw 11 has stated that the surface temperatures due to friction may
exceed the relaxation temperature of the particular solid. It 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 confirmed only by
careful experiment using methods of discharging the film, such as ionisa-
tion or radioactive substances, which would not introduce a newr charge to
the film and would be effective against surface charges only.

In an experiment w'ith the F.49 survey camera, an electrometer probe
(see Section 3) was inserted shrough a hole drilled in the magazine
casting adjacent to the take-up spool so that it would give a reading
if there was any charge on film passing from the measuring roller to the
take-up spool. A 20 ft length of exposed film was operated through the
camera in six separate tests. On each occasion the indications of the
electrometer "were almost oho same. Sometimes a positive indication and
sometimes a negative indication was given during each run. There was no
significant accumulavion of charge on the film on the sDool at the end
of the runs.

The film was removed from the camera and rolled outc flat on the
bench and examined for evidence of residual charge. Appreciable charges
were found to exist on the film back. The position and sequence of the
charged areas of film were found to correspond with the record taken Vien
the film was passed through the camera. The experiment demonstrates that
with this particular sample of film the charges were persistent. No charge
could be detected en the emulsion, w;thich was also sufficiently conductive
to shield the charges on the bac, frcm the electrometer probe.

3 Detection of static charges

In the first place a search was 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 the relative electrical potentials.
The methods available at the time were not adaptable for measurements
inside the camera magAzine.

Of the methods considered, the use of an electrometer valve appeared
to be he most suitable. An instrument -ars constructed -which was similar
in some respects to that described by Bulgin2 for detecting static charges
on rubber-tyred vehicles at the Dunlop Rubber Co.

\ .
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A diagram of the circuit for the electrometer valve as used in the
present investigation is shovtn in Fig.4. This was 'dsigned for measure-
ment. of potential and current in conjunction with.a D.C. amplifier. The
output from the amplifier can be used for operating a recorder for
potential measurements, or an intogrator motor for measurement of leak
of charge to earth, when -cho input circuit is connected for current
me asurement.

Referring to Fig.4, the grid of the Osram ET3 electrometer valve
is connected to a small circular plate carried in a polythne bush in a
metal screening tube. In this particular dosign the screening tube also
carries tho olectronotot valve. Mhen the contact C i made with the
grid vdre the electrometer valve has a standing bias of -.4 volts. When
C is brokon, the grid retains this potential and static charges may be
detected by induction on the msall metal "grid plate". The end of the
screening tube is closed except for a snall central hole, of lesser
diameter than the plate and. chosen to suit the charges being measured
and the distance d from the charged surface. The v hole of the grid
circuit is fully screened, the components in the hand--held detector tube
being connected to the batteries and to the anode milliQanmoter by screened
cable. To detect a charge or to measure a surface notontial the aperture
in the screen is covered th a conducting plate, to give zero-field
cdnditions, and the contact C is made and then brokon. On uncovering
the aperture and bringing V device near a charged b dy, the potential
of the grid wrill be onanged by induction and for a given distance away
the change in anode current is a measure of the potential to earth of
the charged surface being examined. The instruteent --as calibrated in
conjunction with an TT unit and Dn electrostatic voltmeter.

It should, be noted that the instrument doer not measure true
surface potentials since the presence of the deteotor tube will distort
the field. For the present investigation hwmever only relative values
vere required.

The grid resistance of the valvo is of "rhe order of 101 to 101 5 ohm
and there is no appreciable lea: for wo cr thrxe2nutes, which gives
adequate time for making measurements. 1cr measuring leakage of charge
the grid is connected to the ch-arged boly through a high resistance (about
50 Mn0) and the contact C is permacntly madu. Under these conditions,
the quantity of charge leaking to earth can be rmasured by connecting a
small integrating meter to the output from the D.C. alaplifier (sec Fig. 4).
With the contact C made and then broken a record of the potential changes
is obtained by connecting a recording meter to the D.C. ejaplifier. The
penissible change in the grid bias of the eltcctrcneter valve is from -2
to -6 volts, the output of valve and D.C. amplifier being linear over
this range. A narrow insulated probe was constructed for detecting charges
in more inaccessible parts of the camra, but to keep grid leakage to an
absolute mininwa, most of the measurements were rade -wlth the design
described here.

In constructing this apparatus it is important not to handle the
glass envelope of the valve aad to mask the valve from light to avoid
photoelectric effects. This latter condition was satisfie, in the design
of the screening tube by an "overlap" construction -as indicated in Fig. 4
and by finishing the surfaces near the "exposure" end of the tube with a
matt black paint. The polythene bush, of course, v,,as not an effective
light mask,

This instrument -.as used in conjunction -. ith the film-testing rig
sho;ai in Fig. 5 to masure potential changos and loaznge charges. As a
simple electrometer, i.e. with anode current indicatror, it was also used
in the general examina-ion of films for zheir electrostatic properties.
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4 Simulation in the laborator-y of the oaditions for static

discharges in a camera 0

With the object of providing a method of testin whether static
discharges in the camera were affectced by changes in camera construction
or film 'base material, some attempts were made to simlate the, conditions
under whdch the film was marked by discharges. It w;as know i that, if
film worc thoroughly dried in high vacuum and then roughly handled,
discharges ',ould occur and after development the negatives of some of
the samples would be marked. This treatmentc seemed too drastic as a
test practice for films since improvements in film material, while they
might prevent static under the worst treatment experienced in a camera,
might fail under such severe conditions. It was decided to limit the
conditions -o what ras judged Go be the worst aircraft conditions for
static. A 'brief description of the test follows although it ;ras
unsuccessful. From the four attempts made, two with an F.'49 survey
camera which had produced bad "static" in the air, and to .-ath the
F.24 camera, only t-to or three faint marks wore obtained u i h the F.49
and none at all -ith the F. 24. Deails are given in the-Table on Page 12.

In the tests on the F.24 camera the humidity "as raised during the
run to test vdether dry film on the roll operating intb a more humid
atmosphere would produce static marks more easily. The dzying to -hich
the film ;,-as subjected as certainly equal to the worst conditions likely
to obtain in service and the conditions must have been similar, at one
stage during the run, to those prevailing in an aircraft.

At a later stage in the investigation it wras foud that samples of
"standard" film varied considerably in their electrostatic prdperties and
the partioular roll of film used in any given conditions must have a
large influence on the static charges produced. In reviewing the various
surface conditions affecting the charge produced (Section 2) it is evident
that they could not be controlled during manufacture. Failure to produce
marks on the film under a simulation of aircraft conditions is attributed
largely to the fact that the rolls of film, used for the tests could not
be preselocted for their clectro-statGic properties.

5 Static-inhibiting agents and increased conductivity of
the film base

It is evident that were the filma conducting on both sides little
trouble would be experienced from static discharges. Conducting is used
in a relative sense and it is considered that at hnmidities dova to 40%
the emulsion side of standard. film is sufficiently conducting. The rate
of leakage of charge must be sufficient in relation -co tie surface capacity
to prevent the potential reaching a sparking value. The back of the film
is the surface most liksly to give trouble and fortunately this surface
should be simple to treat in sate manner. Treating of the emulsion side
of the film might possibly prove a more difficult probleri. The inclusion
of salts in a gelatino sub-layer had been mentioned to the film menu-
facturers during discussions at R.A.E. but such a process vras' not approved
because of the possibility of the gelatine becoming stickyr from moisture
excess. It appears that the difficultcies in using a salt may be overcme
since British Patent Specification Ho. 6363275, describes a method of
applying the salt of a bi-guanide compound in various arrangements, either
on the emulsion side or the back of the film. The wpay in WVich this salt
reduces static electricity is notc disclosed, i.e. whether the effect is
purely to increase the conductivity of the film or to reduce the contact
potentials 3 , 6  hen the film is rolled or is pressed into contact Vit-h

various parts of a cmera, with or tithout mechanical sliding betmen the
surfaces.
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British Patent No. 673032 describes how an alkali metal or ammoniuLm
salt of ' condensation product of formaldehyde .and napthalene sulphonic.
acid is included in the silver salt emulsion layer to rake it anti-static
Since this process seems co leave the back untreated it is difficult to
see hcv real improvemont can be expected.

The static electricity nuisance is general in industries such as
paper mills, rubber, nylon and plastic manufacture and t'ere are many
anti-static agents on the market and under development 2 6 7. It is
evident from the literature available that the problem is difficult to
solve purely by modifying -ohe design of machinery which handles the
dielectrics concerned.

The Air Survey Co. Ltd., state that they have derived some benefit
in reducing static by treating the register glass and other parts of their
survey cameras ,-ith a perspox polish marketed by I.C.I. and O'Cedar.
Messrs O'Cedar have stated that the polish comprises an emulsion of fats
and wtaxes ,i~th the addition of an alkaline wetting agent; they also supply
an "Anti-Static Polish No. 32" which contains a lorwer proportion of wVax
and is easier To apply than the perspea polish.

In tests at R.A.E. the perspex polish reduced static charges in
some cases but not in others, althougE conditions as regards temperature
and relative humidity vi'ere the same. Polish No.32, hovever, has been
fotud to eliminate all appreciable charge at R.H. values above 40% and to
have some effect at values as lowi as 19. The action of these polishes
in reducing charges is ti-tofold. In the presence of moisture in the air
an eletrol,--ic film is formed evenly over the surfaces by the action of
the etting agent. 1Iith such a continuous conducting film. any charges
formed wIould leak to earth. Additionally, depending on the nature of
the "vetting agent, the film may be static inhibiting by reducing the
contact potontials in relation to other materials. The effectiveness
of static inhibitors is detezriined by the quantity of the inhibitor
added to the surface up to an amount Mere the formation of charge is
negligible. With some inhibitors the charge developed is cyclical and
seems to depend on the provision of successive molecular layers on the
surface of the dielectric so that increasing layers may result in a
change of the sign of the charges developed (see Section 2). Inhibitors
with a high dielectric constant are the most effective -when only. thin
layers are attainable. Distilled ,ater is good in this respect 6 .

Random results given by the perspex polish can possibly be explained
from the foregoing data, i.e,. the difficulty in retaining 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 type tahere the charges developed vary in a cyclic
manner depending on the molecular thicknesses of the layer.

Tests showed that the formation of static was reduced by both the
polishes but the action -as found to be prirmarily one of increased con-
ductanee depending on the hygroscopic action of the wetting agent in
spreading a conducting 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 -hen applied to camera parts; laboratory tests vrith the F.55 camera
confirmed this.

Some bad static w'as experienced during survey photography in Cyprus
but application of the polish to the register glass of the F. 49 camera
failed to improve matters, bad static marks being present on developed
film from cameras to Vhici the polish had been applied.

-13-
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While it seemed improbable that the polish could be used to provide
a surface layer on the fihan back in mnanufacture, it was decided to treat
a length of unexposed film to see if processing was affected and to test
it for development of static charge as a means of deciding v/bother
increased conductivity of the back of th film alone was sufficient to
prevent appreciable charges forming. The F.95 camera Yas used for this
test, loaded ,tth an 80' roll of film, 40Ot of v/ich "was treated writh the
polish and the other 401 untreated. Roan conditions wore N.T.P. with a
relative humidity between 50 and 6W. The complete roll of film was run
through the camera and on processing no static marks were present on
either treated or untreated lengths of films. In view of previous
unsuccessful tests to produce static in the laboratory this result vias
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 camera -vas operated in a dark roan to detect visible static discharges.
After the eyes had become dark adapted, occasional discharges could be
seen v/hen the untreated portion vwas passing, but there was no evidence of
charge v/hon the treated portion was passing through the* camera. This
result was maintained =-6respective of v/ic-h half of the film vas first
passed to the take-up spool.

The foregoing operation of the film through the camera vas repeated
v/ile measurements were made for accumulation of charge on the take-up
spool. If the treated portion were passed through first there ias no
indic-, tion of charge until the untroator, portion was reached, v/hen there
was a progressive accumu-lation of charge on the spooled film. In the
ease of operation in the opposite sense considerable charge vas accumulated
at first but this ceased :/on the treated portion of film was reached. It
vas also noted that there were considerable changes in potential fxom
untreated film passing through the camera but none from the treated length.

6 Testing of film samples and distribution of charge during
v~iding

In view of the information vhich 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 obtained and reproduced vith certainty
under conditions similar to those experienced in an aircraft. In testing
v/hether modifications to a camera had reduced the tendency to produce
static the difficulty vould 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 would not be
permissible since handling of the film is likely to change its properties
and these changes vould not be within the control of the operator.

Some samples of film, for vhich anti-static properties had been
claimed, had been received from the film manufacturers, and it vas
necessary to devise some relatively reliable method of assessing these
samples. The rig shown in Fig. 5 was constructed for this purpose. Two
5-inch camera spools arc mounted on polytheno insulating bushes attached
to a standard film-vrinding rig vith the axes about 15 inches apart. A
cork-faced metal plate mounted on insulating supports is placed mid-wvay
between the t-,o spools so that v/hen w-rinding the film from one spool to
the other the film rubs on the cork.. Facilities are provided for connect-
ing all or any combination of spools or friction plate to earth as required.

In a preliminary investigation of numerous samples of film with
this rig it was determined that some film induced charges largely of one
polarity, v/hilo other film gave charges of both polarities in a completely
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randcm manner. Using film which gave consistent polarity of charge it
was detezmined that the distribution and polarity Were as indicated in
Fig.5(a) and (b), that is:-

(a) film vhich made zubbing contact vrith an earthed surface
carried away a positive charge, Nvile the film approaching
the rubbing surface carried only slight negative charge,
and

(b) film vich made rubbing contact with an insulated surface
carried no charge a-ay, wile the film approaching the
insulated surface was negatively charged.

It vas further noted that if the take-up spool were insulated from
earth, it became positively charged v&en the rubbing surface was earthca
but Yas uncharged when the surface ;as insulated. Also, the feed spool
when insulated, showed a small fluctuating charge when the rubbing surface
wras earthed but When the rubbing surface Tas insulated a steady positive
charge would accumulate on some occasions while 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 film
and the friction surface (cork) are shorn in Figs. 6(a) to 6(1). These
were made with the apparatus shown in Fig.4, i.e. electrometer, amplifier
and recording voltmeter. The position of the electrometer during these
measurements was as indicated by P , P2  and P 3 ' as appropriate, in
Fig.5. Rubbing was on the back of the film as it passed over the cork-
faced plate. The film was wound over by hand at a speed of about I ft/sec
but it was found that variations in film speed of +I W had no appreciable
effect on the results. A comparison of Fig. 6(a) aid (b) shows that a I.
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:-

(A) Figs. 6(a) to (j) 22 inch nitrate base film, exposed but
not processed. Stored out of tin in laboratory for approxi-
mately 6 months.

(B) Figs. 6(1) and (k) 52 inch nitrate base film, exposed and
processed. This was a 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 tests did not vary much from
55% and the temperature was between 13°C and 2000, as noted on the
illustrations. In examining these results it may be assumed that when
the spools are insulated the conditions are sianilar to those obtaining
when the edges and outer coils of a roll of film have become very dzy,
thus effectively insulating the remainder of the roll from earth. In
addition to the records in Fig. 6 Yhich include the peak voltages, a
large number of readings of average potential voro taken with the small
integrating meter previously mentioned.

The relative potentials, or charge density, of the plate and the
film surface for various earthing conditions of the plate and the spools
are showa in Table i. The unbracketed figures in this table apply io
film sample (A), i.e. exposed, unprocessed nitrate base film. They ar3
average values from a number of tests with the integrating meter and the
recording voltmeter, The figures in brackets apply to a sample of
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exposed, unprocessed acetate base film each value being the average of
three readings of the integrating -ter. In each case a value of 100
is assigned to the film. surface -potential after it has rubbed over an
earthed plate.

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

Detailed ex-olanation of the results is complicated by the fact that
electron separation does not occur at °che plato only but also at the feed
spool as the film is unwound (see Fig. 9). Some further erperimental work
would be necessary in confirmation of any theory advanced as to the
mechanism of energy dissipation. Hovever, the follou'ng general explana-
tion of the results is suggested.

By experiment (see Fig.6(f)) the plate, v/hen insulated, reaches a
mean steady potential after a few feet of film have passed and the
potential of film leaving the plate is then a minimumT (sec Fig. 6(d) and
(e)). With some samples of film the potential of the surfaces leaving
the' ihsulated .late is, Atl-in the limits of measurement,- zero, as sho-m
in Fig. 6(d) while Trith other samples it is small but measurable. W hen
both film spools arc earthed the potential obtained on the plate is a
maximum (see Fig.6(j)) and is reached after a fev-r feet of film have passed;
it docs not build up -progressively during the ,'6nding period.

The limitation of charge density, or potential, -of the plate when
it is insulated could be explained by leakage from the plate supports
and along the film surfaces and possibly, also, gaseous discharge. The
limitation of surface density on the film leaving the earthed plate could
be explained also as being a result of lealage. Hov-ever, the absence of
charge on the film leaving the insulated plate cannot be attributed to
lea!mge. In fact, h'hen the .late is insulated the presence of positive
charge on the film is dependent on lealr be of hegtive oharge from the
plate or, alternatively, a progressive increase of negative charge on
the plate.

It is considered therefore that for any given friotGional conditions
there is a threshold charge density of the platce Aich gives a field
strength of sufficient mza]itude to balance the contact potentials and
thus eliminate electron separation from the fila, i.e. the negative
charge on the plate repels electrons (negative charges) al v/hen tChe
force of repulsion equals the force causing s ,paration of electrons a
state of equilibrium exists. Depending on the film sample, thre combined
result of surface leakage over the film to earth via the take-up s-cool
and separation of charge at the take-up spool may be sufficient to prevnt
the potential of the plate from reaching the true limiting value, and in
this case some positive charge will be carried aray on the film surface
to the take-u: spool.

TUith the plate earthed, all electrons leak to earth and a ma.xLi
positive charge is carried awtay on the film; correspondingly the surface
potentials of film leaving the plate are a maximum. Again, the separation
of electrons from the filma surface is limited to a threshold value where
the field strength balances the contact potentials, i.e. the positively
charged film attracts electrons and a point is reached vwen this force
of attraction is equal to the forces causing separation. No seaules of
film were tested in Ywhich the plate became positively charged and the
film negatively charged but in such a case the explanation of the results

ould be similar.
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An effect which would appear to be related to the foregoing has
been reported by Gill and Alfrey4 . In their experiments small blocks of
a dielectric were allowed to slide down an inclined metal plate into an
insulated metal container. The metal plate was earthed and the charge
collected by the metal container from tho blocks vlas measured by an
electrometer. A second metal plate was placed above and parallel to
the earthed plate and connected to ono pole of a D.C. supply, the other
pole of which was earthed. Depending on the polarity of the D.C. supply
it was found that the charges carried avay on the blocks could be either
increased or decreased. When the polarity vas such that the charge was
decreased it w-as found that it could be reduced to zero by increasing
the applied voltage after vihich 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 T(h)) is a maximum vrhen the plate is insulated and the feed
spool is earthed (see Table I(k)). Its presence can be explained as due
to separation of the surfaces at the feed spool, where most of the positive
charge on the emulsion would leak to earth via the spool allc'ing negative
charge to pass away on the film, and surface leakage of charge fran the
plate. This negative charge is lower ahen 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 data shovar are from four separate experiments
and cannot, unfortunately, be related to one another. It should perhaps
be mentioned again that each experiment takes timc, and results are only
found to be consistent over very short periods, irrespective of Tether
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 general
shape is representative of the change in surface density of charge on
film leaving the plate mith change in leakage resistance 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 film surface resistance at the time of
the experiment. As a rule the film charge density or potential, when
the plate is earthed, has much the same value as the plate potential
when the plate is insulated as can be seen by referring to Figs. 6(a)
and (f). The curves in Fig.7(b) were the only ones available, ithout
further experimental work, to sha that the general shape was similar
to the curves in Fig.7(a).

It is proposed to develop a simple theory for conditions in which
the film has relatively high insulation; this is likely to be the case
Vden 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
betrteen the surfaces during rubbing v'ill be constant the rate of charge
separation, b , will bear a linear relationship to the charge density
or the surface potential, v P if no other significant factors are
present. Thus w-hen film rubs over a fixed insulating surface the
potential of this: surface -v'll reach a limiting value, V , and the
rate of charge separation, b , will then be zero. The relationship
betumen v and b , for the assumed conditions, is shcvn graphically
in Fig.8(a) vhere vf is the surface potential of film covering the
plate and v is the plate surface potential, the fonner being positive
and the lattgr negative. The equations to these curves are:-

-B
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and

bV V (2)
p B

where .3 is the maximuan rate of charge separation; i.e. the positive
charge density on film leaving the plate is a maximum V when rubbing
starts and falls to zero as the negative charge density on the plate
reaches the maximum value V . It will be noted that the arithmetical
sum of the charge densities is constant, i.e. the potential difference
between the film and thc 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 iR- the leakage current to earth. The surface potential ofVp

film. lea ing the plate is then Vf V - V Substituting 2 fnr b
in equation (I):- p l

Vf Vp V
f R B

or
V - Vf V

R B

from vhich

2
Vf = B +V

From equation (2) the plate potential V at equilibrium is given

V = V -V
f

V2 V (4-)
RB + V

The curves to equations (3) and (4) are shoa in Fig.8(b). For'
friction on the back of the film, experimental values frCr Fig.7 are:-

V = 3.7 when R = I

V = 5.3 vhen R = 3

and substituting these values in equation (4) gives:-

V 6.6 and B = 8.2

thus the equation to the experimental curve for the film back in Fig.7(b)
is:-

V 43.5 6.6
p 852R+ 6.6

-, 8
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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 wvith the experimental points as well as could
be expected and values 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 dry insulating film.

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 samples giving high values of V and B
vAuild be the most likely to produce static marks on the emulsion.

The tests on the "anti-static" film 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 potential difference betveen the two friction
surfaces, one of which (the film) is a good insulator, is not affected by
the resistance to earth of the other surface. The effect of leakage at
the plate is merely to change the relative 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, .-&en it is insulated,
is similar to the film surface voltage %Ahen the plate is earthed.

The time-potential relationships, i.e. the transient conditions,
are not required to assess the static properties of film samples which
Was the original object of the experiment (Fig.8). They may be important,
however, in any consideration of the optimum conditions for spark dis-
charges Th en friction is of short duration. In the present paper it is
not convenient to give any detailed analysis but the general lines on
which the equations for the transient conditions may be obtained Till be
given.

The fundamental voltage-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
vill be no leakage currents and resistance, capacity and inductance are
not involved. The surface potential is from equation (2):-

bvp

dv +V
b = avt = -

or

I vP r t
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@0

After putting in the conditions vp = 0 vihen t = 0 the solution to
this is lamovm to be:-

Bt

V +V Ve

V(e31Bt )

Bt
b . .. . (6)

at

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

B-C

v = Ve V (7)

v is negative and vf is positive, their arithnetic sum is equal to V
a any 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 film surface decays according to an
exonential law.

Equations (5) and (7) would approximate to practical conditions
only when the conductivity of the rubbing surfaces was negligible. If
either surface has appreciable conducoivity then a resistance term "R
and a capacity term C must be included; the inductance L may also
be significant. If L , C and 2 arc ipplicable to the rubbed surface
only, i.e. the plate, and arc equivalent to a simplo series arrangement
then the voltage equation would be:-

Ri + L 7, d- / . -F' w V V(8

vhere i is the leamge current from the plate.

The conditions for which equation (8) is true 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 treamnen of resistance R rill depend on w-hether it is
due to surface or bulk conductivity of the rubbing materials. In practice
it 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 maxirnim at points remote from earth. If we consider this in relation
to the film emulsion rubbing a dry rogister glass then the potentials Trill

be higher in the central region, i.e. there would be a lateral potential
gradient. This may explain why some of the marks Imown to have occurred
on the emulsion side are predominan7ly in the centre of the film. This
would not apply v/hen one of the surfacbs is relatively a good conductor
for the potential gradient would be small. Thus in the case of friction

-20-
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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 resigtivity and marks would be
expected to occur over the entire 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 "borving" of the film.

Attempts at a complete mathematical analysis of the transient
frictional-electric effects obtaining with this particular type of
friction would be complex. In a general treatment, terms of R , C
and L would be assigned to both friction surfaces. Further confirmatory
experimental work wo'uld be necessary, 'ith improvements and additions to
the measuring equipment at present available. In their practical applica-
tion to the present investigation the transient effects are significant
in relation to friction which is of short duration. In cases where the
film rubs intermittently it is obvious that the possibility of a spark
discharge from the film to an earthed part of the camera wll be increased
if the potential rises rapidly and is sustained.

The film potential is a maximum when friction commences but decays
exponentially (equation (7)) vfen the zubbed surface is insulated. Howiever
if the rubbed surface is fully conducting to earth, the potential -wrill be
sustained vfile friction continues.

7 Conditions leading to spark discharge

The stages at wdich discharges can occur are:-

(i) During manufacture of the film.

(ii) During any re-spooling of the film.

(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 when it is handled, but it is certain that the
majority of such marks are likely to occur when the film is used in the
camera.

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

7.1 Initial properties of the film

As mentioned in Section 4 and as would be expected from the informa-
tion given in Section 2 samples of film examined in the laboratory have
sh vn a considerable variation in their electrostatic properties. It is
reasonable to assume therefore that the possibility of a spark discharge
is influenced first by the particular roll of film in the camera.

7.2 Separation charges at feed spool

It is connon experience that visible static discharges o on
some occasions when a roll of film is removed from a spool. SuU. -is-
charges are 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 film 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 mentioned in Section 6, vhen the feed roll is insulated and the
film passes over an insulated friction surface a positive charge builds
up on the feed roll. In a dark room spark discharges can sometimes be
observed at, or near, tho feed roll under "hese conditions.

When film is pulled fran the roll sca-e negative charge is carried
away on the film surface, but as winding continues a state of equilibrium
is reached in which further separation of charge is 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 shonmi by the record in Fig. 6(h). The potential difference due to
separation of charge at the feed spool may be insufficient to cause
sparking but since film is continuously removed from the roll its capacity
falls and hence the potential rises. The intermittent spark discharges
are considered to be due to the rise of potential caused by removal of
film from the roll. Further, if the film conductivity is variable a
more rapid rise of potential and more intense sparks will occur then
film pulled off the roll is relatively conducting. Mhen a spark dis-
charge occurs charge is lost from the roll and the charging process is
repeated to give a series of discharges while film is being removed from
the roll.

In practice the effect described mould occur on rolls of film vhich
were effectively insulated from earth because the iner turns and edges
of the roll had become dry. Discharges could occur at any point from the
roll to the edges of the exposure frame and would be most pronounced at
the roll if there vias also friction btwteen the film and an insulator
such as the camera register glass.

7.3 Frictional charges within camera

It is possible that a spark discharge can occur:-

(a) between discrete areas 7hile rubbing is taking place without
normal separation, or lift, of the surfaces;

(b) because of the rise in potential when the surfaces are
separated and

(c) if no discharge occurs as in (a) and (b) it may still do
so if the charged surface approaches low; capacity earthed
concnctors such as sharp edges or points.

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

Discharges can occur ven the camera pressure plate, film and
register glass separate from one another just before the windover occurs.

The major factor in this case is the change of capacity and the
resultant increase in potential. It is also possible that the raising
and lowering of the pressure plate may increase the charges by induction.
In the experiments described in this note, in vWich the friction has been
continuous, no induction effects have been experienced. In Fig.5, if a
plate of insulating material is placed above and parallel to the original
cork-faced plate, to sixiulatc the register glass of the camera, the
production of charge is not affected. This is true Whiether the upper
plate rubs the film either intermittently or continuously. 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 thoughothe upper pl~te were not
present. It would 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 film 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
other hand, the possibility 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 1'011 ohms (Fig. 8).

Rose 8 has shown that mere insulation of the rubbing surfaces is
insufficient. He describes some 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, vliile other
cameras used during the same period were unmodified. Records of 75 rolls
used in the modified cameras coepared with 909 rolls used with the unmodi-
fied cameras showed that cameras provided vith insulation had 8 of the
rolls marked with static wvhilc the unmodified cameras had I P of the rolls
affected. However, the static marks experienced with the modified cameras
were more severe and classing the marks as "sligt", "medium" or "c,,n -o

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 wtith insulated rollers, used in conjunction with
cameras provided with the normal metal rollers, static marks Ytere obtained
wvith the insulated rollers only. In this case it vas evident that the
static -vas directly due to the insulated rollers since the marks on the
film coincided wiith 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 when 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 film goes into the roll because of the increase in capacity.

No discharges could be observed on either the feed or the take-up spool
vwhen the film vras wTound 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 from negatively and positively charged film, i.e.
from film approaching the friction surface and from film leaving the

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

the positively charged film since the sparking voltage required for a

small gap is less ven the low-capacity electrode is negative.

In rolls of film spoiled by static the marks usually start about
halfway through the roll. The main reason for this is considered to be
the change 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 is a ma:imum vile at the take-up spool it
is a minimum. As the film is transforrod between the two spools tho
feed spool resistance decreases 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 a maximum. With the
high insulation associated ith dry film the effect would not be important
but, from the work of Rose 8 , dry film, although it gives minimum loss of
charge, does not give maximum production of charge. Fig. 6(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 film conductivity are temperature and humidity; possibly.they also
change the rate of charge separation. Thus, considering the optimum
condition, positive charge on the film after it has rubbed the pressure
plate (earthed) leaks to earth at tha take-up spool and fails to produce
a spark discharge, but when the spools arw half-full the resistance to
earth is a maximum and the leakage rate is reduced to a minimum. Under
these conditions the charge densitics and the possibility 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 spar!; discharge. Little infonmation
on this subject is available from other sources. The Kodak Co. in Anerica
have stated that the forked marks on the film are catused. by a negative
charge on the film; wile the hazy spots (see Fig.2(a)) are caused by a
positive charge on the film. The Company also stated that a definite
liberation of light energy is necessary to mark the film.

There is little doubt that the discharges causing marks ott the film
are largely a surface phenomenon, although in extreme oases the potential
differences may be sufficient to cause breakdown of the base material.
The voltage required to do this is 2 Kv (r.m.s.) per mil at 20 0 C and 50C
P4H. The mean thickness of the film is about 0.0065 inch so that the
breakdovn voltage will be about 13 Kv (r.m.s.), ice. a D.C. potential of
about 18 Kv would be recuired. This is twice the value of anything
measured in the present experimaents where the measured values would be
higher than those obtaining in a caera for the SXae charge density.

8 Test of manufaciurers "Anti-static" film sen es

Five samples were received frcm liessrs Iodak and one from Ilford
Ltd.

The samples from Kodak had thic treatuent a.plied to the emulsion
side only. The nature of the treatment has not been described by the
manufacturer.

The sample from Ilford was provided with 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 static properties of the samples in
accordance with:-

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

(ii) the relative potentials induced on the fricwion plate as
the film passed over it (see Fig.5(b)) and

(iii) the quantity of charge Which leaks avray when the plate is
earthed.

In measuring the unspooling potentials, test (i) above, the film
is wound directly betwxen two spools wfithout friction on the plate; the
measuring probe of the electrometer is placed 2 cm from the edge of the
film and 10 cm out from tho spool axis.
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The potential to which the plate is raised is measured in a
separate test by placing the probe 2 cm from a small disc, 3 cm in
diameter, attached. to the plate.

The charge passing to earth is measured by connecting a 56 megokn
leak to the plate and the voltage drop over this resistance being pro-
p6rtional to the current, and the product of current and time proportional
to the total charge separated by friction. The charge. was recorded by a
small integrating meter used in conjunction with the apparatus shown in
Fig. 4.

Temperature and humidity were constant during any one set of tests.
For all the tests the temperature was 1.90 to 2000 and the relative
humidity was betileen 50 and 55.

8.2 Results of tests

The results of the unspooling tests are shoat in Fig. 9; the peak
potential for each sample is taken frm these curves and shovel 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 shovan in Table II; the corres-
pending values for the emulsion side of the film are shovri in Table III.
These are average values of relative potential taken by means cf' the
integrating meter, each figure is a mean of three tests.

The charge which leaks to earth at the plate v~ien friction is on
the film back is shove in the last column of Table II. The values when
friction is on the emulsion are shown in the last column of Table III.
Each figure is a mean of three tests.

8.3 Mlethod of assessment

Before making 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 to the potential
differences which may exist beteen the film and various
parts of the camera when the film is used in a camera.
Standard film is knovn to be capable of producing discharges
vhich mark the film, so any film w-dhich has similar character-
istics wrill 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 lo.rer the measured plate potential
because of local leakage over the film surface. However,
there may be an increased chance of discharges at the feed
spool .ith a film having these characteristics for positively
charged fi-Jn will be approaching a negatively charged register
glass.

(iii) The data 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 film surface conditions may
have been quite different. As an example, the total charge
when friction vas on vhe emulsion appears to be greater than
when friction was on the film back; the data shown cannot be
accepted as shooing this effect; no separate test has been
made in the present ork.
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The intensity of any marks made by static discharges on the film
is likely to be proportional to the energr available, i.e. to - Q V
where Q is the quantity of electricity taking part in the discharge
and V is the potential difference between the spark gap surfaces.
The samples are first qualified as capable of producing a sparking
potential if the potentials measured are of the same order as that of
standard film. Each sample is then allocated an energy 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 energ7 factor found for the sample of standard
film used in the tests is expressed as 100 and listed writh the corres-
ponding figures for the samples. The potentials developed by the Ilford
graphite film are so low compared with standard film that it is considered
unlikely that sparking potentials would be developed. under normal con-
ditions. From the results it is obvious that the treatment to one side
of the film has also affected the potentials developed by the othcr
side. The most likely explanation of this is that the conductance to
earth via the spools has been increased by increased conductivity 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 toa camera and the same result would therefore obtain when the
filu is operated in a camera.

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

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

8.4 Photographic processing of Ilford graphite-ba-cked film

The graphite backing is not strictly "soluble" in developer, but
in presence of alkali the resin vehicle is softened and can be removed
by gentle rubbing or by a rater-spray. Without mechanical assistance,
homver, the backing remains on the film. Experiments were made ni th
dish and machine development o 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 tanks 'but an appreciable quantity remained to 'be
removed by the squeegees. 1hile very little trace vas finally left on
the film it is not considered that coneinuous running would be satis-
factory because the squeegees would rapidly becae clogged. In dish
experiments simulating spool-tank development it was found that except
in areas ,where -che filma had been handled or rubbed the backing did not

=come off and special wiping under ,-ater ,-ras necessary to remove it.
Sufficient fil- - as developed to simulate 5000 feet of 91" w ide film
processed on the continuous machine, and the accumulation of graphite
sludge was such that special filtration vtoula obviously be necessary,
especially in a spray machine such as the Type 6.

While this first experimental backzing is not a practicable
expedient, the principle should be given further test.
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9 Applications to cameras and film

9,1 Camera design for use with standard film

(i). When the film is wound over bet 'reen exposures the clearance
between the pressure plate and the register glass should be
as large as possible. If wve assume the film to be flat and
vithout sag it should lie approximately midway bet-reen the
pressure plate and register glass surfaces.

(ii) The lifting mechanism of the pressure plate should ensure
that in the retracted position the plate surface and the
register glass surface are parallel.

(iii) The switch or contact mechanism controlling operation of the
camera motor should ensure that there is no possibility of
film movement except when the pressure plate is fully lifted.

(iv) The feed spool should not be permitted to over-run at the
end of the wvindover. Some form of brake actuated by the
tension in the film should be provided.

(v) With regard to the material used for facing the pressure
plate no definite recommendation can be made at the present
stage. With standard film the greatest production of static
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 vwith 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 but very dry conditions.

From the information available at this stage, a suitable
material should I-Lve the follwing characteristics:-

(c) It should have a surface resistivity which changes with
temperature and humidity in much the same way as does
the film base and such that the resistance to earth
from a piece of conducting film resting lightly on the
surface is about 0.5 to 1.0 x 1011 ohm at 2000 and 50C%
R.H. The resistance to earth of tho pressure plate on
the F.49 camera is 0.5 to 1.0 x 108 ohm only.

(d) The charge which it induces on the film base material
should be as small as possible. No experimental work
has been done on different plate facing materials and
surface contours. It is noted that cork is particularly
effective in producing static charges and that the
conducting cork facing used on the F.49 camera is bad
in this respect.

(vi) 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 characteristics.

(vii) Corners and edges of all parts in contact with or near the
film should be radiused to smooth contours and surface finish.
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(viii) The norm'al surface resistance of' the regLster glass should
be reduced to much the same value as the pressure plate.
The problem is more difficult because a durable conducting
film vAhioh does not impair the light transmission must be
provided. The most likely process is one in which a trans-
parent coating of stannic oxide or bismuth oxide is applied
to a heated glass surface. The light transmission is
unlikely to be affected by this process but there is soue
doubt vdiether the exact degree of conductivity could be
obtained.

9.2 Camera desiga for use -iIth conducting film

(i) If the film 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 maling light contact
vrith the conducting film, the resistance to earth should be
less than 10 i O ohm.

(ii) With film which is conducting on the enmlsion side, the
register glass should be made conducting as described in
Section 9.1 (viii), but in this case a high degree of con-
ductivity can be accepted provided that the treatment does
not impair the light transmission of the glass.

(iii) If the film back is conducting, rubber coverings used for
rollers to increase adhesion vith 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 mothods used to incorporate the
carbon black during manufacture.

The conducting rabber cannot be recconaended for a
camera using standard film since its conductivity wbould
need to be controlled to quite close limits. Although it
is possible to grade the conductivity of the rubber in its
initial state, there are large changes of resistivity with
temperature and surface stress.

9.3 Camera film

The folloving recommendations are made in connection Yrith camera
film:-

(i) The surface resistivity of the film back, and preferably
also of the emulsion, should be reduced so that it is not
more than 1010 ohmVunit sq under any conditions. A treatment
of the film ;Aich reduced the resistivity to 1011 oh;/uit sq
vuld be useful but it is doubtful vihether values higher than
this viould give sufficient relief to justify the costs of the
additional processing of the film in manufacture.

The further recoremondations, (ii), (iii) and (iv) are less effective
alternatives to Ci).

(ii) Considerable relief, and probably complete relief un-ler
most conditions, wiould be iven if the film back resistivity
only ero reduced to the value recommended in (i). In this
connection it is recannended that further work should be
done on the Ilford graphito-backed film to improve the
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solubility of the coating and possibly to reduce the amount
of grap1hite applied. This recomendation is conditional on
the graphite coating process proving economic and no better
form of conducting film being available.

(iii) Further tests of samples of Kodak "anti-static" film No.4371
should be made. The Kodak Co. have not made 1kowM the treat-
ment given to their saiples 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 is flat under all conditions, to reduce the chances
of rubbing during passage between the pressure plate and the
register glass of the camera. In this connection it is noted
that the graphite-backed film is considerably flatter than
normal film.

10 Future investigation

If it is accepted that the only real solution to the problem is to
make the film and certain camera parts more conducting, then future work
should be devoted to methods of increasing this conductivity. If the
conductivity of both sides of the film can be conveniently increased so
that the surface resistivity is not greater than 1010 om=/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 economic cornnercially, then test of samples should
be based on the principles outlined in Section 6.

Other lines of investigation hich may prove useful are:-

(i) Details of the disclarge such as:-

(a) the energy required,

(b) the film surface condition,

(o) the side of the film on w.ich it takes place,

(d) the potential difference required,

(e) induction effects.

(ii) Suitable facing materials or surface treatments for places,
such as the pressure plate, there friction cannot be entirely
avoided.

(iii) Thc 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 effective
in causing charge to leak away. The objections to its use in
a camera are that it requires 12 Kv positive and negative
potentials; morecoever it is not clear that it would prevent
discharges during actual rubbing. Preliminary tests Yrith
thennionic ionisation have not been very praising. Radio-
active methods have not proved suitable1 . Spark-gap ionisation
also requires a high potential supply to each camera.
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11 Conclusions
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The primary conclusion is that static electricity discharges will
not be limi.nated except by increasing the conductivity of the film and
of the insulating components of the cameras.

' ,oro detailed conclusions arc as follows:-

(1) The discharges arc local surface phenomena vich occur during
friction, or when the surfaces part during friction, or wfhen
the charged film approaches sharp edges or points imnediately
after friction. A proportion of discharges may also occur as
film is pullod off the spool.

(2) The conditions necessary for an actual spark discharge are
critical. They occur .,aen the numerous factors affecting
the production and retention of charge combine to give an
optimum charge density and associated capacity.

(3) To produce charges it is necessary for one only of the friction

surfaces to be a g ood insulator. In practice this may be the
back of tho film, the register glass, the rubber-covered
measuring roller or similar items.

(4) The film emulsion is not a serious source of static charge
except under sustained dry conditions. The film may be marked
from the amulsion side by discharges from other insulators
such as the register glass in the camera. It may also be
marked from the aulsion side by separation charges as film
is pulled off the spool.

(5) One of the najor factors deciding whether a spark discharge
will take place is thc rate at -hica, the charge can leak away
from one or b6th surfaces.

(6) During operation in the camera the leakage of charge is a
minimum when the tvo spools are half full. The total insulation
to earth is a maxijum under these conditions and the surface
potential of the fihm is therefore also a maximum. In practice
the static marks on a roll of film have usually started half-
way through tho roll.

(7) The miarks on the film are usually confined to a central track
along the length of the film. There the marks are due to
discharges on the back of the film this is attributed to the
fact that friction is maost likely in the central region because
of bow7ing of the film arising from unequal ex mansion of the two
sides. 71here thcn -arks are duo to discharges from the register
glass it is attributed to the existence of a potential gradient
on the register.glass and the emulsion surfaces the resistance
to earth being greater at the centre of the surfaces.

(8) The most efficient way of preventing the discharges is to
increase the conductivity of the film and of the camera
friction surfaces. For practical purposes it wtould be sufficient
to increase the conductivity of the hack of the film only.
Trouble from the amulsion is only likely if the film has been
dried out by prolonged. storage under dry conditions with
imperfect sealing of the tin. Increased conductivity of one
side of the film ;will reduce the maximum charge density on
the other side by increasing the conductivity to earth via
the spools (sec Ilford graphite backed film, Table III).
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(9) The resistivity of the film surfaces and &ny insulating parts'
of the camera, where friction is possi'ole, should obe reduced
to a value not exceeding 1010 ohm7unit sj. Retention of a
highr charge density on the surfaces would not then be possible.

(10) The use of static-inhibiting agents on camera parts such as
the register glass is not recommended. In theory their
effectiveness is dependent on the application of a critical
thickness of layer; because this is impracticable laboratory
and field tests have not been reliable.

(Ii) 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.

(12) Laboratory test would be adequate for deciding vdether given
combinations of film ex.d camera are likely to produce charges
capable of marking the film. Tests on several samples might
be necessary to ostablish the consistency of any process
applied to the film, although the number of tests considered
necessary would depend largely on the results obtained with
the initial sasplos.

(13) Any treatment of the film surfaces intended to reduce the
production of static charge without increase in the con-
ductivity is likely to prove unreliable because of contaminating
surface films.

(14) In laboratory measurements, the electrostatic properties of
different rolls of film have been found to vary considerably
and the occurrence of "static" in Service cameras riay be
influenced approciably by the initial properties of different
rolls of film and, possibly, by particular batches of film
from the manufacturors.

Typical "static" mark- attributed to friction in the
camera are showia in Fig.2(a) zfhile -he marks shown in Fi'g.2(b)
are considered to have occurred before the film was used in a
camera. In Fig.2(b) it will be noted that some of the "trees"
appear to have their origin outside the edge of the film ihile
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 thon cut into ;idths suitable for camera film. In
Fig.2(b) the obvious conclusion is that the marks occurred
viile the film vas in a Tide roll and that this roll vas
subsequontly out into the camera film widths.

The character and the distribution of marks in Fig.2(b)
is rare and it is not suggested that any but a very small
proportion of film leaves the manufacturer in this condition.
The proportion of vhat could be tensed "static-prone" film is
likely to be much higher and it is to the benefit of both
manufacturer and user to ensure adequate conductivity,
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TA E I

Relative Potentials

RelativeCondition potential Figure

Film leaving plate:-

(a) Plate earthed, spools insulatec +100 6(a) and (b)

(b) Plate earthed, spools earthed +75 6(o)
(+40)

(c) Plate insulated, spools earthed 0 6(d)
(-12)

(d) Plate insulated, spools insulated +15 6(e)
(+12)

Insulated plato:-

(e) Spools insulated -100 6(f)

(f) Spools carthei -150 6(j)

Film approaching plate:

(g) Plate earthed, spools insulatcd (-0.2)

(h) Plate earthed, spools earthed -66 6(g)
(-0.4)

(j) Plate inzulated, spools insulated -33 6(h)(-33)

(k) Plate insulate6, spools carthed -100
(-56) -

Note The bracketed figures are from tests on a different sample of
film from that used for the voltage records shovm in Fig. 6.
For each sain-le a relative figure of 100 is assigod for
condition (a).
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TABLE II

Electrostatic Properties of "Anti-Static"
Film Samples (.back)

Peak surface Leakage charge
potential in from plate in

Fotetia Avoag inuatenta
kilovolts during of insulated micro-ooularb

re-spooling plate in Ky (through 56 Mn)

Standard S.B. -2.25 -3.0 -0.40

Standard after
re-spooling -2.25 - -

Kodak 4370 -2.40 -4.2 -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 4374 +1.65 -2.1 -0.07

Ilford
graphite
backed +0.03
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• .., Teclanical Note No. PEH.475/

TABLE III

Elec rostatio Proper.ies of "An ""i-Statio"
F'l SmpJesC~MuJsio)

A Leakage ebarge
Average pooential from plate in

'Sample of insulated micro-coulomb
plate in Kv (tlhrough 56 NO)

4370 -2.70 -0.63

4371 -0.80 -0.37

4372 -1.50 -0.67

4373 -1.65 -0.51

4374 -2.65 -0.72

Ilforr!
graphite
backed -0.06

Standard -3.25 -0-78

-36-

i . . . .



Technical Note No. F:.479

TABLE IV

General Assessment of Anti-Stat,..e0Film Samples

Sample Relative Energy Remarks
Factor

Ilford graphite Unlikely that spark discharge
potentials will develop

Kodak 4371 16

Kodak 4373 51

Kodak 4370 89

Standard safety
base 100

Kodak 4372 103

Note" he energy factor for Kodak saxplc 4374, calculated in a similar
i. anner, is 62, but this sample, because of tbo change in polarivy
of the charge from the feed spool, is probably the worst of the
five Kodak sanples.
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TECH, NOTE PH. 479.FIG.I(o-d)

RUBBER-

EASURING CRANK/ FILM

"" . ... '-- - FEED

0 N ROLLER
''(METAL)

FILM
REGISTER ' - "PRESSURE PLATE
GLASS. CORK- FACED.

(a) PRESSUPE PLATE DOWN.

x CLEARANCE

SURFACE FRICTION BETWEEN FILM &b PPRESEURE PLATE BECAUSE OF
(R'BOWING' OF FILM & INSUFFICIENT

~, P ESS RE LAT RA SED CLEARANCE.

(C) SECTIONAL ELEVATION THROUGH X-X' IN (b)
CLEARANCE

FILM
I

(d) INCREASED CLEARANCE OF FILM IN RAISED
POSITION, GIVEN BY NEW MAGAZINE.

FIG.I(a-d) DIAGRAM SHOWING ARRANGEMENT OF
FILM & CAMERA PARTS IN E49 CAMERA.
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FIG.2a &b
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FIG.2c & d

&Ad%

d.

FIG.2. EXAMPLES OF "STATIC" MARKS ON FILM

FROM THE F.49 SURVEY CAMERA
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o E)
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(a) POTENTIAL DUE TO FRICTIONAL CHARGES (QUARTZ-NICKEL)
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FIG.3(aab) EFFECT OF AIR PRESSURE ON
FRICTIONAL --ELECTRIC POTENTIAL.
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ii FIG.5(a& b)

FRIC71ON EL.ECTROMETER HEAD,
PLATE. jp7

FILM FILM

5POOLTAKE.-UP
5P I

A~ ~CORK FACING !3

POLYTHENE METAL PLATE POLYTHENE
SPACER. PER5PEX IN 5PAGER.

(a) DISTRIBUTION OF SURPLUS CHARGE WITH EARTHED

FRICTION SURFACE.

(b) DISTRIBUTION OF SURPLUS CHARGE WITH INSULATED

FRICTION SURFACE.

FIG.5(a&b) APPARATUS FOR TESTING STATIC
PROPERTIES OF FILM SAMPLES.
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FIG.6(a,b&c)

-5'AT APPROX. I/SEC.

DATE: 15-12-52. CONDITIONS OF TEST
200C, 40% R.H.

TIME: 1000 HIRS.

FILM: 24-IN NITRATE BASE,
EXPOSED, UNPROCESSED._

(a)

I i - -50' AT APPROX. I/5EC.

DATE,:51-2 REPEAT OF TEST(G)WITH- THE

'TIME 1030HR5.EXCEPTION THAT THE FILM SPEED
TIME: ~ ~ 1 1001R.ISNCRE-ASED BY ABOUT 10%.

(b)

SO AT APPROX. I/SEC.

DATE : 15 - 25 CONDITIONS OF TEST
TIM: 137 R5,20

0C, 55% R.H.

FILM: 24--IN. NITRATE BA!5E,
EXPOSED, UNPROCESSED.

(c)

FIG.6ka,b&c) RECORDS OF SURFACE POTENTIALS ON
FILM DUE TO STATIC CHARGES.
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FIG.6(d,e&f) ~

50 AT APPROX.. I/SEC.

DATE.: 15 -12 52 CONDITION5 OF TEST

TYPE, 1050 HOURS. ?o 5oRH

FILM: Z - IN. NITRATE BASE,

EXPOSED, UNPROCESSED.

(d)
T

- 5O'AT APPR0O(. 1/5EC.

DATE: 15-2 2 CONDITIONS OF TEST
ao"c1 55%oR.H.

TIME: 1130 IRS.

FILM: Za - IN. NITRATE BASE,
EXPOSEDUWPROCE5SED.

r.O'AT APPROX. 1/SEC.

-6KV

DATE- 15-12-5a. CONDITIONS OF TEST

TIM~E, 1150 HR5. 20 G. 5% R.H.

* FILj.1: Z4.-IN. NITRATE BASE,
EXPOSEfl, UNPROCESSED f

FIG.6(d,e&f) RECORDS OF SURFACE POTENTIALS
ON FILM DUE TO STATIC CHARGES.
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FIG.64gh&j) L
50'AT APPROX. I/SEC.

DATE: 1612-5Z. CONDITIONS OF TEST

TIME: [115* IAR. 130 55%/ R.H.

FILM: ?_ 4 -IN. NITRATE BASE,
EXPOSED, UNPROCE55SED.

DATE: 16-12-52 CONDITIONS OF TEST

TIME: 1130 HRS. 130C 55 O/o R.RH.
L

FILM: Z4.-IN. NITRATE BASE,
EXPOSED, UNPROCESSED. (h)

F 7 
50'AT APPROX. I/SEC.

-r6Kv

DATE:- 16-2-52. CONDITIONS OF TEST

TIME: 1050 HOURS. 3C 55/RH

IL:EYP05ED, UNPROCESSED. ()
FIG.6(g,h&j) RECORDS OF SURFACE POTENTIALS

ON FILM DUE TO STATIC CHARGES.
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FIG.6 (k&I1)

L0A PRO.ISC

-50 AT APPROX. I/5EC.

DATE, 17 12-51. CONITIONS OF TEST
2 0C 57% RA.

TIME 1000 HRS.

FILM: 5M-IN. NITRATE- BASE
EXP0SED, PROCESSED. ()

FIG.6(kaI) RECORDS OF SURFACE POTENTIALS
ON FILM DUE TO STATIC CHARGES.
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________________FIG.7(a b) Ll

INSULATION OF PLATE IN OHMS x 10"

1\ 0 - 7

-4.

INSULATED
< VALUE.

-7
(3) VARIATION OF PLATE POTENTIAL WITH ITS INSULATION TO EARTH.

00

-3J

0

0E

(350

INSULATION OF PLATE IN OH.MS x 10"

<-0.1

-0.2~

(b) VARIATION OF LEAKAGE CHARGE FROM TAKE-UP SPOOL
WITH INSULATION OF PLATE TO EARTH.

FIG.7(asb) VARIATION OF POTENTIAL & CHARGE
WITH INSULATION TO EARTH OF
FRICTION SURFACE.
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FIG.8(a,bac) L

V RB+V

w Vf Vf
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(a) (b)

I 4
R - INSULATION OF PLATE: IN OHMS x loll

4-3-

o P 8-ER+66_

--

5

6

FIGS8 (a, b& c) VARIATION OF POTENTIAL OR
CHARGE DENSITY ON PLATE RUBBING SURFACE
WITH CHANGE OF PLATE INSULATION TO EARTH.
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w FIG.9(oa-j) L
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