 afemee—
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~ Design criteria are presented for L.C and R-.C ph

‘vonstant phase- difference
two phase shifts such that

e - . :

-over

.

ase shifting networks that develop "

a wide freqiency band. The technique is to introduee
+ although they vary with frequency '

>

. their differen'cef does not .

T IS frequently’ desirable to de-.
I rive from a given voltagg two
new voltages of the same frequency
but with the phase angle between
the new voltages held.’substantially :
constant over ‘a wide frequency
.range, each ‘derived voltage having
an amplitude charactexji\sut‘ic,,linear‘}
mplitude. of 't}
fre-

variable with th
“inpat vo]tage”ihdepend‘ently of

quency. o

To produce the phase difference
between the two voltages, two net-
works’' whose "pha"sewangles increase
substantially linearly ‘with “the lo-
garithm of the fréquency are used, °
Thus, if the two networks are prop-
erly matched, the phase difference
between them remains nearly con-

stant over g

wide range of fre-
quency, :

Network Development

" One way of producing the two
voltagessis to derive both of them
from a. single source and’ arrange
. .that the output of.exfthex'hchannel is
ri‘dépéﬁfc!éht of frékj~ué‘ti'c$f;'\.but that
both have phase angles’ with re-
spect to .the input voltagésynrying
in such a way that over a wide band
of frequencies

b~y = A . : (1
where ¢, : phase angle of vutput No. 1

¢z : phase angle of output No. 2

K :a constant

¢1 and 4, are each their own i’unbtiqn
of f, the frequenc,\( s

- One possible configuration for
these functions ig S

. uJ“-m i ’f\/TT,‘-

4+ tont 231 felft= 1,2y
B S At A L L)

! v |
e L A T
fos 2R, RCC, 2nRC ZmR.cv e
®

(A)

Ri=Re; Croc,

ol totene 0

A i ‘
' °f"..'-'?'.""5'4-’" (8) "

‘producing phase shify’ Notworks" ar
cvfo_'c"mmlcm xshau,dluogonc over:
quation ‘glven" for :network . of 3

., form and the basje _design ' equa:

© 1A) that an

- .when Plotted  against a logarithmic .-
"-frequency scale. Ag will be shown .
- later, if a second curve for a se
- ond similar;-network,_ but with 4
¢ .resonant frequency f, which is 4.53
i times the resonant frequency of the

——
o = (' logf . . 10
G = (A log kf 3
where C and k are constants’’ - -

Substituting Eq. 2 and 3 ip Eq. 1

b1~ ¢ = C+logf4C—lozkf
o= logf—logf—]ogk
= —logk =K : [C1

Thus it.is only necessary to find L
a network configuratio which wil] ~
vield a phase angle \mch varjes -
as the logarithm of the frequency
over.a wide range of frequency;” -
The network must aso have ng "
change in outpyt amplitude with
frequency. The latter limitation -
usually restricts the final network
configuration to lattice types  be-
cause finite ladder types with any""
phase shift must be. accompaniad
by amplitude variations. In order-
to avoid the use of transformery in
the lattice structure, a ha‘lf—lattice;,j
will be chosen with the input termi-
nals excited by two equal voltages :
180 degrees out of phase, Such volt- . |
Ages are readily available from -~
Vacuum tube phage inverters con-:
sisting of a tube with equal cathode -
and anode loads, K

,‘L-C' Lattice . N A

A circuit having enough inde-

Pendent parameters to permit the ' -
designer to shape the phase angle.
curve to the required logarithmic

tions of the circuit are showr in
Fig. 1A, 1t win be noted from the
equation for the phase angle (Fig. ‘
arbitrary factor s jq%
included. The choice of ¢ ig up to -
the desjgner. . .

If 3 lies between 3 and 5, a fairly
straight” line for ¢ is obtained

first curve, s’ plotted,, the - phase
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By R. B, ‘DomE

Reeciver Divisio N
treneral Eleelrig: €0,
v firidgeport, Conn,

’,.“THE wndeband phase sha” networlrs"
deseribed horem aro applicable to:

Single sndaband felephony accom-’

- that the frequeney

mwm»v» ratio’ ig” am)roumateh‘ 228
to L. as for example would occur m'. :
~i B R
..J pand from 130 to 3,600.cps. i o
The band can. bc \vuioncd mdeﬁ; :

oof ])h.l\(‘
f\ om th('m

angle difference hetween these two
curves is maintained within 90 =24

Cdegrees over a.fairly widv_r:mge Qf :
4, and is¥quite:
Csutisfactory for voice frequencies .

frequency if s =

hecause the upper. to” lower 'fx'{:-

nlto]\ by, addmg ‘more. olements to
the bridge arms- mth the xcs;l

.myﬂ
panded more until remarkably good

performance is obtained over the
full audio range from 30 to 15f000.

cps.
The use of inductances in filters

it to be avoided if possible bccm% :

of the inability to obfain a pure in-
ductance; there.are always the in-

evitable series resistance and shunt’

capacitance.  Other objections’ to:

the use of inductors arve that’they
may pick up unwanted signals from *.

stray magnetic fields and, that thev
are not wml.mt in mduct‘mw \v
applied voltage. As a mnxequenc
a- resistance-c¢ 1pac1tancc ty pe: of
half-lattice network \\ould Be'pr
fmable rov iding the’ 1‘oqmre

“eurye "\\mv obtmn e

in L‘wu\du \nth Nohtmﬁ tube. !
tween them as shown in Fig. 1B. A~
single network has restrieted b'md-
width. No terminating
can be used in this type of network

The phase angle of ‘the final out-
put voltage can. be adjusted ex- -
actly as in the L-C cireuit of Fig.
1A because the phase angle. equa-,
tion is identical.
tion with this network is that, s
must be greater than
previously found, for best results s
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" in cascade - ‘mayv, of

put \'olt.xge 'Ihe mxtput \olta;:e is

sapr npel fractioniof the mput volt- *
re&ustor vage.

The only limita- -

2, however as .

“plished - directly at the final carrier -

frequengy without multiple modula-
Stors or sharp cutoff filters.:

"High efficiency broadcast 1ransm11-

iders radlating ‘carrier, wpper, and

lowar’ ndebands from ?hree'separafa
:.“an!ennas

Frequency vanahon of crys(cl .con-
olled’ carrist 'bnmunucﬂlon trans-::
mitters either f6¢ carrier control or
“frequency- shnﬂ “keying,.

2 Cireular dnsplay on - cathode'- ray :
?ubes over a''wide" frequeney band
wt'rhout adlustmenf of ihe phaso shnﬂ

_ Varmbiu spe"d opcrahon of H\rcc
" phase a-c motors.

_‘fere e loif 90 degrees,

for the previously described net-
works. In order to find the proper
values for f, in the two networks
which are to vield a phase angle dif-

"Mean frequency" between .
the ipper ‘and lower frequency lim-
{its of usable pha;e angle difference.
“This mean: ﬁequencv is not’critical,
but a.value of 700 cps has’ been sug-
as a practical frequency
H.mqen Down to Eart®eon’
Fidelity’, Radio
PLmnmp: Board, Report on Stand-
ards and Frequency Allocations for.

Post-War FM Broadeasting, Panel -

should: be approximately 4,
hvnce liex well above 2,

The nomber of st.u:c\ 1m1uded
course, be ih-
ereased to . any desived  number,
When six such stages de ured, the

:uid .

le: dlﬂ"mbnwbet\\oen i\\o SCt\

The - factor « muost  be less
“than 025, ot < must be greater
sthan 2, whel using {his network.
“As pxe\musl\ pointed” tut, for best -
results ¢ should :be applommate]y
4, or a = 0.167, which will yield -

an output voltage of - '\bout 0.33 %

times the.input voltage. -
The:' phase angle equatxon (Fxg
lA) is seen to be 1dont1ca1 to thoqe ;

g :

= NELY
» ‘mgle*of 180 — 45 degrees at 700

Y .
equency ‘ratio for which a phase i

f.‘, ‘gnos' fu = 2.126F. “which, for

5, June 1, 1944, Section VIII). Hav- - - :
='ing decided on the mean frequency

of the system, it is merely neces-
iy 1o .design the two phase shift
grks so that one has a phase

‘eps, and the other a phase angle of
1‘1() +~1) degrees at 790 eps.

. Basis for Design.

esnguatmg jo of the first net-

demgnnted as F,

F = 700 cps, gives fa = 1,488 cps.
"By ‘reciprocal relationships, the
\':ilu,f of f.., the f, of the second net-
work, I8 f. =
cpc foo = 329 cps.

The parameters of the two net-
\\:m'k.s can now be calculated. For -
conveniencé and to establish values’

tubes can work satisfactorily, as-
xume that R, = 20,000 ohmq in each

assime a -

Technical * -«

lettmg f-equal the e

F/2.126; at F = 700 -

of “impedance into which' vacuum .

i
o
b




Table I—Determination

of Network Parameters

. First Network®
Sor = 1188 cps
& o= 1,00
a = 0,1666

Iy 20,000 olims

] 1
rfo il T TEITIBEY Sovoy
000535 pf

(,‘2 =gl = 0.166 X 0,00535
= 1000892 . f

( fu? ) Co=0.333 ¢
I~

s 0B8N N 0 005335
= 0 001T8S i f
R o000
a T 0 166
= 120,000 nlnn}“

R = ('_LL?‘ :i'."._‘)‘/.-_.» A
la

I -0 600 - °
={." Y 20,0
( 0.60606 ) 120,000

= 060,000 ol

() =

[]

Second Network
Sor = 329 ops
s =100
a = 0,1066
Ry = 20,000 ol

| : |

G- rla It 22820 v 20000
= 0242
o=ty =0 106 % 0 o

it

NI

) = ( bat ) G033 6
I~ ta

= 0333 > 0 oogo
= 0.00800 p1f
" I conon
T T 0 en

]

. 120,000 ohans
g MG .
= (.0 ?

It ( la ) !

—~ Y O
= (Ve 120,000
[T

= 00,000 ohis

RENCE ANGLE (#,-8) 1% DEGREES

s

OIF

50 ‘00 300

500 1660 3000 5000
FREQUENGY, CPS

I
19000

FIG. 2—Phase shift chara‘clerlslic: of networks whose values are given in Table 1

network. The caleulations are sum-
marized in Table I,

The phase shift curves for these

two networks are shown in Fig. 2.

Note the long frequency range over
which these curves ‘are subistan-
tially parallel., The difference angle
is plotted to facilitate comparison.
Note that this difference - angle

holds fairly cloge to 90"degrees over

a range of frequencies from 130 to
3,600 cps. This range is quite ade-
quate for a voice frequency. chan-
nel. N

114

Such a network can be used to
build a simple single sideband
transmitter without the necessity
of using sharp cut-off filters and
double or triple modulation. Thig
simplification may be done by com-

.bining the outputs of two balanced

modulators : one balanced modula-
tor is fed with radio frequency cos

ot and audio frequency meos

(ut—0), and the other balanced
modulator - i3 fed with -radio “fre-
quency cos (wt =+ 5/2) -and  audio
frequency meos: (ut — kinf2) . If

. T
) 3

the plus signs are used and the by).’
anced modulator outphts are addeg,
the resultant output would be
flw - IR
lower sidebh‘nd.

NI

*Single Sideband Telephony

An cxpm'inu'nt:nl‘,s_\'stem of thig
type has heen constructed angd p-
erated using earrier frequencies in
the broadeast band. No untows rg
difliculty was encountered and rp.
sulls were fully up'to expectations,
The  transmitter was  modulatoq
with audio signals taken from the
output of a bhroadeast receiver, The
single sideband transmission e

received by a second | ‘oadcast re-

ceiver into. whoge inpuy/ terminals
was also fed an unmodulated cqn-
tinuous wave radio frequency from
a signal generator {o furnish {he
L missing earrier, The signal Foney:
ator frequency was adjusted untj)
the reproduced program  sounde
most natural,
were used in the radie section gf

the transmitter to aid in reducing -

the unwanted sideband, "

The question may arise as to how
much of the inwanted sideband is
permitted to get through the sys-
tem if not exactly 90 degrees phase
difference is ohtained between the
two audio channels. The ratio of
the weaker sideband to the stronger
sideband ia given by the equation

1 ~ cos3 8
10 = 4 55080 o 8
RATIO = \/1 pret It

where 3 is the deviation of the dif-
ference phase angle from =/2, with -
" & expressed in radians for the ap-

proximate formula. A "deviation
from 90 degrees of 6 degrees is
required before the weaker side-
band becomes § percent as strong as
the stronger sideband, so that the
phase angle curve of Fig, 2 is
probably commercially useful over
a range in frequencies included be-
tween 84 degrees'on the low side of
the center to 84 degrees on the high
side of the ¢enter, .

A second application for the sys-
tem is that of providing a closer-to-
zero frequency single sideband tele-
phone or’ broadeast transmission
when filters are used. For example, -
a single sideband transmitter may

be constructed along conventional * -
lines with a quartz crystal type ‘of

.
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[\:\1-‘\“.\‘8 filter to operate on 100 ke.
the pass band extends
from, 100,600 1o 108,000 cps. It is
coent that frequencies  below 600
G;\s aresattenuated in such a sys-
vem.  Now if the single sideband
arstem deseribed in o the predent
v_.l;mc]‘ were to be used in conju{xc-
don with a filter, the filter could
aansmit from 100,000 to 108,000
eps, and the region between 27 and
ga0 eps could be taken care of by
ihe audio phase shift system, let-
ding the filter remove the unde-
<ived sideband from 99,400 down
10 92,000 cps. Thus the resultant
v uh ition could contain single side-
band components corresponding to
an andio frequeney range ofi275to

sappose

2,000 eps instead of being lim ted

w o rangee of 600 to 8,000 eps. The
addition of the 27 to 600-cps range
will add considerably” to the natur-
alness of male speech and organ
music.  IFrequencies between O and

27 ¢ps should be removed from the

original audio being fed mto the

system. 3

High Efficiency Trunsmiﬂerj%

A hiyh eflicieney broadeast h.nm-
milter  can  be  constructed . by
emploving three power amplifiers
and three antennas arranged. so
that. an  unmodulated carrier is
radiated on a central :mtmma;v_and
hu upper and lower sidebanda ave
radiated rcspectl\cl\ on two side
antennas, which are on a straight
fine through the central antenna
but on opposite sides equidistant
from it. The sidébands are gener-
ated in much the same manner #s
deseribed in the preceding section.
Only one set of Saudio phase-shift

filters are required, for the upper’
. and lower sidebands can “be ob-

tained by simply adjusting - the

‘phases of the radio frequencies fed
Mo the two sets of balance modu-

lators. Y
This  system’ of ‘tmnsmissiong
could be accomplished with the fol-
lowing installed relative power- .
capacity : L
Carrier 1.00 .-
Upper Sideband . 0.25
Lower Sideband- 0.25 ..
Total 150 -

“When modﬁlating’w 100 perg:enf, this

L
.
a
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.

system

. supply.

shesides the

Spower

“way of example,

will have an overall efli-
cieney of about 66 percent, result-
ing in a d-¢ power consumption of
2.25 maximum. This consumption
graduates down to -for zero
modulation. For an average modu-
Intion of 50 pereent! the power
consumption would thus be about
1.875.

The conventional double sideband
plus carvier class-B amplifier must

have an, installed power capacity’

_of 4.0 for handling the peaks of 100
percent, positive modulation and the
transmitter runs at 33 pereent
efliciency, requirving o  continuous
input power of 3.0 {rom the d-c
l‘fm& Hw saving in d-c
wm cmwumpltlmnm'quld he nbmnt
25 based on the carrier

or for a 50-kw transmitter, the
saving would amount to 56.25 kw.
savings in power costs,
the system would have lower first
costs in the water cooling system,
rectifiers and transformers,
and in high power vacuum tubes.
The replacement {ube  cost also
would be less,

In the operation
communications h'll]l.‘ill]i“l"l'ﬁ it is
often desirable to- change the ra-
dinted carvier frequeney a few hun-
‘dred or a few thousand cycles to
avoid either intentional or Aacci-
dental jamming. vet it is also
desirable 1o retain the benefita of
precise frequency control such ak
is provided-hy a quartz crystal. One
solution is to have available a large
‘number of erystals lving on closely
adjacent frequencies selectable by
a rotary switch,
‘might be to adjust the air gap or
shunt capacitance across the crys-

tal. All of these methéds have thelr

objectionable features.

Adjustable Carrier Frequency

An alternative arrangement is to
1ake use of the single sideband
eneratoralready-—deseribed.

conjunction with the balanced
“modulator and a 2-ke variable fre

“quency oscillator to ‘produce
““required 4.500-kec carrier,

““The' los»
‘cxl]ntor could then beiw

Bv?
suppose the as- “phase angle displaced voltages and
“isigned frequency of a’ transmitter ' a reversed Scott connected. trans-
Aformer,

L developed

.ltmg,

of emergency-

Another scheme -

~were 4,500 ke. One could then use.
~aerystal oscillator an 4,498 ke in-

cfrom 2.0 ke

phase synchrondus motor.

other nearby
jamming,

frequencics to
by having it

avoid
cover a

range of roughly 0 to 1 ke and thus

be able to change the radiated l'n[-
queney plus or minus 2 kc‘z\b(mt.
the assigned frequencey.

The frequency stability of the
system would he quite similar to
the master quartz frequeney stabil-
ity and henee couldd be elassiiied as
precise.  Wider

ranges ol control

could of course be obtained by util-

izing submultiple crystal frequen-
cieg  or wider  oscillator  range,
within the limits of stability of the
final fregueny, B

Frequency Shift Keying '

« A trapsmittey ;I:?vv i
could e caxily lonverind into 4
telegraph transmitter with precise
frequency shift keving., " By way
of example, suppose the 4, 500-ke
transmitter were required “to radi-

ate 4,199.9 ke with the key N(Yf'mn
All

and 4,500 ke with the key up.
that would be necessary would (be
to shift the low frequeney oseitlador
to 1.9 ke. This shift
could be accomplished by keying
in a shunt capacitance, and the re-
sulting frequencies -would be bhoth
precise and stable, maintaining the
0.1-ke difference quite accurately

over long periods of operation.

Other Applications -

The two 90 degree phase angle

_dihpl:u'vd voltagred ean he fed into

the X and Y deflection plates of an
electrostatic  deflection type of
cathode-ray ‘tube to obtain‘a circu-
lar trace. The pattern will remain
circular for wide changes in fre-
quency if one of these phasé-shift
networks is used. The cirveular pat-

tern is a useful dndication of the~

closeness to 90 degrees of the phase

-.ghift obtained from these circuits
and can be used to determine their
“performance.

"By employing the.-90 degree

three phase power
from a single
source. Such a circuit could be
used to control the speed of a three
the  frequency of

the original

:source would vary' the motor speed.

can be’
phase *

Varying -




