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Carbon coated tissue paper used in printed, miltiplo copy,
Por this resson the memafacturer 1 4n conting the tiscue
peper with a standard ameumt of carbon ink, An exeess coating of ink
on the tiswue above the standard amount smdging, blurred and
ters when the form seb is used in a typewriter or
bere in the sopiss of a form set.
A lerge roll of tisswe paper is mownted on a roller at the imput of
the costing machine, Paper from the vell is fed into the machine
over a large steel drum, cocled by refrigeration, which serves to cool
the paper is rewound inbo a woll and the process continues wntil the
dre ariginal rall of tissue paper is costed with ink. The veloelly
with which the web of paper h the machine varies from 500
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(2) Wearing down of the ink distribution rods,
{3) Loose edges of the roll of timsue paper
(4) Bagginess of the tissue roll.
(5) 8lime spots.
As o repult the tissue web mey have a grecter or lesser smount of ink
per wnit aves than the standerd, The smount of ink per unit avea on
the mummmmwmmmmwmmwm.
This is dene by adding or subtracting welights from & sounterbalancing
achine, HNHowever, some form of monitoring device is
etermine whether or not the ink coating is within the re-
balence welghts, He could thereby compensate Tor any devistion of the
welght per wnit ares of the ink from the stendard as indieated by the
To develop a method snd apperatus to continuounly menitor the
kness of the carbon ink soating on a woving web of tissue peper




(3) mEadicactive thickness gauge employing beta reys.

(4) Photoslectrie eolls with 1ight source,
A search of the literature dealing with thickness meesurements
made and partioular stiention was given to the four suggested

uaas and nature of the dislectrie bebween the plates. However, a

useful relationship between thickness snd ecapacitance is hard to

obtain inasmuch as some materiasls affect the totel cepecitance of a
@mwawm;mmmmotwﬁmw
water which hes a disleciric constant of 01 present in paper which
bes & dlelectrle constent of from 2,0 to 2,50 Maﬂwm
tance in an attespt to solve the thesis problem was di 1 afber
several experiments showed no detectable change in the capecity of




iieh Prequency Sound Waves.

The reflection of high frequency sownd waves has a nseful
application in the measurement of the thickness of many meterisls,
A device ealled the Reflectogage has been developed using the prine
nesoes from & few thousendbhs of an inch wp to four inches, The use

Paper, coated or wncoated, is not included in the list of materials
.

A device that will measure the thickness of moving materials,
Ray Thickness Caupe or Bobta Geuge, The materisl to be messured by
the Beta Gauge is moved between an ionization chamber and a radio~
isotope source of beta or gamma rediation, The material sbsorbs
radistion in proportion to thickness. A meter commected to s basic
be salibrated to read thickness divectly.? A recorder is eesily

The possibility of using photoslectric cells to messure the
thiskness of earbon ink on peper as a funetion of the light energy




1

with a miltiplier phototube offered promising possibilities. A

in three ways, These sre (1) the generation of an eleotremotive
foree between two electrodes when either of them or the intervening
modiun 1o flluminsted, (2) the reduction of the electricel resistance
cles (electrons) from illuminated surfeces. The mbove three manie
fostations of the photoelectric effect aere generally called the

In 1839 Bdmond Beoquerel first observed the aetion of light in
generating an electrie ourrent or voitage. He immersed a pair of
eloctrodes in an electrolytic solution forming a cell, He noted thet
when the oell wes 11luminsted by sunlight that s messurable currest
could be detected by & galvanometer connected to the electrodes of
the oell, feequerel's work with wei photovoltaie cells eventually
led workers in the twentioth century to the development of the dry




esbles while they were boing submerged

tubss, Their resisgtance was on the order of sbout 1400 megobms,
Smith woted that the resistsnes of the bars wes reduced by 15 to 100
thet placing the bars in water to cool thom did not effect the phe-

materiale. Tor msny years the selenium photoconduetive

Heinrioh Hertz in the year 1887 dlscovered th
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| of & spark gap
minated with ultreviclet light, a larger and lenger spark

could be produced then without much 11luninetion, Hallwechs in 1838

found thet 1f & poliched sine sphere wore comnected to an eleciroe

Lenard and J, J. Themson (1899), it was concluded
by a body elfected by the action of 1&%,

Flanek to msvount for this effect, UHe then derived b
olectrie equation:

dv" & hf - he,

i velocity of emissiong
£ is the ¢ oy of the incldent light; and

g™ aguen for the mmmg
(# w&m&a ﬁ&‘fx " * * for w&*ﬁm)@
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This equation fits nicely into the quantum theory and it explains
When a quantum hf of light energy is absorbed by an electron in

electron possesses after it leaves the photosensitive surface,

two electrodes, a cethode snd an enode, The cathode hse a relatively
netrioally it is in the shape of & half cylinder, ranging in size from
0.5 to 2,5 square inches., The halfeeylinder cathode is costed with the
photosensitive material, usually csesium oxide, A straight piece of
metal wire having a amsll cross section forms the amode., It is placed
as possible so that shading of the cathode surface will be at a
ndndmm, 10

When a potential difference is applied between anode and cathode
of a phototube (the positive side of the potentisl comnected to the
face, The maygitude of the ewrrent 1s a function of the magnitude
of the light energy,
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consists of an anode and cathode placed in a glase envelope which has
thausted to & pressure of one millionth of & nillimeter of

meroury. The current in this type of phototube is due only to the

toslectrons emitted firom the cathode,ll

In the gas filled type, alr is first exhsusted from the envelope
wmmmmmmmmmmmm

;iﬂm&&mﬁa gas £1lled phototube is much loss
linear than the high vasuum type. As a result gas phototubes are move
suitable where large sensitivity is necessary and precision is not at
light intensities can be socomplished to s high degree of accuracy

ios has been adopted jointly by the Radlo Manufactiwers!
ifications ave as followss Sel, Sw3, Sei, Se5, Seb and S8,
8«1 refers to a silver-cesium oxide~cesium surfece in an envelope of
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lime glass with a maxhmm sensitivity in the infrered region of the
spectrum, Oe3 corresponds o a silverepubldiw
exhibiting highest sensitivity in the 4200 Angstrom unit of tho speow
ourve of the hunan eye, The envelope is made of lime gluss, Se) cone
slats of antimony-eesium material coebing the eathods surfasce of the
phototube, The tube exhibity rosponso to blus 1ight, The
light sensitive surface type 5-5 1s encloged in & bulb of wltraviclet
hes high semsitivity neer the 2537 Angsirom wnib line of mereury,
86 is also & surface type sensitive to ultravielet end it is composed
cesius and it is very similar to 94 except that its rosponse iz higher
%o longer wave lengths,l?
She ultiplier Fhototubo.

o owrrent oulput without appreciallly affecting the linearity of its
aplification oan be obtalned by this type of phototube than with a

A schematic diagram showing the theory, ofrouit and constructior

of a wultiplier phototube 1z shown in Pigure 1-A, A gories of eleetrodes
mounted in a high vacum chanber comprisoe the eloments of the tube, The
first electrode called the photocathode 1s costed with a light sensiew
tive film, Electrons are emitbted from this surface in proportion ¢
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FIG.I-A PRINCIPLE OF A PHOTOELECTRIC ELECTRON-MULTIPLIER
TUBE.

LIGHT
SENSITIVE
SURFACE

/4

7 y
LIGHT RAYS

FOCUSING
GRILL

N INCIDENT
LIGHT

O=PHOTOCATHODE
MICA SHIELD IOzANODE
I-9=DYNODES

FIG.I-B SCHEMATIC DIAGRAM OF MULTIPLIER PHOTOTUBE.
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the smomnt of ineldent 1ight enerpy, These emitted electrona e
attracted to u ssoond electrode held at a higher positive potential,
This posttive potential &5 set high enous
Lectrons onoush velooity to dislodse slectrens from the secand
electrode, thus esusing secondary emission, The electrons of goew
andery exiseion ave in burn drewn to a thind slectrods of otill
higher positive potemtial wheme an incrensed muwber of secondary
electrons eve amitted. One electron bombariing a mmface ney dige
lodge from one to ten seceondary electrona, Thus, through s series
of eleetrodes, each heving 8 highor pobential than the procesding ons,
& very high smount of ewrent smplification 15 obbained, The smamt
of anplifiestion is limited ly apace charge effects and pover dise
sipstion 1n the Mned stages,) A mtiplier phototube

In this investigation 8 931«A high vaemm mitiplier phototube
was used, This phototube has an 8w/ response chavacteristic which
thevefore, is high te blueerich 1ight snd sere to infraved radistion,
Whon operated et 100 velts per stege, the 93leA can amplify currents
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Figure 1-B shows a cross-sectlon of the strusture of the
931-4 mltiplier phototube. It conslots of eleven electrodes are
ranged in a cirenlar array in order to obtain good electron focus-
ing. The electrode 0 represents the photocathode. It is L1luwne
sleotrodes nmumbered 1 %o 9, the target electrodes, are cslled dye
nodes, The grid strusture, mumbered 10, is the collectar or plate,
This type of structure is representative of

the thickness of earbon ink on e moving web of paper utilizes bosie
eally (1) a 150 watt projection lamp housed in & Spencer lsmp house
ing and equipped with an adjustable iris disphregn, (2) a double
half inch in diameter on one side of the oarbon coated tissue paper,
(3) a second double convex lens placed on the opposite side of the
paper to plck up the light energy tranmmitted through the paper and
focus it on the eathode of (4) the 931wA muliiplier phototubs, snd
(5) a 0 to 200 mierommeter placed in the plate circult of the photos
tube to meesure the phototub A Hlook diagram of this
apparatus is shown in Pigure 2, A 1000 volt power supply with a




931-A MULTIPLIER
PAPER PHOTOTUBE AND HOUSING

LAMP

ISOWATT f
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FIG.2: BLOCK DIAGRAM OF MULTIPLIER PHOTOTUBE THICKNESS INDICATOR.
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‘ormor was used to regulate the line voltage supplying the
power supply and the 150 wett projection lemp,

The voltage regulated 150 wett projection lamp provided a
isible 1ight energy. This light energy wes
engrgy transmitted through the costed paper was in the main s func-
tion of the thicknese of the carbon ink costing covered by the spot
thinner the carbon coating end vice versa, The trenemitted light
energy pescing through the paper was ploked up by & lens and then
fooused on the multiplier phototube cathode, The resultant photos
or densely coated, thms Indicating the relative thickmess of the
firet, This was done by dividing the tissue wp into small aveas
small evess, The averege for the whole tisrue was ocomputed from
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neasurenents were made, Voloeilies from 480 to 1200 fest pey
winute were simulated, and measurements were tehen, These mRasures
uents automatically gave the average velue of the tlssue undergeing
bost, This sverage value remained constent for a given ares of
oonted tissue wnder test belween the slmlated velocities meniioned

As previoualy steted, the amount of light energy trangnitied
through a carbon coeted tissue is a funotion of the ecarbon ink
goating end the demsity of the tissue paper, It is believed that
the main effect on the transmission of the light energy tiwough the
eonted tissue is due %o the carbon ink coating, Hevertheless, the
density (welght por unit ares) of the tissue iteelf must be taken
into sccount, in the linal snalysis, s the chief 1limiting factor
of the device developed in this research, An sbsclute dstermings
thickness of the varbon ink coating indicate that the cerbon coeting
itpelf on the paper lessens the effect of the density of the paper
involving more direct methods of compering sepsrately the densities
of the paper, the thickness of the carbon coating, snd the combined
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14ght showld tring out the exnot limits thet the thicknoss of carbon
' pring web of paper can be suceesefully monitored
by the mdtiplier phototube,
The welght por wiit avea of the tissue paper veries (1) from
point to polnt on & given roll of tissue, (2) from one roll of tise
sue to snother for & given type of tissue mede by one menufacturer,

{2) snd from the type of tisoue wmrmw by one paper mill to

ancther,

Rofer %o Figme 3. An opticel bench was used to mount the 150
wett projestion lamp and the midtiplier phototube, In adiition a

placed at the 43 centimoter mark of the bench, the first lens et
the 73 centimoter mark, the paper holder et the 91 continmeter merk,
the seeond lens st the 92,5 centimeber mark, end the phototube af
oane hoard freme, eleven inehes ly eight inches, with s recbanguler
operdng, nine inches by aix inches, mounted on & block of wood,
See Pigure 4. O(he side of the rectangul
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hatohed into a grid by means of lengths of white thread spaced onew
half inch apart horizontally snd vertieoally. The other side of the
‘opening was then covered by the carbon tissue to be tested, The
tisoue wvas secured to the frame by means of tinmb tacks, Thns, a
viow of the carbon tissue mounted on the frame (the earbon side of
side showed the omrbon tissus divided into 216 squares, eash having
an area of one quarder of a square inch, The besm of light from the
lamp wes foocused into a spot epproximetely three-elghths

rgoing test,

up on the other side by & lens which focused this transmitted light
anergy on the cathode of the multiplier phototube, The paper holder
was placed on a track so that horizontal movement could be obtained
od, soquently, two degrees of freedom in & plane perpendicular
to the bean of 1ight vers obtained, Any one of the 216 square areas
normal to the 1ight beam, and 1t was possible to test an ares totelle




Pigure View of the lLight Side of the Paper Holder and orosse



2

The 951-4 miltiplter phototubs vas placed in a thin metal house
ing, This housing ves 1isht tight exoept for the aperture opening
phototuba, FWK&W&MMWM%WWWW
volt voltage resulsted power supply, the O-200 microampere mmmof
and the Sola veltage regulsting transformer,
high vacuum reetifier tubes used in a wolitage doubler m&tﬁ The
output of the power supply was rated at 1000 volts st four millie
mupares. A voliage regulating cireuit wtilising two VA150 voltage
regulating tubes end a 6i6 besm powor amplifier tube as a conmiwel
tube were ineorporated in the power supply eireumit,

A voltege dividing netwerk of ten 22,500 ¢hm resistors wes
of the 931-A phototube, The micrommeter wes connected in the plate
eiroult of the phototube Lo messure the ourrent, A schemstlo cireutt
diagren of the power supply, the voltage diviling network, and the

ections is shown in Piguve 6,

ik in & rean of costed tissue paper will be described, A ream of
peper is defined as 500 sheets for physleal testing purposes,t’

& messured area of cosbed tissus taken from the roll after a run is
weighed on & jelly belance and the weight in grams is reccrded, Alse
a messured ares of wncoabed tissue equal to the area of the coated
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Figure 5, View of Phototube Housing, Power Supply, and Voltage
Regulator Trensformer,
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Koy fo Sirure &

RL » 15,000 ohus 4 wabts
B2 » o5 megohms 1 wabt
B3 = 20,000 olms 1 wetd
Rh = .7 Mogolms 1 watt
HS = 1 mopohm potentiometer
RY = 10 ohms 10 watis

Voltage Dividing Network:s Tem 22,500 ghm 1 watt resistors
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costed tisoue samples 1s substituted in the following formmlas

This conversion factor is them multiplied by the weights in grams
of the soated snd uncoated tissue respectively, and the value obe
for the costed tiseme, This difference 1s the nmumber of pounds per
rean of carbon ink in the roll after the run, These difference
this thesls, The limits set wp by the manufacturer for a satis-
3.5 to 5.0 pounds per ream,

conted tissue, (2) statie messurements of uncosted tissue, (3) dy~
namie nessurements of costed tissue, (4) dynamic measuremen
coated tiswue, and (5) eveluation of data.

Three earbon tissues (paper made by the International Paper
Company) were numbered 1, 2, and 3, These tisomes were within,
below and sheve the jolly balence limite respectively, and had
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Carbon tissue Ho, 1 was placed in the paper halder, The spot
of light from the lamp was fooused Wwough sach of the 216 grid
squares onto the costed side of the paper, Resdings of the microsme
moter were taken in esnch csse ond the values were recorded, See
a totel average of the entirve tested sree of the tissue was computed
and recorded, A similar procedure was employed on carbon Lissues
Hosy 2 and 3, The resulis aro sumerised:

Table 1,
Carbon Tissues Nos, 1, 2, and 3 Data,

ﬂ&%ﬁt&u MM %.% 3.9

1
2
3

The above results sbow that the average phototube current reads
ings were in line with the relative thicikmesses of the tissucs as
against jolly balance velues. Ses Figuwre 7.
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ares for geveral seconds, Investigation showed that the spot of
light fooused on the tissue was actually melting the coating, causing
earbon particles to flow eway from the spot under test, tiume allowe
ing more light energy to pess through, In same instences mnd ine
ercase of five microsmperes was noted in a single reading, The
couse of this was eliminated by placing en infraved filter in the
Three earbon coated tiasues (Wmmwmm
Paper Company) were tested as above il e
Table 3,

Table 3.
Garbon Tisaues Nos. 4y 5, and 6 Data

in Figure 7, indicates sm inverse relationship betwsen jolly belanece
Threo more coabed tiseuss labelled below, within, and shove
the jolly belance limite vespectively were tested, The tiseue
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and 3, These toated tismws were numbered 7, 8, and 9, Tisoues
8 and 9 were in line with the jolly belanse indicetions but tissue
o, 7, which was below limits sccording to the jelly balance resd-
ings, did not plot out that way, Ses Pigure 9. Visual comparison
of Tisenes 7 and 8 (bolding both tissuves wp to a strong, wilform

paper of Tiscues Nos, 1, 2,

source of light) showed that Tissue 7 hed a thicker costing of ink
then Tiseue 8, Thie was borne out in the phototube averages zs
Tisoue 7 permitted loge 1ight to be transmitted then Tissue 8

Tiooue 8), The above observations indicete that the jolly bale
value for Tisme 7 wes in erver, The dats for Tissue Nes, 7, 8,
and 9 are swmarized in Teble 4,

Table 4.
Garbon Tiscues Yos. 7, 8, and 9 Data

Within Limits 18,33 3.8
Above Linits Jo, 98 5.6

7
8
9

Fourteen coated tissues (paper masufectured by the Brownge
ville Paper Company) were tested, These tissues were numbered
from 10 to 23 inclusive, For each jolly balance value obtained
by the mamifaeturer, two pleces of coated and unvosted tissue were




3

used, The two pleces of coated tiscue, teken from the same rall,
used to obbain the jolly balance wnlue wore called "mates”., Tisoue
Hos, 10 and 11 were such a pair, In like mmwmer, Tissue Nos, 12
value for a rwn, This roll, hovever, was different from the roll
that Tisoue Nos, 10 snd 11 were %abken from, Likewise, Tissuss 14
and 15 were taken from a third yoll, 16 end 17 from snother, 18
and 19 from enother, ote., and these pairs were also called "mates®,
Table § summarizes the date obteined,

Table 5.

Below Limits 6.8 3
2 ¥ithin Lintte 57,46 4u6

M Above Limite 3‘?4.6@ 546
15 Above Linits 15.57 5.6

16 Below Limite 130,94 Je3
b i) Bolow Limits 13.24 3e3

18 Within Limits 62,25 4o
19 Within Linits 65,85 be2

Below Limits 122,02 3.3
Bolow Limite 123,61 Fa3

20
7
22 ¥ithin Limite 134,19 bad
23 Within Limits 78,89 4ed
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of the "metes” plot clossly together with the ewoeption of Tiscuss 22
and 23, Viewnl inspection of these two tlsmues showed that Tissue 23
hod a donser coating than Tiscue 22, The phototube eurrent average
also Indieated this, Yhus, an error in the jolly balence readings
values for the jolly balance valve 3,3, Tiscue 10, the "mate" of 11,
ves visudly compaved to Tissue 71, the "mate” of Tissue 20. This
poated with irk then Tissue 20, Also, Timsue 10 was compared to
Tissue 17, the "mate" of Tismue 16, end the vesult showed Tissue 10
21 end 17 showed 21 to be a 1ittle darker them 17, The sbove observes
tions were confirmed by the phototube current resdings. lNost of the
with the jolly bmlange walues. The emeeptions, noted above, were

e exveption (mmz? and 23} proved the jolly balance vnlues
to be st fauls, The sbove messurenents indiceted very definitely
Shat the phototube doss detect voriations in the thidmess of coabe
ing of curbon ink en tissus paper,
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poated Tlosue Nos, 2 to 23 inclusive huve boun plsced in Appendix

In these messarements an attonpt ves made Yo differentinte
as nearly as posslible betwoen the carbon mmaﬁam& mm.

divided into rows end columms, Iooking at the grid side of the paper

mwmrxm&}, %&mmmzﬁmmmm

' ‘ wlwems vore pumbored from 1 through 12 from left
Moasurenents were takan of the square sreas of eooted

The values of photetube awrrent in microamperes obtained were roe

mmwmﬁwwmzwawm&

memmﬁmmmmm The
lable 6 mmwwm;&mm See Tigures 11A, 11B,
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were drawn, one greph to represent the coated tissus readings alene,
the other graph to represent the costed tissus backed wp with the
rather than a emooth owrve, The solid graph lines represent reade
The erdinates of the two sets of values were scaled so thet a
the eight yows shows a definite perallelism, The majority of the
pairs of points plotted for each arca tosted show changes in the
same direstion or nearly so., The parellelism of the graphs in Rows
oney two, five, slx, seven and eight is quite evident, The discrepe
aneies in perallelism noted in Rows thres snd four mey be dus to
ervors in reading the micrommeter scale at the lower valuss, not
having the 1ight spot in the ewset same position for costed tiscue
Thess graphe indieate that the changes in light inte
the spot is moved from ares to ares on the coated tisme ave a
funetion, in the main, of the thickmess of the cerbon deposit, The
paper doss decresse the level of light intensity, bubt aprerently
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does so in a reasonnbly uniform menner for s given length of tiswue
on a poll, Hovewer, the density of a given type of tiseue vories
from roll to roll and the exaet of oot of this changing denaity
en the thidmess messurements Indiceted ly the phototube is not
lown, Tt 1s believed, however, that future investigat

ping density of the tissue cen be negleotod or

wrte was made on & Prownsville
coated tigscue slene snd then this tissue (Tiseue B) was becked
up with an mwecoated Browmsville tissue and the process repeated,
firmures in ssch row of Talile 7 ave the phototube currents in micros
emperes that vere recorded for the costed tissue alone, The lower
Brawmsville coated tissue plus the Srowneville wncoated Sissus,
Graphs wore plotted in the come mmnmer as for Tisme A, See Fipures
128, 128, 12C, end 12D, Those graphs, like the graphs for Tissue A,
show a definite : indicating that the unccsted Dromevil
tissue was very uniform for the area tested. |

A third series of messurenents were mede, A Eraftex conted

tissue (Tissus C) wos measuwed es sbove. Thia tiseue wes backed up
ag outlined for Tissues A and B, The Kraftex uncoated tiscue was
mmwm. mmwummwinmm%
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coated, snd the bettem fisures Kraftex conted plus Indemstionsl
138, 130, end 130, The solid greph line represents Kraftex comted
M «w 7,.f<,.'“=5:» il gy Tovd, . e
Reference to these graphe (Pigure 13) shous that all three
graphs vary the seme way in the mejority of points plothed
toresting to note thet the Inbornational wnccated bissue ouwba
differense in leve) for Rov 1 is ehout nine
mwmmam@fmmmdmmmmw
Dridence of this fact 1z contained in the above resulta,

ferant sarples of wneosted tissue and cellophane

Tiawae D,
mmﬁmeeQmemwm The

osted cellophane serple wae placed in the peper holder and mossures
st i s on N nvhietus Slie A et ood ¥
MWWMMWMM%WQm%MMM
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Mam €Wm D) was then backed up with an uncosted Krafbex
Sasus, Messurmsents wers then Yepssbed cver the aress measured
in each wow of Table 9, In the swme menner messurenents

maville wnooated tissues respectively, See Figuwes 144, 143,




droular pleces of coabed Lissue were cub out of the
@ on hend, A quarter iInch hole was
Jar samples so thet they couwdd
hatt of the motor, A given sanple




&

of its one~fourth inch punched hole and secured by two brass fitte
ings could be revolved between the above values of RFM very easily,
Values below 300 RFM caused the tissue to flutter because the
cantrifugel foree was not high emough to keep the tissue smooth,
Values above 1800 RPM wore considered unsafe, as the centrifugal
forees involved were high (the series motor having such a light
load), Figure 15 shows & view of the geries moter with s sevenwinch

With the above aspperatus velocities from 471 feet per mimute
to 2026 fect per minute were obtained at a distance of 3 inches from
the center of the shaft at the above values of RPM, Since ihe linear
velocity of a point on the eircular plece of paper at a distence of
3 inches or one-fourth of a fool from the center in feet per minute
is obtained Yy:

¥ = 6,280r

vhere

£ is the frequency in RPM,
? is the radius in feet

then at 300 RPN, where £ = 300,
vz 6,200y £ 6,28 x 300 x § = 471 feot por minute,

‘;f:?.i
v w 6,20 x 1800 x § = 2826 foot per minube,






6

The speed of the motor was measured by the means of a revolue
tian counter stiached to the moter shaft and moting the number
of revolutions counted in one minute,

The apperatus wap set up as showm in Pigure 16, TYests were
made on semples of tiscues out from rolls of light, medium, and
hoavy coated tis-ue, A seven-inch in diameter clrcular plece of
coated tissus, teken from the roll of light costed tissue, was
mounted on the shaft of the motor snd seeured with the brass fitte
ings. The motor wes switched on and the speed was pet at 300 APM
by means of the varisc. The 150 watt projection lamp vwes switched
on and a gpot of light was focused on the revolving tissue ot a
distance of three inches from the center of the tissue, The spot
of 1light hed a diamotor of one~half inch, Tims, en ares in the
ghape of a Mot ring one-half inch wide was swept by the 1light spot,
The imner radius of the ring messured two and three quarter inches,
radii, This eres was 9.42 square inches,
inoreased by stepping up the voltage applied to the motor until a




AN
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The speed wes reduced to values balow 300 RPM, This caused the
1fugal force waz no longer great
nough %o keep the tlssue smooth. As a result, the meter defloow
vhich varied contimuously

sbove), no change in reading was nobed,

gue and 1t was seoured to the shaft of the motor, The speed of the

motor was varied es with the light and medium coated tissues. The
Nine more samples from each of the light, medium, and heevy

coated tiseue rolls were tested as above, No change was noted in




tested from esch roll are recorded in Table 10,

Talile 10, |
Light, Medium, and Heavy Coated Ssmples Date

175
18
200
195
202

reading for the light costed tissue was 202 and the minfwmm voadis

medium, ond hesvy coated tiseue ave due to changes in

ness of the esrbon ink costing snd changes in the density of
the paper, Tt is thought that the latter factor affects the changes
in the phototube current much less than the chenges in the thicimese
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of the carbon ink coating inammch as 1% is belleved that a

given change in the weight per wmit aves of the carbon ink coating
has o gueh mrester sffect tranemission of light throurh the
sonted tiseme than the same change in weight ver unit area(density)
of the paper,

tissues received from the memufacturer, These four pots of tismes
had the smomnt of ink in pounds per resm determined by the Jjelly
halance method ms deseribed previously, The paper in esch of the
four sots of tissue wag nade by the Fraftex, Tnternationsl, end
Browmeville Paper Companiea, In two of the sets the peper wao mede
by Internstional, but the parer in cach cnse wes of a 4ifferent type,
One paper was brown; the other was & grayish broam,

The first set tosted consisted of Kraftex cooted tireues. Fey
each jolly belance value obteined Wy mamufacturer, two ploces of
costed and unovated tissue were used, These coated and unooated
tissues wore cubt from the same roll of tissue and used to onlowlate
the folly balance valnes (mmber of pownds por ream) in the roll of
coated tigsue after a run on the soating mashine, ss nentioned pres
tissues and mouwnted on the shaf™t of the sewing machine mobor,
nts were talen of the average amount of 117ht transeitted
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peres are listed in this table,

Table 11

Eraftex Conted Tissue "Mates" Readings Versus Jelly
Balanee Rendinge,

8ﬁ$$@$ﬁ£ﬁ§§§§$§:

99
175
18
107
90
a
o8
80
&
4
3
23

@meme&me ' balance
readines 4.9 &,Smmmﬁamﬁmmttwmm
M&m‘m and this wes borne out in the phototube current

2

of phototube current) in Table 1l ave very close in value with the
expeption of the "mates” for jolly balance values 4.3 and 4u9e
Visual comparisen of these 4.3 snd 4,5 jolly balance “mates” in
ite "mate”, This was confirmed by the phototube current veadings.
figmes, See Figure 17, Straight lines were dram from peint o
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point for the higher values of phototube current plotted, ilso,
straight lines were drasm from point to point of the lower values.
Another set of comted tissues was tested. The paper in this
group was manufactured by the Internationsl Paper Compeny, Its
oolor was greyish brown, Dynamic messurements were taken on thess

Table 12,
Internstional (Greyish Brown) Goated Tissue "Mates"

P R

faazzasgags,;
SRRebALEY

G i e wiwiors S

mwmammmmwm
balanee figures. mmmﬁmmmmn@mm
the higher values of phototube current plotted and from point to
point far the lower velues as well, See Fipwe 18, Here again the
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A third set ol scated tiscue "mates” was tested as sbove.
The paper in this set wss made by the Drowneville Paper Company
Jolly belanee velues and the phototube curvent readings for this

Table 13,

Brameville Coated Tissue "Mates" R




78

T 4 )| g (3 , ) i 1 T 3 = T T : EFTSS T z pival 3 %% SEEG( FPUEE S S SRS 3
“ 2GR e | S G e 5 0 T : i i ey i 192 I i 1= s 2 i Sena SEE 8 sl =i S8 D RS et s 2
re=n ot = i e =t rpa e R e e iep gy =Ea e a e Bt ES=Cs SehepReRboEueenEItes eban Gt e lon SRaESC e Sopsetd
e { S8 5wkl s (e e R e . b S =S 2GR Soa s el e e eI e SO GEELE SEENSas e bh 18 LA L OE NESStE S2SSUEIENE Sas ik iRaliasnisSiisanas
S R BT S o T : s ﬂm 3 _m = 1 : : : } i : e
it s E ey i w —..-Mv. ! =S St b e L b e e e i
+ ;‘vr - - e } -t - H alg = 2 3 1 L eiec ,“ - REETC = o ! Syt % 2 “ e fi==y <.

t
it b

|
.
3

|
LNI¥un

2l
|

e e

1
T
M

Cinan ] |
555 e s et RO s O i mu:.z JFDNVIVE| i
,.ﬁ;.,ﬁ,_f.,..ﬁ.ga»d 543A |SL wzmm:w,qmz: fe

“JYN1YI0OHd FLVW, MSSTI TILVOD
1?;93 :m;mm_mi._qzé.izmuﬁz_l

tl

.
I

3 H
!
sAEE SRRIN FSREE BSRS CaTn aE St ERLLS SEnd BESSR SRS S0 9RREn &

+
! ! :
Hain 5l ! ! T

ﬁ i
i

'Y 'S "0 NI 3AGYW HODNI d¥3d 0T X 02
‘00 N3ISDZLIIIg INION3 5 HAdVYL HAVYMHD N3IODZLIIG Oc ore ON



E

et

VL V) i B
|
{

{
}
|

E

SNS¥IA SINI

e

lmm< 3

o

!
2T

I

_

2t
R |
RN

i
|5 REE
{ t
| 1
. 1

Soh

A

B Frsarss = e o s e

ni

WY O YDV
9 38NLC

bl a8y e

o)
<

ino

|
1
1

s34y
LN3¥

' BP0 (00 IIO SCLED MOREUEC... ISIET B Wt [y EREFEOL . B

§
{

i

8

SENGIAY S oy

] _

JONVIVE

NTYA 3ONVT
3w 38n

3YNSV,
TgILVC

i

HONI ¥3d 02 X 02

N3ISZ13IC 3INION32 H3dVd HJIYHD NIODZLIIQ G



80

very closely as shown,

Adatinguished MWWMW@W&M%&#W
national) coated tiscues, tested ebove., The plototubs cwrrent
versus Jolly balance date is shawm in Teble 14,

Teble 14,

" Tigoue {M} *Jotes" Roedings
Potted w Jolly Balance Moadings,




g1

together with the exception of the 6,0 jolly balance "mates”, Viee
ual compurison showed thet one tissue wes derker than its “mote” and
this vas Borne oub in the phototube current readings.

The sbove tests on the four sets of tissuss show e very marked
pongistoney with whieh the "mate™ valuos agres, This is copeslelly
tisoue "motes" compeared in each case (with the exception of the 6,0
Jolly balence Ymates" of the Inteynationsl lwown paper, the 4.3 and
olance "uates" of the International greyish brwin paper) have ape
proxinately the ssme thickness coating of carbon ink, Since in each
~ oase the "mate" tiscuss were out from the same roll of tlssue, 1t wes
slso voncluded that the effect of the warying dennity of the paper
wng at a minimom,

Reforence to Pigures 17, 18, 19, and 20 shows very definitely

olly balsnce values. An ablempt to discover the measen for

fom, all of the uncosted tismues in this set wore cub up
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a3
snoe and phototube current values in Teble 15, The areas of all
the uncosted mnd conted tiswues weighed were all equal, cach smple
eighed boing eiroular in shape, having a diameter of 7 incheas,
and an aves of 38,165 sgure inches.
| Reference to the welghts of wnccated tiswue in Talle 15 shows
& considerable veriation in density (weight per unit area) of the
*mates®, Bven thoush the two ussoated tissues comprising the
"nates® vere taken from the swme tissue roll, the difference in
weighte is considerahle, as high as 36,2 miliigrame as noted for
asoparsted points on the same tdssue rell, The only way this error
could be aveided would be to weigh the tissuwe before it is coated
would then be the Lrue welght of the Luk costing on the coated tissue,
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2

nk deposited on sach of the tismws In a pair of “mates” is appromi-
ot ying density (velght per unit sres)

nge ave shown in Table 16, The
sraged as shoun in the table,

taken sz the weight of the wndamaged tissue, Hince the Keaftex tie
howed thet the differences in welghbe




asggsaReest,g |

383 sgmsyrgersssnn

ek )

“ 4 a1 A ;

5 levd B
o - g ;




the ink MWM) were paired off with the phototube ¢

patred vith the lower value of the photiotube ourrent snd the lighter
velght obtain S

ewrvent, Hoo Table 17, A4 sample ealouletion foll
Semple Caleulotions

The average weight velue of the weosted tlssues (656,25 Mg,) wes sube
traote! from each of the costed tlssue weichts s follows:

816.5 830,90
b m«nﬁﬁ - m‘ﬁﬁ

Wlmmmmmmmmmmmmm
Pastutuin Gurmgerd
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of the contings = ssponding phobtotube
in Table 17, MWWMWWWMW
proxinete welghts of the fnk wnd o curve

imm oo mawmu%mm} aro definitely o funobion of the
thickness of the cerbon fuk, The varying density of the Kvaftex
type paper seems to bo a uinor faclor,
mﬁmﬁumwmmmmammmmm
the ink, Tirst, thet uncoated tissues from each of the menufacburers
These semples cowld be welghed end as wide a gyreed of densitie
Wmmim. These wolght values would be recorded snd

mmmmmwwmmumwmwm

thicimesses of fnl using o paint sprayer
out using the comting mechine of the menufscturer
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a
nts with the miltiplier phototube thickness indieator

sotild be taken and the effeet of the paper could readily be evaluate
od from the data obbained ss above,

Dynamie measurenents

manner ag the mothod used on the coated tissue. The appernbus
got up as chown in Pigure 22, The lamp wes set et the sero mark on
the optieal bench, The first lens was plesed et the 79 ceniimoter
mark, the paper st the 91 centimeter mark, the second lens at the
msmwm«wmmmmmmmmm&mw
tiessue had the lamp placed at the 43 centimeter merk, the firet lens
at the 73 centimeter mark and the paper, second lens, md phototube

ghanged, Thus the intensity of the light wes reduced to about onew
fourth its previous value at the surface of the peper inammel
Wmmmmmwmmmmygmww
of light energy transmitted through the tiseuves as s funobtion of
the density of the tisoues as plaed up by the phototube md ine
were revolved at 400 RPM, simileting a tissue velocity of 628 feet




Plgure 22, Vi«m M Arpepstue for Dynamie Messurcnonts of Theseted
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The mesn welue bebweon 170 and 120 is 145 end 143.4 is close o
this walue, Thue the limits for the six rolls were apwexinately

No, 5, versus 50 microsmpores mmmmwmm
e lowost dif7erence noted between mevimmm and minimm values wae
way be cvonsidorshly AlfTerent in denaity,

Two clrenlar seples were cut from each of the gix yolls of
tissue montiomed ahove, MWMMWWWMM

romenbs ond the tismues were alse welghed on the enalytioa
belance, mmwwwmmmmw
the weighte of the tiseues in milligrams. An Anteresting ourve wae
the reault, See Flgure 23, The curve shows thet the il Lag
’ s warintions of the density of the paper wnd that




Table 18,

Dgta on International Uncoated Tissue Taken from the
Six Reolls of Tissue Recelved from the Nanufachurer

fioll No. Holl Ho. Roll Ho. Roll No. Rell Ko. Rell No.
One Two Three .. Jour Five Six
128 136 185 180 140 147
125 138 165 147 143 180
128 135 165 187 148 143
12y 143 158 155 157 141
183 138 160 1486 150 162
123 135 160 143 150 144
125 135 152 140 160 143
124 138 154 147 158 147
122 151 181 148 160 148
139 135 158 163 149 138
126 132 157 148 153 136
127 143 157 146 i62 149
128 1386 57 148 1686 140
129 186 153 154 158 148
127 143 188 151 160 14
123 140 170 153 1656 148
iz 140 158 153 158 143
i26 140 1s8 145 156 144
124 159 155 151 187 142
123 135 170 154 168 145
126 141 153 148 145 147
128 138 163 150 150 145
128 143 lse 146 1456 147
134 144 155 150 143 145
128 137 145 143 1338 145
130 144 140 148 146 143
128 140 147 145 148 150
120 140 1486 143 145 145
128 139 162 143 143 146
131 135 188 140 147 144
138 140 161 151 150 150
126 140 180 140 144 148
125 142 162 147 148 145
138 140 147 144 140 143
139 140 151 148 140 150
130 140 146 147 136 145
140 143 150 1485 142 148
129 144 160 142 143 146
134 144 180 144 141 140
183 140 - 148 140 135 148
Avge 127,588 Avg. 138,735 hvg. 103,388 Avge 146,988 Avge 149,828 Avge 144,875
Max. 140 Max. 144 Max, 170 Max. 187 Max. 168 Mex, 152
¥in, 120 in. 131 pin, 140 ¥in, 140 Win. 135 #in, 136
bigf. 20 pigr. 15 mee. 30 pirg. 17 Difr. 33 pife, 16

Total iverage for the 9ix Rolls: 143,400
Veximum 170,00
inioum ¢ 180,00

The sbove figures are in m;emperes.
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were taken from different tissue rolls, the miercampere yeadings

of 22 mioroampares,

ave shown in Teble 21, The curve drawn from the data plo bt
mmw?maaﬁ. x&wmm&;mmmm
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tissue rolls, most of the tube gurrent readings plotted betweon
donwity from roll to roll ie not very great.
ted Internationsl brown tissues were m@m nd
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dengities of the tlssues. For the pointe that do not plot an the
‘ollowing explanation is offered, A definite source of

of tissue 15 measured In oach cese, It is thought thet AL the ring

of tissue sctuslly swept by the light beam could be separated from
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that the intensity of the 1ight beam had to be reduced by closing
tissues were tested, WMQWM%MWM
scale, mmmmﬁmmmzmw

igties,

mwmmsmymwm;mu
nge baken on the coated tlgaue
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shoved that a given easll svea (8} x 11 inches, @.8.) of uncont
were a functien, in the main, of the thickness of the carbon depesit,
The paper d3d deersage the level of light intensity but 1% did a0 in

8 reasonably wniform marmer for tlssues cut from a given length of

the ink conting lessens the effests of the ohanging density of the
paper to a considersitle degree., The static measwrement
tissue showed that the Eraftex tissue stbenusted the light enevgy
to & lesser degree than the Brownsville and Intermationsl (brown)
1ight energy about the seme amount as shown in Figure 14,

of phototube current sgreed was demonstrated in Pigures 17, 18, 19,
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demonstrated, 1t is belleved, that the two tissue "mates" compared
vall of tissue, it vas alse concluded that the effect of the varye
ing density of the paper wes at a mintmm,

oould be traced to the fact thet the two uncosted tlssues in a
jolly belance set do nob necessarily weigh the swme as the other twe
and the difference in weights obtained by subtracting the weipht of
ffevence doss not neeesserily equal the weight of the ink couting,
This s ene explanstion of why the photobube eurrent readings versus
e veight of the ink coating on the Erafbex tisw

rarmfacturers, Refer to deta under Dynenie Mespurements
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shows that the phototube current variations ave definitely a fumoe
Won of the thickness of the carbon ink deposit variations, in the

in the dynmaic mensurements of uncoanted tissue it was digw
meagure the weight per unit ares of the uncoated tiseues, &lm.
end Brownsviile tissue to be the most wniform, the Internstional
greyish brown tissue to be the leest wniform type of tissue tested
with respect to light transmission measurementa,

ness of the oarbon fnk deposit on a moving web of paper. The

absciute effect of the werying density of the individual types of

paper is not fully lmown, but it is believed to be emall enough
(2) in absolute debermination of the effest of the varying
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the samples a™er thay sre conted, The difference in welslt obtaline

wolght of the tissue affer conting weuld be pore pogrily

could thon he telen of the oouted tloeuw snd measurenentc

be mede also on the wocated tissus prier to coating, es woll,

Cortdng of the sireler seeples could be secorplished M 0

mw%ﬁhmmﬁmﬁﬁwwwm&s&wm%

glve a mch move seswrate idea of the effech of the waying density

of the paper on the photetube nessurorente of ik thickmoss,
mmm«mw@mwmmmmmmmm

a rives roll of tizcue Yo a relatively el degyee, It verdes to

eoated tissue, mmmwmmmmmmm
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ototubes could be fed into & bridge or comparison network and a
differential voltage obtained that would be a function of the
mmﬁmwg A narvow bend of wevelengthe of light
the light energy transmitted through the coated tlssue would be a
function of the thickness of the earbon ink coeting alove,

coating on a moving web of paper. The absolute effect of the

od on these messurements has not been fully determined as yeb, tut
1% 1s believed that if a given type of tissue is used the density
hanging the type of tissue when ocosting vould necessitate re=

tm a different W of tissue was M
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the thickness of tissue paper as it is being manufectured and in
@i ferent types of tissue fed imto uhe ink coating
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Readings in Licroamperes of the
216 Square sreas Tested on Carbon Tissue Ho. 7
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Readings in kiorommperes of the
£16 Square ireas Tested on Carbom Tissue No, 11
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fleadipges in ¥icroamperes of the

216 Sguare spreas Tested om Carbon Tissue lNo. 12
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Headiugs in Wicrosmpe res of the
816 Square Areas Tested on Carbon Tissus lo. 13
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Headings in ulcrosmperes of the
£16 Square isreas Tested on Carbon Tissue No. 14
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Hesdings in Slercssperes of the

216 Squars Areas Tested on Carbon $lssue Ho. 18
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Rendings in iicrosaperyes of the
216 Square Arese Tested om Carbom Tissue Beo, 23
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Total Average:
Jolly Balance:
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768.89

Note: x means omiited from aversging.
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