'ﬁuchlu Lollege

A PUBLICLY SURFORTED COUNTY JUNIOR COLLEGE

Puebio, Lolorado

YOCATIONAL-TECHNICAL DIVISION
Nov 25, 1959

Wesley R. Schum

Ceritral Electronlcecs, Inc.
12ly7 W. Belmont Ave.,
Chicago 13, Ill1,

Dear YVes,

Mr Gerald Caduff KIIQZ has come up with an idea for
a revolutionary method of creating single sideband. He
is the head of our Electronics department and an elsctrical
enginser,

Although there are several advantages to this system
the chief advantapgs is = there is no need to suppress the
unwanted sideband as it is not generated.

There may be some srror in our thinking. If we should -
consult you further on this matter would you sign an agreenent 4
with us not to use the method or divulge the method to others E
until some further agrsement might be made with you., In return
we would offer you the first chance to develop the unit 1f the
plan 1s feasible, _

I heard vour 100V for the first time Baturday. P. A. Smoll
WﬁKVD In Colorade Springs 1s real happy with his unit

Sincerely yours _ :

- Ny

Don Middleton WENIT
Communications Instructor
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June 20, 1961

Mr, Wesley R, Schum, Vice-Pres.
Central Electronics, Inc.

1247 Best Belmont Ave,

Chicage 13, Illinois

Dear Mr. Schum:

At your request a novelty search has been con-
ducted with respect to the Bingle side band generator
described in the attached disclosure. Very brlefly, the
generator employs a cathode ray tube having X and Y
deflection plafes and a collector anode, An amplitude
modulated carrier 13 applied in phase quadrature to both
the X and Y plates, and the eleciron beam is intensity
modulated with either the X or Y signal., A mask of
particular configuration, apparently not yet determined,
18 disposed in front of the collector anode in order to
elimlnate the carrier and cne side band, thereby producling
only a single side band in the collector anode.

The basic concept as outlined above was not found
in the patent literature. The closest art uncovered was
patent 2,201,323 -~ Shelby, issued May 21, 1940, a copy of
which is attached; if illustrates a cathode ray tube
arrangement for frequency modulating a cgrrier. An ampli-
tutle modulated carrier is applied, in Q0™ phase displaced
relation, to both the X and Y deflection plates of the
cathode ray tube. By constructing the target anode in a
particular spiral fashlon, it 18 possible to convert the
amplitude modulations to frequency modulations,

Several systems have been developed in which cathode
ray tubes and uniquely shaped masks or target anodes are
employed t0o achieve various results. Some of them are
iliustrated 1in the following attached patents which may be
of general interest to you:

RADIONIC PRODUCTS EXCLUSIVELY - WORLD'S LEADING MANUFACTURER
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‘ SINGLE SIDEBAND GEMERATION |

with 0 0
GATED CATHODE RAY VI@ - \,"
P :
| “ Y

The following paper does not purport to cover aii Hho szpysots
of engineering and design to be encountered in the fabgisstion of
the proposed unit, but rather to introdude & new concert im ihae gen-
eration of a single sideband signal. This unit, if feasible L0 MANM-
facture, could bosst of the following sdvantages: nearly 100% clrrl;r”" “%7
supﬁreanion, nearly 100% unwanted sldeband suppreesion, sutomatic apd
complete control of mudulation percentage, instantaneous monltoring
of the sideband alignment, which cén be adjusted while in operation,
soppliete independence of fréquency operation, visusl monitoring of
sildeband quality while operating, abeence of critical audio phase~
shift network, lack of microrhone "hot-spots",capable of being 4;1'.¢: _:-'“
by any existing V.F.0Q.,, and extreme simpliclty of operation, by comp-
arison,

The bapic principle of the unit 1s the addition of a modulated
carrier to the 90° phase—ahifted inverse function qr the same modu-
lated frequency, at the fundsmental freguency to be radiated. Thls
forms & control parameter into whlch 1s injected a quadrature modula-
ted carrier, again the same signal as &bove. A variation would be
to inject & double sideband signal, thereby effecting carrier sup-
pression prior to injection; however, this 1s unnecessary, as will be

shown later. The method of quadrature addition is the erux of the

developenent.

Tha beart of the unit is & cathode-rly tube employlog g eol&no&n.
or tnodo, filter mask, and conventional electron gun and lltct!ﬂl$t£~
o e dotleetion plates. Two 90" dlsplaced aignala f 3 tppliﬁﬁ tudtﬂﬂfm
'*5r;and Y axes, uhich are the deflection pltt@a af &hn ea&. n_'“L
"?-';ng omm s mn loauhf,qd u toe nwnuum O Ak oone.
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8ignal to the comtrol or intensity grid of the CRT. Thls signal

can be either the 0° or the 90° voltage on the deflectlon plates.

Ae modulation occurs , concentric circlea are caused to expand and |
coﬁtract; simultaeneously, portiona of the rings are blanked by the
modulated control grid. Adjustment of this "intensity”" would be
critical ae severe frequency distortion could result with lmproper'
biss. A mesk is inserted between the electron gun and the ccllector

anode which removes the carrier and one sideband, lesving only one

sideband slignal to travel on to the collector &node. Properly
shaped mask and colléctor anode made of fine mesh acreen wire could
allow & few electrons to strike the phosphor acfean of the CRT,
thereby giving contlnuous monitoring of the phasing, modulation _
amplitude, end quality. After the initial engineering and design of q{a.
the tube fllter mask and collector anode, standard CRT components .
could be used through-out, including the glass envelope and phosphor
screen. The cost should be low and the size of the CRT is optional. -éﬁ
A two 1inch screen 13 believed to be sdequate and convenlent ror.appll-
cation. , ﬂ;
Henceforth, voltages, freguencies, or signals applied to the -
vertical plates will be referred to as the Y axls parameters; those
applied to the horizontal plates will be referrqd to as the X axis
perameters, and those applied to the cathode stream, the Z axis pare-

meters. It is now obvlious that the thres quadrature signals are
applied to the X,Y, and Z axes of the ORT and their relative frw= =

quencies are the key to the sideband generation.

:ot has hoon nada to carry the cnt&ra ﬁ&sign thrwﬂsh-”a
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erations, and laboratory data has been made and 1s presented herein;
however, much of the obvious detail has been omitted.

Initislly we sssume an amplitude modulated wave:

&= A cos wt + E% cos 2 pt {f] + o)t + Ey coB 2 p1l (f1 -T2t

Conditions: e = ey = e, ; &lso ey = e+90°
Setting modulation percentage to 0, then e = A cos wt, oy = A sin wt
The resultsnt of ey on the Y axis and e, on the X &xis is the addition
of ex to the inverse function of ey and the pattern 1s a circle.
See figure 1. The perimeter of the circle represents & phase displace-
‘ment from O° to 260° of the carrier combination.
Introducing an amplitude modulated carrier to the X and Y axis, oy
belng phaée-ahlfted 90® results in concentric rings changing in dia-
meter and percentage of modulation is a function of their radili.

Time duration from 0° to imvolute m,n, at modulated level of
ring #1 represents a phase displacement of 90°, ring #2, 135" and
ring #3 results in 180°. This eatablishea the frecuency discrimina-
tion with respect tormodulation amplitude. It 18 evident at thls
point that thls unit could phase modulate as well as frequency modu-
late. Thesae are other rossible appllications.

The Z axis 1l the cathode ray beam current modulated with eg.
If Eg 18 O, r«0, where r is the radius of concentric circles pro-
duced by the modulated carrier on X and Y and Ey is modulation ampli-
tude. The term "r" is radius of gyration. See figure #3.
Therefore: Ey«0, r«0, e, must equal A cos wt. The terms of the upper
and lower sidebands 4rop out because there is no modulation.
It is evident now that if E, 18 greater than O, then r must be greater
than O, and the following signal exliats on the collector anode.

e, = A cos wt + E% cos 2 pl (f] «fp)t + E% cos 2 Pl (£ - o)t

pA

-
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Referring to figure #2, it can be seen that if a filter mask were
to be placed between the beam origin and the collector anode and shaped
to block only the beam when E, = O, then no collector anode current
would or couid fiow and the term A cos wt would drop irom e,, thersby
effecting carrier suppression. When By 1s greater than O, and ihe beam
extends beyond the fllter mask to encounter collector anode, then r

is greater than O and the anode current would be a function of e, with

carrier removed, l.e.,
I. » r]:fg cos 2pi (fl + L)t + f; cos 2pi (fl + fz)é] .

Since the upper and lower eldebands can be represented by counter-
rotating vectors superlimposed on the carrier, the relative positlion of
the beam at any given time will represent modulation in the relation
to radiue of gyration and frequency with respect to angular displacement
from any reference, such ad 0° as in figure #1. It might seem at
first consideration that this would result in only a phase dlsplacement
from the carrier but as the modulation frequency increases or decreases
the phase control of the deflection on X and ¥ increases and decresses
simultaneously. A phase dlsplacement of a glven sldeband at any lnstant
can be an actual frequency difference from the carrier between the limits
of cos 2p1 (f] -~ f5)t to cos 2pL (fy + re)t. Hence, & mask at the largest
radius will limit the percentage of modulation and a mask at the center will
remove the carrier under the conditione stated in the previous para-
graph. It ie believed, and the rigorous mathematical proof is currently
under investigation, that the intercepts in the X-Y plane of the
quadrature carrier e, will define an area which includes wither side-
band to the exclusion of the other.

An analytlical approach from the standpolnt of loglc, rather than
theoretical mathematica, could yield this conclusion: the position
of the electron beam at any inatant is dependent upon the modulated
carrier, phase shifted, on the abscissa and ordinate. .Alao the intensi Ap

of the besm, on or off, 1s dependent upon the modulated carrler but 1is )& ‘j';’

s



e 1 g EWE

Page 5

now & gquadrature function. Assuming that the upper sidebande cause

norm&l vector rotation and the lower produce clockwise rotation

(slmple vector analyzis bears this out) and that some reference "0" be

assumed at zero modulation, then symmetry to 180° from C® and 0° to

-180°% will result with modulation. Relating this to amplitude will show

& pattern containing upper and lower sidebands with controlled percentages

of mocdulation establishing the parsmeters of mask pattemn. |
Since the pattern must exceed 180° for a change 1n freguency

{ upper or lower slideband added) the pattern follows along due to the

following of the deflection system, which 1s a function of the carrier.

Hence, 1t would appear that & mask could be devised to remove any

portion of the modulated signal desired. An analytical investigation

of the total area @s intercerted by the inverse function of ez in the

X+Y plane between the limits defined by Eg cos 2pl (f] + f2)t eor
5 _

cos 2pi (f] -~ fp)t will yield the shape of the filter mask to paas
or filter the desired sideband.

A limited empirical proof of this hypotheais has been accomplished
by using an opague mask over & cathode ray oscllloscope screen and &
phoioelectric plek-up. A HICKOK oscilloscope, modei 620, and s BELL
and HOWELL film projector amﬁlifier, model 13817 were arranged as
shown 1n figure #4 and were used in investigation the content of the
slgnal derived from the face of the scope in accordance wlth the fore-
going hypotheais. Although ineoncluslve, these tests and experiments
yielded data that substantiatsed, in part, the design. It 1s felt that
the proper deslgn of a cathods ray tube eliminating the photooloctrlc
aspect, would provide the necessary proof. Bewause of the persistency

of the screen phosphor, these foregolng tests were confined to sudie ¢

|
Trequenclies. : | @ .‘q" E

N

The exast shape of the filter mask bas not yet been determined
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,;nd, because of many variables ithat can best be learned empiricslly,
1t is believed that the actiual shape m&y need 10 be modified froﬁ the
theoretical t¢ compensate for fringing of the electron beam, & funotion
of the tube parameters and operating potentiale.

Concelvably, the anode and fllter maak could be of & fine mesh
screen. FProper blas covld then allow free passage of electrons to the
phosphor ascreen for alignment purposges. A high negative bias on the
mask would then gate the beam according to the physical shape of the
mask, but the positive potentisl on the anode would allow some electron
passage to the rhosphor screen thus providing a pattern for contineous
indication of operating conditions. The mnode current would be in the

microampere range; however, preamps would provide adequate ocutpmt.
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r = redlus of gyration Deflection in produced by

troughs in envelope.

peflection out
produced by crestea
in envelope.

Mask for
removing carrier.

Masks alpha ang betl
limit overnOGulltlan _

Deflecticn ~ dependent entirely upon amplitude of lﬁﬂ“l‘tiﬂ#
and is not a runctlon of fzsquency other than no defleetlcn reeulta

with no modulating frequency applled.

FIGURE No. 3
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A mask described by ocurve
nonpgm would remove all of
l{ after interoe J and
all of E; after faterocept
K, 1f applied to the 2
axis and modulation re-
malned constant at ring
number 2.
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238 Vets Ave. ’? '
Iftzoblo_, Gole. - (7
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