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1 - Synopsis
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Purrpce of the Invectication

The investization which is outlined in this report
was carried out witn the following threefold object &s a
guide:
(4) To obtuin & working knorledge of light centrelled,
secondary emnission, electron multivlier tubes.

(R) To deternine the -racticesbility of vacuum tubes
of this tvve when emnloyed with suitable circuits and
auxiliary e~ui~ment tc generste high speed facsimile
test waveforac.

(C) To conzicder a few possible scanner arrrngements
and briefly outline for reduction to practice thoce
that zre founi to be suiteble. ’

Genersl Procedure

A ten stage, photoelectric tyne, secondary emission
electron multinlier tube vas obtained from the btadiotron
Pivision at Harriscn and a test "tea-wegzon” was built up
to house the ecuinment which incluced a television receiver
type novier pack cbtained from the Victor Division &t Cam-
cden end & 1200 volt rectifier. A special licht source,
lens sycter, and cnopver c¢isc assembly was constructea for
supplying ligzht to tne tube.

Stetic and dynamic characteristics were determined,
the latter tests beins made prircipally st 60 and 12,000
cycles ver second.

L few tests viere mzde to determine the f=asibility
of introducing =zn a-c carrier fre-uency into the electron
multinlier so that o light modulated a-c wave would re-
sult in the output. This was tried electrostetically
and magnetically.

The electron multiolier outvut vwas also used in a
balanced modulator to modulate a 75 kxc carrier. In con-
nection with this a smecial compenseting or counter emf
circuit was used to imnrove the linearity of the modu-
lator. The re-occurring phenonena generated by the
specially prepasred chonper disc was used successfully
to test facsimile ter.ainal facilities ~t keylng speeds
up to 12,000 cycles per second.
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1.3 - General Statement of Findinos

On the basis of informetion obtained to date the electron
multiplier has a very definite rrorise of wroviding et least
one scheme for satisfactorily scanning subject matter at
"page a minute" speed. The znparatus arrzngement to be de-
scribed provides an extremely flexible tool for use in the
investigation of high spveed facsiinile terminal and radio cir-
cuit resuirements.

Reconmendstions

Experience with the electron multinlier test zssembly de-
scribed in this renort indicates that it can be successfully en-
nloyed to generute accurately controlled high swneed facsimile test
phenomena, It is accordingly recommended for studying ter:ainal
and radio circuit renuirements.

It is &lso recomnenced that the study of the generel per-
formence characteristics of various electron multivlier modifica-
tions be continued in cooperation with the Victor end Rediotrcn
divisions of RCA-lanufacturing.

Also, as time permits, that detailed consideration be
given the following:

(a) Introduction of carrier ac into the multinlier by the
electrostatic method.

(b) Determination of the minimum number of multirlier stsges
or winimum total voltege necessary to give sufficient outrut for
scanner applications.

(c) Further develovment of a suitable modulator, nrohsbly a
balanced tyne.

(8) If theoretical considerations and vreliminary experimental
work indicate the desirability, the construction of a high speed
scanner using a sulteble electron multiplier tube &s a pick-u» unit.

Detailed Discussion of Inveztigzation

3.1 - Statement of Problem

For the study of terminal and radio circult recuirements
for the successful handling and transmission of hish speed
facsimile signals it was desirable to have a test soparatus
or device wnich would produce such signals or waveforms of
voltage and current. Ordinary vacuum tube osciliators do not
readily produce these and high cpeed scanners vwere still in
the wrocess of development.
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Furthermore, there was still the desirability of determining
a suitable scanner to be nsed in a facsimile system capable of
handling a letter size sheet per minute. In present speeds of
facsimile operation there is barely enoucgh outmut from the
photocell to operate circuits of rinimum acceptability. Higher
speed operation requires improved response, esveciully a
linear frecuency characteristic covering a wider band. Higher
outputs are elso desirable, since, with these, some of the well
knovm types of modulators could be controlled directly.

Tte photoelectric type, secondary emission electron multi-
plier appeared to be a unit which would supnly roth of the needs
outlined sbove. Hence, it was deciced to make a preliminary in-
vestigation of the chearacteristics and some vpossible arnlicaticns
of multirliers.

Resume of Electron ultirlier Theory

The construction, . theory and operation of cecondary emission
multipliers has been described at length in Reference 1. A brief
treatment will be given here 1o familisrize the reazder with tne
functioning of the magnetic, photoelectric tyve.

Fig. 1 of Sheet A shows the arrangement of electrodes and
resistors inside the tube and also the usual external connections
for a 10 stage experimentel tube.

The electrodes are divided into two generzl grouns —————-
accelerating plates and emitters. Electrodes b, d, f, n, j, 1,
n, p, r and t belong to the former group and a, ¢, e, g, i, k, m,
o, g and s to the latter. v is the collector &nd u, the screen.
In the tube used in this investigation the first 6 accelerating
electrodes were maede of screen so that light coulc be focused on
any one of the first 6 emitters.

The multinlyirng action in the tube is a result of the ratio
of secondary emission electrons to bombarding electrons on the
emitters being grester than unity. Light, falling on the first
enitter a, releases electrons by photoemission (the emitters are
cepeble of photoelectric emission as well as secondery emission).
These clectrons: are attracted by and accelerated toward electroce
b which is at a higher potentlal than a. Except for the presence
of a magnetic field whose lines of force are at right angles to
the plane of the sketch in Fiz. 1, sheet A, the electrons would
go to plate b. However, the combined influence of the electro-
static snd magnetic fields causes the electron path to be curved
as shown in the sketch so that the electrons arrive at plate ¢
which is at the same notentisl as b. The electron velocity at
this bombarding point is sufficient to cause avppreciable second-
ary emission.






A ratio of secondary electrens to primary electrons of 3
per stege can readily be obtzined in a 10 stsge multiplier. The
increased number of electrons emitted by plate ¢ is acted on by
the next sccelerating electrode and the magnetic field and then
bomtards nlate e. In this manner the electron streams are
amplified as they pass dovm the tube until the l°st plete v collects
the final emission from s.

The distribution of voltage on the nwierous electirodes is
accomplished by means of a tapped resistance bleeder. To avoid
having too meny terminals on the tube the bleeder resistors for
the first few stages are mounted inside the tube envelone. The
output current mey be passed through a resistor Ry where an emf
proportional to the lizht will be developed.

3.3 - The Physical Setup

3¢31 - Genersl

Fig. 1 of Pnotograph R-319 shows the genersl arrange-
ment of the electron multiplier test setun. This shovis
the top compartment of the "tea-wagon" with the light
source and chopper disc assembly. This compartment is
26 inches wide by 17 inches deep by 15 inches hizh. The
front and ton, which are on hinges so they may be turned
u» and back out of the way, are ecuipped with interlocking
switches so that the power supplies (1500 volts and 6300
volts) cannot be turned ¢n while the compartment is open.
The ton, front and right hend end are made of transparent
material so that meters may be observed from outside. The
bleeder or voltzge <ivider resistor bank is mounted in
the back of the compartment and the output meter and inner
tube compartment, toward the front.

Fig. 2 of Photogranh F-320 is an inside view of the
inner tube compartment tanen from above. The field
magnet is shown pulled back to bring the tube into view.

A rotatable base is controlled by an external knob so that
the tube may be turned sbout its axis to bring it into
proper reletion with the magnetic field. Slots through
both compartments provide an unobstructed path for the
light beam.

Photograrh ®-34%4 end Fig. 1 of Photograph E-320 show
the light source assembly. This unit was made to simulate
the reflected light produced in un ectual scanner. It was
designed to comply with this in three respects:
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1st, same aperture distortion, 2nd, same light quantity,
and 3rd, same top frequency of light fluctuation for page
a minute speed. The assembly consists of a lamp house,
10 volt lamn, a lens barrel, and a motor driven chooper
disc.

Detgils of Light Source Assenbly.

Fig. 2 of Sheet A gives the detezils of the optical
system. The light is supplied by a 50 watt, 17 volt
lamp 1 which is operated st 8.5 volts. The first unit in
the lens barrel is a condenser lens 2. ¥rom tris the
light passes through two screens 3 and 4. The first is
one of fixed density which was chosen so that the light
outout of the system fclling rn plate 11 would be the same
as that reflected from a coanventional scanner drum fzr '
white subject matter. Tinie value is ebout 6.4 x 10~
lumen. Screen 4 is a stepped, density wedze slide, the
top of which may be seen in Photograph R-34/ projecting
upwerd to the right of the lamp house.

The next important part of the onticzl systea is the
aperture 5. Two of thece were used; the first one vas
0.025 inches squere end the second, 0.012 inches hizh by
0.025 inches long. These values, as will be explained
later gave the desired aperture distortion.

Lens 6 focuses trhe imege of aperture 5 on the chopper
disc 8. A mask 7, having a small round hole through its
center, cuts out most of the stray light arriving at this
section. Lens 10 picks up the light as it comes through
the chopper disc and brings it to a2 5 millimeter spot on
the photoelectric cathode 11 of the tube which is to re-
ceive the light.

A close inspection of Fig. 1, Photograph R-320 reveals
the details of the chopper disc which is driven at 1800
RPMd by a 60 cycle, synchronous motor. Two alternate 90
degree cegments of the disc are solid. The other two
alternate 90 degree segments are divided radially into six
different bands. The outer or first band is cut away so
that when this position is used 60 cycles per second sqguare
wave chopning is done. The second band has 100 teeth and
100 slots, each 0.032 inches wide, in each of the two 90
degree segments. This band, then, produces 12,000 cycles
per second chonping. The next four bands produce, respect-
ively, 4 imnulses, 3 imnulses, 2 impulses, and 1 impulse
of 12,000 cycles. The disc drive motor is mounted on a
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sliding bease so that any one of the six bancds may be
brought into the light beam at the proner point.

Chovper Fre~uency Conciderations end Aperture Tistortion

For a 10 inch page pcr minute scanaing the

Ccrew Advance = 10 = 0.1A57 inches/sec.
60

For standard line advence of 120 iines ser inch the
Serew Advance = 0.1667 x 120 = 292 lines/sec.

For a standard drum circumference of 9.22 inches the
Linear Scannins Speed = 20 x 9.22 = 184.4 inches/sec.

The stems and bars of letters of 8 point type are
0.,0082 inches wide. Taking twice thic value or 0.01€4
inches an the length of 2 cycle in scanning such letters,
the follevwin: is obtained.

Vaximunm Tundamentel Scenning Frecuency for Page @
¥inute Cpeed

= 184.4/0.0184 = 11,2/4 cycles/second.

Hence, the chooner dicgc was cesigned to simulate 12,000
ecycle scanning, vhich is a slizhtly greater recuirement
than that actually expected.

In the stendard ALA-Q1/ Scanner the light spot as it
strikes the drum surface is 0.006 inches by 0.004 inches.
The first aimension is that measured varsllel to the
direction of motion of the drum surface at the scanning
point. IHence, the period of aperture distortion in
scanninz a letter bar cycle ( = 0,016/ inches) is given as

005 = 0.366 cycle

Averture distortion = 0.
0.0164

32.5 x lO'6 SecC.

= 0.365 x 1
11,244

2.5 microseconds
for vage a minute scanning.

In designing the chooper disc a diemeter of 2 inches
vias selected. Too large a disc would recuire & large



rotor and too smell & disc would require teeth and slots
too small to be made accurately. ith the 8 inch disc
the teeth were made with a 1/32 inch cutter and spaced
about 1/16 inch epart (center to center). This made

the finished teeth and slots each practically 0.032 inches
v.'ideo

For the same asperture cistortion as discussed above
the light spot shouléd have a

Width = 0,366 x _1_ = 0.0228 inch

16

The aperture 5 (Fig. 2, sheet A) was actually made
0.025 inches sguare vhich gave slightly more distortion.

The oscillograms shown on Photograph sheet R-332 were
made witn thls sperture. Since the duration of the flat top
of the wave wes very short another aperture havinz z width
of 0.012 inch was made. The oscillographic results of this
are shown on Photogranh sheet R-333.

34 - Stutic Chrracteristics

Figs. 1 and 2 on sheet B are siketches of the circuits usel
in Jeteraining some of the static characteristics of the electromn
multiplier and on sheets C and D are the curves resulting from
these tecsts.

The double, heavy voltage divider rystem showvm in the
circuit diagrams was used to insure good voltage rezulation at
all the multiplier terminals. Practically all the tests were made
with a total potential of 1520 volis which was divided into 130
volts per stage and 200 volts for the collector or anode. ¥ita this
condition and zero resistance in the anode circuit the data for the
resonance aad linearity characteristics showm on sheet C were talen.

Fig. 1 shows the relationsnio between the anode current =2ad the
magnebic field strength for the major resonance nezk. This curve is
siailar to one shown in reference 1 and shows the necessity of holding
the field coil curreat constant. It was observed that operation of
the tube on either side of the rescnunce peak caused appreciable
noise in the output reculting from small irrezularities in the high
voltage or field supnlies. The most stable oneration, as well as the
maximera outout, was obtained when the conditions were such that the
tube was verforaming at the top of the regznﬂnce hump. The amount of
light used in this test was about 5 x 10 ™ lumen.
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Fig. 2 of sheet C is a linesrity check on the multinlier
for small quantities of lisnht. A lizht density welge wasz celi-
brated by means of a staandard +ype 913 nhotocell with a compar-
atively large amount of 1lizht and then the wedge vas used to
check the multinlier with about 5 x 1777 lunen maximua. o data
was taken for large amo:nts of lirht since Lthe saturation point

was believed to be well above oae milliannsre of outont currant.

Figs. 1 and 2 on sheets B and D show the test circuits and
results of variation of load resistance. Fig. 1 on each sheet
is the case for normzl oreration with the lo~d resistor in the
anode ecirzuit. Uith this condition the ontput terminal at ground
potential is the plus lead. The circuit was also arranged as in
Fiz. 2, sheet B, so that output voltage of reversed
polarity witn respect to zround could be obtained. In this case
the termin=l ut ground poteanti:l is the negative lead. BRotn
of these schemes viere tried beczuse either nolarity, with respect
to ground, mzy be desirzble depending on the tyne of modulation
to be produced. It should be noted that there may be odbjections
to the second scheme since the variation in IR drop across
the load resistor alters *he potential of the last exitter and
the accelerating electrode conuected to it. However, the curves
for output voltaze are similar in shape, and in wractice the
load resistance mey be kepnt low enouzh to 1limit the output to
a few volts so that this alteration of electrode notentials may

not be objectionable,

The two tests discussel sbove viere conducted with 6.4 x 1074
lumen of 1lizht, which value, as mentioned previously, is ecuivalent
to that reflected from whitz subject matter on a standard facsimile
drum. This value was deternined by measurinz the current in a type
913 phototube when receiving the reflected scanner light. The
light from the lizht chopper lens system was then directed into
the same cell and a light screen selected to produce the same cell
current. It was assumed that discrepancies due to color differences
in the two sources could be neglected. The numerical value given
above results from the rated sensitivity of a 918 cell (110 microam»./
lumen) and the mezasured cell current (0.07 microaaps.)

3.5 — Dymamic Cheracteristics (Experimental

Photogravhs R-332 and R-333 are the results of a series
of tests on the electron multiplier when operating with “chooped"
light. The circuit of Fig. 1, sheet B, was used to obtzin all of
these. For the oscillograms on R-332 the eperture distortioa was
32 microseconis for the 60 and 12,000 cycle tracinzs and 43 micro-
Seconds for the 8200 cycles while the uuantity of light for all
was about 10~3 lumen. For those on 3-333 the aperture distortion
vas 16 microsecondis and the uuantity of ligzht, 6.4 x 10=4 lumen.
These two groups of oscillograzms were obtzined by contect ex-
POsure corints on the glass screen of the RCA tyne TWiV-122-D
OS<i1lloscopne, whose vertical sensitivity was 90 volts per inch.
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In considerinz sheet R-332 the effect of load recistence and
capacitaace on the wave form is not very evident except for the 60
cycle sauare vaves., Tne influence of these factors on megnitade
is quite prominent, however. EReferrins to rigzs. 1 and 5 or to
Figs. 2 and 6, the output voltuge is seen to be proportional to
the load resistance as would be expected. In Fig. 5 the outnut
voltcge neaks are 70 volts. A comparison of Figs. 2 and 4 shows
a decrease in magnitude due to the current shunting effect of a
small condenser in parallel with the load resistance. The aperture
distortion was so zreat for these cases that the waves apoezr to
be almost sinusoidal.

The 2000 cycle oscillozrams were obtained by driving the
chopper wmotor from a 40 cycle mechaaical fork sunnly. The ten-
dency for flat top on the waves is evident in Fig. 1. The theor-
etical duration of flat top in this case is 1/8 of a cycle. In
cpite of the efforts to reduce the strzy canacitance to an ab-
solute minimum the corners of the wives are still slightly rouanded.

Fig. 7 shows the guelity of wave form for &0 cycle stuare
weve with en aperture distortion of 32 microseconds. This wave is
perfect for most practical purooses. Fig. 8 shows that the shunt
or stray capacitance can be as great as 2.005 mfd. before this
vavelora is altered appreciably,

° The waveforms on sheet R-333 give a better indication of the
dymamnic perfornance of the multinlier. V¥ith the anerture distortion
reduced to 16 microseconds the flat-topped nature of the waves is
very pronounced. Figs. 9, 11 and 13 show the effect of varyinz the
load resistence; "iith values of 100,070 ohms or higher the flat top
is distorted. For a 50,099 oha load the waveform is zood and the
peak velue of voltage is 22 volts; this is from 6.4 x 10~% luuen of
light. EKeducing the lo=d resistance below 50,000 ohus imvroves the
wave shape slightly but decreases the output voltage directly.

Figs. 10, 12 and 14 show the influence of shunt capacitance.
The first and last of these were taken with a loed circuit time
constant of 10 microseconis wnica distorts the vaveshape anvre-
ciably. The wave of Fig. 12, which was made with a time constant of
5 microseconds, might be regarcded as the 1limit of allowable distortion
but even in this czse there is a time lag which does not show up in
the oscillogram. Ses section 3.6 of this report for explanation of
this lag.

Tigs. 9 and 15 were made with identical circuit conditions but
the latter was nroduced with the lizht -uantity reduced considerably.
This test was carried out to show that the waveform (except for
change in magnitide) depends solely on the circuit constants. A
close exainination of these oscillograms will show that this is
true. The magnitudes are different but the forms are the same.
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Fig. 16 was made to show the effect of light saturation on
the output waveform. The neak value of current in this case was
about 5 milliamperes and the light, several times normal,

Dynamic Characteristics (Theoretical)

The response of the load circuit of the multinlier to the
output current wave caused by incident 1light fluctuation can
readily be determined methematically as follows:

Except for the case where the load circuit contains series
inductance the output current from an electron multiplier or a
photocell can be expected to follow the incident lizht fluctuation
almost precisely. This is true only as long as these devices have
sufficient anode potential to be well above the saturation point.
The output current is then independent of the applied voltage.

It is the purpose of this treatment to show how much the
voltage across the load resistance deviates from followinz the
incident light variations when leskage or stray shunt capacitance
exists across this load resistance. Two cases will be considered:
First, the recsponse to a single rectangular impulse, and second,
tae response to a single syametrical trapezoidal imnulse.

Case T

Fig. 1, sheet F, shows the circuit and notation that are
to be used. For Case I i = f(t) will be defined by

i:f(é)-'—‘o )COI' Z(O)
i:f(t):l for 0<l<{, )
and 1=F(t)=0 [for t>§.

Applying Kirchhoff's First Law to the Circuit gives

IC+IR=I' (,))
Applying Kirchhoff's Second Law gives

v y

Rir=7J% dz. (3)

Combining (2) and (3) produces |

.o | .
=k +re /i dt. “

Heaviside's operational notation and method may readily be
applied to (4).
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(7+Eﬁ94=17 o
or '.c=6P_-';P_k'IE‘_ 17

The solution of (5) is
. 24
- - /Re¢
e=J1e 7" (7)

Since the load voltage, € is desired, it is obtained thus,

€,=Rin=R(I-;)=RI(I- € ™) ©

This is a well recognized fora. It is similar to the ex-
pression for the rise in current in an RL circuit when unit
function voltage is apnlied. Fig. 1, sheet E, shows the rec-
tangular impulse as plotted for the case of R = 50,000 ohns,

C = 100 mmfd. and I = 5 x 10~% amp., up to the point where
t =t = 30 microseconds. :

Beyond where t = t{ 1 =o0and i, = -i,. If the variable t

is now measured from ty as a new zero voint the condenser dis-
charges through the resistor according to

. <&

where Ir is the initial value of the discharge current.

The load voltaze in thls case is

eL=RIR 6~VRC (10)

This has also been plotted on the same gravh.

The complete curve shows the characteristic "roundinz of the
corner" effect that is frecuently noticed when sguare wave is applied
to amplifiers, filters and other circuits. The smaller the value of
RC (the time constant), the more nearly the response approaches the
actual applied waveform.

Case II

In facsinlile scanning the light variation is never a true
rectangular waveform due to aperture distortion. The theoretical
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variation simulates a traperzoid as illustrated in Fig. 2 of
sheet E. For this case i = f£(t) may be defined by

I=F)=0 for ¢<o,
[= (=Kt for 0<t<i,,
i:f[t}: z _ for &,<2<%p, (11)
i_-:%):(lféf])-)(t fO" t2<t<t3,
and I=Ff()=0 for 2>8.

There are now four periods to consider.

”

period & (04 Z <)

Equation (6) may be altered to aoply in this case as

follows:
. P
lo = é,—:t: Kt 7 2
e *RC) ’ (12)

since I now becomes Xt.

The solution of this equation can best be accomplished by
application of the Supernosition Theorem which is usually written
in the following form taken from page 56 of "Operational Circuit
Analysis" by Bush.

4= e(d)A(f)%(z‘~ AelA)da. (13)

In this, e(t) is usually the appiied voltage function but will be
Kt, the apolied current, in our case. A(t) is the indicial ad-
mittance which, by equation (7), is E ¥RC . e accordingly
have the following velues to substitute into eouation (13):

e(0)= 0 8
A(t)=&"7R¢ |
A(t-1)= € WRe -

e'(a) =X






Substitution of (14) in (13) gives

L i/é%f.v\)/nckd’\___/(E‘/Rzgamcdh' 1)
Integrating and simnlifying (15) oroduces
"c = KRC ("é~t/RC). (16)
The load voltage vill accordingly be
e,= Riy= R(KE~L)= KRE-KRC(RER)

The curve reculting from this ecuation for period A is
plotted in Figure 2 sheet E, for K = 31.2 auns./sec. and the other
values as previcusly given,

An interestinz and immorteont fact is brought out by the
above develomment and the resulting curve. The voltage rise
across the load recistance lags behiné the rise in light vealue
eand this laz culckly annroaches & fixed value vhich can be de-
termined as follovs:

Let the voltege at time t, as given by enuation (17) be V!
(represented by point b on the curve). Hence

V'= KRt~ KR®C (1-€%%)

(18)

In the case of zero shunt capacitance tne voltage V' would
be reached in t, seconds (coint a) when

V'= KRt,. (19)

Equating the rieht hand members of (1¢) and (17) and sim»nli-
fying gives

L—to = RC (I~6~VR<9‘ (20)
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~&Rc
As in the numerical example illustrated above, 65
rapidly aporoaches zero as a limit as t is increased and (20)
reduces to

t,- toz' RC far Z >>RC. (21)

The load voltage in practicsl cases soon lags the ideal wave
by an amount equal to the time constant of the load circuit.

Period B (2, <t < Ze)

During this interval i = £(t) = I. Usinz 1_ and i, again as
the current symbols and measuring time from t = %l as the new zero
point, the apwnlication of Xirchhoff's laws gives

iR f ic = I (22)
wi  Rig=Eet g/l dt, (25

where Ec is the initial condenser voltage.

Solving (22) and (23) gives
-y -YRe
le = 1€ 7 (24)
in vhich ] = (I- -Rf;‘-'-)

From this

. . ' ‘VRC
eL=R1R:R(I—I¢)=RI‘RI : (25)

This function is also plotted on the graovh between the »neints
marked ty and t,. TFor the nuuerical values used e[, practically
reaches the steady state value at the latter time, t,.

Period C (tz < t( t_))

iMeasuring t from t? as a new zero our fundamental e:ruations
become

inf-l;:I‘Kt (26)
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Rig= £ +g=/ dt. ()

From these

. P E

l-‘-’( q [I"—i)~Kl] )

c P'I-R-—-c)( R 7 (24)
Using the Superpcsition Theorem again gives

i =(I- _g,_ ) e /y‘é~(t~a)/nc da )
o k(I B)eV gpe(1-€7),
(30)

Then

e,=RI +KR*C~KRt +(E~RI- K Ric)e~he o1

The plot of this curve between t, and t, on the grah chows a lag
on the voltage decay similar to that on”the build-up. This, of
course, 1s what was anticipated.

Period D ( é >Z3)

Fruation (10) will aprly in this case

~YRe
e‘_'_- E;E (32)

t being measured from t, as a new zero and EO is the value of e
.at t3 from equation (31’?.

This completes the theoretical resnonse curve of the load
voltage.

Two facts have been broucht out by the above considerations.

I. Tae orizinal wave is changed in form by the
presence of shunt csnecitance.

II. The response for a trapezoidal wave lags the
original wave by cn amount whictr ouicily spnroaches
the time constant of the circuit as a limit.
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The osclllogrems of Photozranh E-333 check the above thaeory
in respect to the first fact but do not shos the lag very well., A
speclal test techniiue vwiould be re-uired for this. The sciie nuwner-
ical values of the circuit factors were used to cbtain the oscillo-
gr=m of Fig, 12, sheet R-323, as were used for the thoeoretical case
of Fig. 2, sheet L. Tne shane of the:se two curves is the zeanme.

3.7 =tiodulation Schenes

In fucsimile systems for nfcture transmicsion via radio
the light fluctuation ~icked uo by the scanner is usually used to
modulate an ac czrvier. Ceveral schemes were tried in connection
with the electron multinlier as exnlained bel:w.

3.71 - Carrier Anniied Blectrostaticzlly to the flectron *ultinlier

In order to determine the feasibility of introducing the
carrier enf in reries with one of the mnltiplier electrocdes
the static characteristic snowi1 on sheet G vas obtained by
neans of the circuit of Fiz. 2, sheet ¥, The potential of
nusber 3 electroce (this is actually the joint connection
of euitter o and accelerating slectrode n, see I'ig. 1, shee
L) was veried over a wide range and the corres-ondinz var-
iation in load current nectrd. If the electrone is onnrated
at e dc potenticl of + 4O volts with respect to the preceding
electrode, a carrvier emf havin: o peak velue of 60 volts
may be introcduced. The outot current should thea vary
Cirectly with this carrier since the curve is linear over
the renge covered.

This scheme was tried with a 50 cycle ¢ uare veve licht

variation znd an 310 cycle carrier. F¥Figz. 1 on rlhotocr:' anh

=23/ is the resulting ozcillogram of the outrut. This os-
cillogram was reoroduced froa & nencil trazcing. The modula-
tion envelooe has two serious disadvantages. Tirst, 100 ne
cent modulation without distortion vas impdossible, and
second tiie envelone hes a varisble de component. There is
no cystem knovm to the writer which will senarste out the
dc comionent of this tyve of wave without cdistorting the
wave envelone. Unless this funidamentsl Jifficulty is over-

come the elsctrostetic method of introducing the carrier does
not a»npear promising.

v

T —

3.72 = Cerrier fonli=d “avneticslly to the Zlectron imliiolioe

An attempt vaz mede to intreduce the czrrisr by modu-
eld of the multi-lier. The results
for the elocf“octafic ﬂPtHOd. ”ot

comnonoqt but conalnerdble nover vias nacessary Iron the
carrier sunly in ovder to vary the ma netic field =
sufficient auaount.
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3,73 = Cee of 2 Puch-Pull ‘ofuictor iih the rlectron "mltisli~r.

Bacaiuse of ihe fundamentel cifficulties meationed above
(section 3.71) in tryianz to introcuce tne carrier inio tae
multinlier itself the next lozienl schrie seem=2d to be to
toice the normal ﬂnl*iv]i=r outut 2ni drive 2 suit:ble tyne
nocdulater. A ous'-"ull unoful_tor usins a Jdouble triode was
set un so inut the grlﬂe wrre exeited 1379 ont of nhase with
the carrier and i1 phase (or ina varallel) =ith the .ultirlier
ontout.

A linearity checx wa< made rn the mish-pull unit by
verying the comaon bing voltnge 2nd rotinrs the variation of
ac outrut, The cirenit of Fiz., 1, ﬁheet H, was need for this
teat and Fiz. 1, shpet I, is the charzcteriztic obtzined.
Thais curve shows z linear rel=ztionshio over =mest of its rance
but is not line:r for vi:ll vilues of ou*n"*. This I Im-
pertint beerwie a hi-h rdo of on*rat for vhite o btlockk
iz desise”? 1n nicture scooning.

EN

, chect B, rhous z cire ¥y vhose wodulot
is lineur Goem to zero. The fundsmentsl iden of
a2 is 1hct the carricy i balineced onut of the outrut
over non-'incir vort of the normcl charreteristic.
countar enf eircait conrored of trensformer T., resictors
and P,, 2nd condenser C sunnlv a voltrre of tne nreper pnas
end nnomitude *o bal-nce out =11 the outnut represented by
point » on T'iz. 1, cheet I. Hence, roint 4 on trhis curve bi-
cones the virtusl roint of zero out-mt., TFi-. 2 is the zmctuel
monuletion crarccteristic vnich vesultss Tnis is Iiunenr down
o Lhe zero ncint crd oncilloncone obcervetiors inoiceted thet
the vovefeorr war =iso ool over this reage.

A
£

o

o)

The next iect was on oversll lineurity check of the

electron multinolier snd mooulestor corkinctior. Tir. 1, chect
B, shows the nmltirlier circuilt used, the ontmt of vhich wan
s ) -

annlied to the moculotor circuit of Fis. 2, theet H, in series
witn lead s-B., Fir. 1, sheet J, chovs the rernlt. This car
nac 8 negative clove heenrure of the rmlti-lier connection nusen
vhick 5ave 21 cutiut enf increscing in the neguative cdirection
‘nt incresred. The overull characteristic, weicn was
made with a 5 kc carrier, iy very good us indiceted by lhe
smell deviation of »cints from the curve which waz draim with a
struirht edge. The arcunt of li~ht wced waw <bhont *+en percent
of thot optrined in a standard protors?’o ceannar, (The latter
vas mersured cometims aiter the linewrity tect bzd been pude.)

. . . N A L. Ve -
The c¢yctenm desceribed gbove wnis owerstcd with 00 cycle

suuare ssve fluctustion of lisht and the resalte wers ool cc
obgerved on the oscilloscon» cxcet that aifficulty va - »ed in
balancing the modulstor to keen the fde trencient "iick" of ihe

rultiplier outnut from znoewrisng in the modulation envelone.
Thic ¢ifficuity has now been overcome s will he mentioned Jator
in this rencrt.
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3.8

w;-

5 KC Teste

Ir order to determine the perfornznce cf the clectron multirlier

with a mo-ulator st fre uencies in the generel ronge of rape-a-ninute
62
bl

sneed a8 "bre:d-bourd" selur of 2 75 ke oscillator end mo“ulator rere
macde. Thico partlcwlar vilue of carrier fre.uency s cnosen well

cbove the minimur velue necescery for »Hoge-z-minnte cpeed in orzer
thet there vcul® be ceversl ecyclee of carrier per cvcle of liivht
fluctuation. Hence, the roifulation envelope coild be 7eore aceurate-
1y cbserved,

Vige 2 of Photocrarn 5-312 is a view of the 75 ke oscilletor
anc acdulator units and i, 1 of theet K 23 the comhine? circuit

he letter unit zets
nart, of one of the

4
[}
4
19
of the milti~lier end soimlator. In this case
its fixed blos volteze from the IF drco zcross
bleeder recistors in the multi»lier circuit. :{lzso the multirdier
circult is errincsed to c¢rive the moiulator o thzt its wc outnut

is directly vronocriinn.l to lhe incicdent 1ifht instezd cf inverscly
as was the case of »revious tects.

Fire 2, Phot-rrovh R=334, srovg e tracing of en oscillo-
c observction of tne ntoduleted 75 ke corrier. This was mede
c lizht fluctugticn and an onerture cictorticn of 22 micro-
cecondg. é peas vzlae of 17 volts scrosec the 570 ohm lozd was casily
obtzined. Thi
the multinli

is good evicence tnzt with acditionsl develooment
er voulc¢ be suitable for high soneed scenninz,
Une of the problems to be solved in *this connect.on is thet of
findinz a suitaeble taleuced nodulator. In &ll the tests sco fer de-
scribed co-sidersble difficulty was had, &s mentioned ureviously,
in bslancinz ‘he modulating enf entirely out of the outrut. This
problem ves cigcussed with enzineers of the rlec ronic Fecsesrch boh-
oratory at Caemden and they suzzestod using a push-omull rodulator
with tetrodes. The carrier cculd tnen be zonlied to one set of zrics
130 dercrees out of phase and the modulation, tn the cther set in
parallel.

A brief check mcde on thi: acheme receatly indicites that it
is setisfactory. Two type 6L7 *tubes with the carrier arplied to Yo.
1 grids and the modulation wpnlied to No., 3 zrids oroduced the os-
cillorram of Fig. 3, Uno*Ofxawq B-23/,, This was made with 60 cycle
s~usre wave lisht verietion ana o 3240 cicle carrier. The balance
was nractlcclly verfect.

izcellrneois Ohservetionn and Conments

.

One aisadventuge ‘n uving tie magnetic type nwltinlier as a fac-

simile scanner is that the unit as a whole iz rmiite bullky due to the
necessity of the wevnctic field sun ly. The electrostatic tyne of
multi~lier which is being ceveloved by the Flectronic Regearcn Lebore-
toryv at Camden Tlll lerzely overcome thius diff'iculty.



~
s

snall swount o” deric curreat (from 5 to 10 microsnps.

et times) war obgerved in the narticular tube tected. This
crea.el severzl-fold when the a.bient tempersture of the tub
conipartinent wes fllovea to rise 15 or 20 desrees centizrsde zheve
rcoii temmerzture. This dnrk current is believed to be cue larsely
to thermionic emission. He.ce, ii' the tube is “ent &t normzl

roon temnereture the amcunt of dark current vill be =m=11 comnered
to the norm- 1 ~utnut,

The output of the wultinlier rises ra:icdly with the teotal
anvlied voltage or rather, tne voltage per stage. [Howeve:r, for =
facsimile scarner read, flevible leads ere usually necessary and
svace regulrements cre at & minimun so high voltuge is undecirsble.
Coneetuently, it *he 10 stage tube civez more thun encuzsh outnut to
drive a suitable moaulator Lnen either the voliage per stage cor the
number of stagss mcy be decre-wied,

4 - Swrry of Persults

be

1

403 -

406 -

The mexizun enount of 1i 'ht aviileble at tre ohotccell in =
standard ;if-914 scoinner or one of sinilsr tyne is in the order
of 6.4 x 104 lunen.

Zith this avount of 1i~ht the dc outnut current of' the 10 stacge
multinlier used in this investigation is in the order of 5 x 104
ampere for 130 volts per stage.

#ith a lizht choover freduency cf 12,000 cycles ner secona the
maximun load recistance that cian be -:sed without ~mprecieble dis-
tortion of output wavelorm is 50,000 ohus.

Tith 6.4 x 1074 lnmen of 1irht (chonped) the peat value of
voltage cdeveloved zcross the 50,000 ohm load is 25 volts.

Additionnl stray or shunt capacitance in parallel with the loac
rosistence alters the waveform as shown on Photozrarh RE-333, Figs
10, 12 and 14. If ¥ig. 12 is *he ~ase of meximum allowsble dis-
tortion then the time constant (FEC) of the load circuit should not
exceed 5 microseconds. This same amcunt of cistortion is also
given by the curve of IMig. 2, shect I vihich veas counuted Irom
theoretical consicerations.

The theoretical develorment chows that in addition to the change
in waveform caused by excescive stray capacitznce there is also
produced a leg in resvonse. Thic lezg-in the volteage or current

vave is almost enual t- the time conctant of the circuit.

Excessive d:irk curr:nt rerults if the multiclier te.nerature i:
allowed to rise nmore thnn = few cegrees centisrade.



L& - 4 carrier re-uency cun be successfully introduced into tne
multinlier by clectrcotatic imecns, tut the resulting wmodulation
containg ~ large de commonent which cannot be rewoved without
increasing the build un tinme.

5 - Conclusions
The electrcen multinlier shouid mede 2 guccessful high spzed
facsimile scanner unit for the follovinz reasoncs:

1. It has a large output of uncistorted veltaze (5 x 10"4
ginn. through 50,000 ohms ecuals 25 volts) even with the s.xell
amount of 1i-ht availeble in scanner systems.

2. Its frecuency response is linear over the entire ranze
coverei by page-a-minute svced.

3¢ The electroststic type cf multinlier will n»t be too
bulky to mount in @ movable scanner head and re.uires no megnetic
field structure,

4+ nlthough twelve tc fif'teen hundred volts are needed
tris could be supplied by a rectifier and be properly insulated.

5. The outvut of the multiplier is sufficient to drive a
moduletor.

The electron multinlier &nd the associzted equipment develored in
this investization are rroving to be valusble laboratory tools ior
maizing circuit tests in connection with hich spced facsimile recuirements.

As a result of the worx completed to dete -n this stucy, the cir-
cult of Fig.l, sheet L, is sugzested as the most oromising scenner
circuit in which 2n electron multislier mey be used. £Althou~h this cir-
cuit as a whole has not as yet been tried, all of the elements which
comnrise it have been found to be entirely satisfactory. The multiplier
output (which is arrenged to rise in plus polerity as the light increascs)
is applied to one set of grid: of & bslanced modulator unit. The carrier
is applied on a second set of grids. A counter emf circuit is also
pronoced to imorove tre linesriiy of the modulator for low velues of
output. A finsl tube is used to combine the normcl modulator output
end the counter emf and give additional amnlitication.
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