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AN RC OSCILLATOR

Nature of the nroblem:

The problem undertaken in this thesis is the design, construc-
tion, and testing of an electronic sine wave generator or oscillator
to cover a frequency spsctrum from sub-audio freguencies to radio
frequencies. The oscillator is to produce sine waves with little
distortion. The freyuency calibration should be as nearly exact as

can be obtained practically.

Method of solution:

The vast mejority of electronic oscillators consists of the
following component parts: a frequency determining network, an
amplifier, and a method of limiting the amplitude of oscillations
plus necessary associated equipment such as power supplies. This
division into parts is somewhat artificial since each is definitely

related to the others as indicated in Fig. 1.

[_ Frequency 2 p N
Determining Amplifier —
Network

1
Povwer
Supply

Block diagram of an electronic oscillator.
Fig. 1
The method of designing such an oscillator is as follows:
choose and design a frequency determining network; design the
amplifier to provide the transfer characteristics required by the

frequency determining network; design the amplitude control network
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to control the amplifier. 4And, then design the power supply and any
other necessary eguipment. Each of these phases of the problem will

be treated under its separate heading.

The Frecuency Determining Network:

The Barkhzusen condition for oscillation (FRef. No. 1) referring
to Fig. 1, reguires that the net signal gain through the amplifier
and through the freguency determining network will be exactly 1 + jO.

An ideal freguency determining network would maintain this
condition at only one freguency, and that frequency would be indepen-
dent of the trancsfer characteristics of the amplifier, temperature,
and other circuit wvariables.

The transfer characteristics* of such a network plotted as a

function of freguency would a~pear as in Fig. 2.

XK(:) o)

w1 W

W

o '1']1
Transfer Characteristice of an Ideal Freyuency Determining Netvork

Fig. 2
Such a network cannot exist for it would reqguire no amplifier
and would have no losses. However, the concept of an ideal fre-
quency determiﬁing network has a value as a basis of judging networks
that can be realized. For example, if the curves in Fig. 3 vere the
#* Transfer characteristics here refergt?w}he ratio of output voltage

to input voltage. E out = X(w) LJ
E in
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trensfer characteristics of two different frequency cetermining net-
works, other things being equal, network No; 2 would be more desir-
able to use in an oscillator than networx No. 1, because the.
frequency of oscillation would be more nearly independent of phace

shift in the anplifier.

K(w)

5 -
Typical Transfer Characteristics of Fregquency
Determining Network
Fig. 3

The "\ " (Ref. Ko. 2) of a network is a much more eralytical
descrintion of this pronerty. An ideal networx would have a & of
infinity. In Fig. 3 networt No, 2 would have a greater ¢ then
network No. 1. In generzl, the greater the Q of the frejuency
determining network, the more stable the oscillator.

The @ of the network is not the only factor to be considered
for this application. Some of the other factors are: the number
of elements in the network, the time and temperature siability of
the elements, the linearity of the elemcnte, end the freguency
range possible with the network.

Some of the more common freguency determining networks used
in oscilletors are: quartz crystals, magneto-strictive materiels,

inductance-capacitance resonant circuits, and resistance-capacitance
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circuits. These networks are listed in the order of magnitude of
their Q. The magnitude of the § for a quartz crystal is about
10,000 while a resistance-capacitance network might have a Q of 2.
The common freguency ran.e of a cryctal controlled oscillator 1s
100 kc/s to 10 mc/s. A resistance-capacitance oscillator might have
a range of freyuencies froa a fracfion of a cycle per second to
several megacycles per second.

The frequency determining network used in the oscillator to be
described in this thesis is a resistance-capacitence network usually
referred to as a Wien Fridge. (Ref. No. 3)

There are reverel reasons for this choice. It is one of the
few practical networks for sub-audio freguencies. The freguency of
oscilletion is inversely proportional to resistance and cajnacitance
rather than inversely proportional to the square root of these
guantities. The oscillations produced are of exceptional purity -
when the network is used with a linear amplifier. The elements of
the network are few and simple and are readily available in very
stable forms.

The network in its simplect form is shown in Fiz. 4.

——— | .

Viien Bridge Freyuency Petermining Network

Fig. 4



It is modified slightly when it is used in an oscillator. If the

circuit of Fig. 1 is broken at the points 1-2 and the amplifier is

replaced by the equivelent circuit of Thevinen's Theorem, (Ref. No. 4)

. . . 1
the circuit becomes that of Fig. 5. - ' KD

' / 7
MAAA o .| A 4 e
A * 1l - —

A CC 1 C / FP.,

4
Foc ' F..
B
- -l
Arplifier Fre uency Determining
Network

Fgulvalent Circult of Amnlifier and Frequency Determining
Network

Fig. S
The Parkhezusen condition for oscillation reguires thet the

. T, . . .

ratio F—Q be erxactly equal to the guin of the amplifier. It is
12

propoced to meke the gzin of the anplifier a pure, rezl nusber.
n enazlysis of the netuwork with this in view will give the p2in
reguirements of tlie emplifier and the requirements of the netiorik to
Jroduce any decired freyuency.

Kssume no output current and define Zy as the series iupedance

of F; and C. Define Z5 as the parallel impedence of R and Cy.

ThenF,)cz.“r'Fﬁz‘Fh'*?a-’1+R2+Zl
o + 2 +
E12 r 2 T 22
Thie will be & pure, real number if r = Zo
R2 Z1

Since R2 is a real nuiter, El must &leco be a real number.
r Zn
<



Zl = 1+ -_:‘WCP-], Z2 = R
jwC 1 + jRCiw
Z) = 1 - wiFRCC1 + j(wRy C + wRCy)
22 jRCw
Then Egg will be a recl number at the frejquency w,. Where
2 F12
LS REiCCl=1 . And at this frequency Z1 = F1+4 L. Let.Bl = N and
Z> Kk C K

C

L =M. Thenat wo,foc =1+y+u irRe =w+u.,
E1o T

Or, i1f the oscillator is to produce the freguency w, , the
amplifier must have a gain of 1 + N + M , The freguency determining

network must be such that RR; CCy = l? and B2 = N+ i,
Vo Tr

It is extremely difficult to design an amplifier whose gain 1is
a real number over a wide range of freguencies. The effect of phase
shift in the amplifier can be most easily understood if the transfer
characteristics of the circuit of Fig. 5 are presented as a function

of frequency.

Ejp =_rt 7
EOC

r+P.2+Zl+Zz
Z, = NR (1 - j¥l/ M = R
1 (1 - 3%}/ ) 22
1+jz4/f
w, N
If _32:N+M
by
o(w)
E, = G(. J
12 — Gl E . Where G(w) and 5(w) are real.

Eoe 1+N+ UM



G(W) = _
) e [ B (1w
w,“N (R + r) 1+N+ 4 L
W 1+N+k 1+ we
ten 6(w) = R
2 2
W i 1 2 N w
+ : + 1-
1 W< H+3)2 2+R+r 1+N+i-.{( 'wf)
r r R
Then w = W, , 6(w) = tan 6(w) and
w A (
X 1-%
w I+N+d ], ¢ Wo)
olw) = R
1+ i, 4 - 2 (1-E)
NG+ 2F 24 RaI 14N+ M %o
r r R

Grzphs of thece functions are given on the following pages.
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If N=W=1 and % =1, from these curves it can be cseen thet
a phase shift of only -5° in the amplifier would cause tue freguency
of oscillation to be about 0.7#, . This would be an excessive error
in the fregquency calibration.

This error can be made a minimum by prorer choice of the elerents
of the frequency determining network. The variables involved ere N,
i, and % . This is accomplished by muking the phuase shLift character-

ictics of the frejuency determining network vary ass rapidly as possible

near w. . The curves indicste th:t this czn be accomplished by

o]

making

H |

= oo, This is impocsible. However, if % > 10, the result
is very nearly the same.

The curves also indicate that M and N should be chosen as large
as possible. This is not true, becuuse the phase shift in the ampli-
fier is not independent of M and N.

The phase shift in a resistance coupled amplifier 1s given by the
relation ten 6 = :Cs . (Ref. No. 5) Where K is the nid-band gain
En
of the amplifier, Cq is the stray capacity of the circuit, and g, is

the transconductance of the tubte. In this case, the mid-bend gain

of the amplifier it required to be 1 + N + M,
_wC (1 + N + )

Therefore, ten 64 =
£m
Conditions for oscillation require that e(w) +o,= 0.
If £ =00, this yields
- wm M (1ot - WO (LHN4E) o g

To(l + N + i) e,



Wlich gives:

" 2
(1 - EQ?) _Cw (L AN+ )T,

vie gV i

This veletion is a meesure of the theoretical dial celibration

errore It is & minimun when N =M =0.5 . IfN =M =1; the retio

Q

of the value of this function to its minimum value is . This is no

o«

greet increase in callbration error, and a choice of M = N = 1 would
simplify construction conciderably by reducing the number of components
of different values.

For these reasons choices of N=M=1 and'§‘> 10 are nearly
optlinum,

The approximation that results when considering r = 0 is not an
unrezl one. In commercially available oscillators r is not present
in most circuits. However, R2 is present in the form of the impe-
dance seen looking back into the output of the amplifier. This is
ordinarily smell compared to R and does not introduce a serious
error in the dial czlibration. (A serious error here means an error
of the order of magnitude of the precision of the dial cetting. The
circuits that neglect RZ are usually tuned by a variable air conden-
cser. The precicion of the dial setting is about 1%. If greater
precision is reguired, it is usually necessary to consider R, .)

If the freguency of oscillation is to be varied by a vurialble
condenser, Ry can be neglected for aporoximate tuning occillators.

R2 can be made a part of Rl for more exact tuning oscillctorr. In
N_P.-]"'Rr)

the latter case =
R

-



If the frecuency is to be varied by a decade conductance for Bq
and B, r should exist piyesically for greutest eace of construction
and minimum dial calibration error. K, cen be made cuite sm~1l if
_the lact stage of the em-lifier is a cathode follower; this will help
keen R largee.

T

There are advantzges and disadvantages to each of therce wcthods
of tuning the oscillator.

A varistle air condenrcer will give a continunus freyuency spec-
trum over the range of the condenser. The tuning condencer ordinarily
can give values of C over a ten to one range. It is possible to
get a continuous frequency spectrum over a wide range of freguencies
by including a bund switch to change the velues of resistance. The
precision of dial setting cen be mzde as great as practicul by

increasing the dizl size and’or adding a worm gear drive to the
condencer. The physical size of the variable condencer limits the
lowest freyuency of such an oscillator to about 20 c.p.s. The phece
skift in the amplifier limlte the upper frequency of such en oscilla-
tor, |

If the tuning unit concists of a decade conductance, the
frequency spectrum of the oscillator is not continuous. However,
if the decade conductance is a four dial conductance, the points of
the frequency spectrum will be separated by 100 parts in a million.
This separation 1s small enough to be considered continuous for

frequencies up to several megacycles. This figure is also the limit

of dial calibration of th= best variable air condencer. Py using a



four dial decede conductznce, it is possible to set the freguency

over four decade bands with a single condenser. Tris is not possible
#ith the varicble condenser. The lower freguency linit of ogcillation
with & cdeczde conduclance tuning is & fraction of a cycle per second.
It is limited by the maximum resistance value that mey be pleced in

the grid circuit of the amplifier input, and the physical eize of
satirsfactory fived condensers. The upner frequency limit is determired
by the ohece shift in the amplifier end the impecdance of the fregucncy
determining network. The decade conductance does offer great eace and
precicion of tie freguency setting,

The un-er frequency 1limit ie ebout the same regardless of how
the tuning 1s accomplished. Any phese shift in the amplifier would
cauce the oscillator to oscillate at a freguency lower than the celi-
breted freguency. From the curves it is evident thuet a place shift
of but one dezree will cause the oscillator to oscillate a2t 2 freyuency
gyoroximately 2% of the dial eetting. The phase shift in the ampli-
fier is a direct function of the frequency.

The smellect value of txze tuning condenser, either fived or
variable, rliould be from 5 to 10 timcs the stray capacity of tlw
circuit, or &0 to 1i0 micro-micro-furals.

The smallect value of the tuning resistor, either fired or
voricble, is determined bty the outrut impedance of the wrplificr,

“hen the outout ste_e of the amplifier is & cathode follower, & low
outnhut imnedaace strge, the smallest perciescitle value of tuning
recgictor is about ; of the cuthode follower if the distortion is

bl
to be kept snzll.
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Thore limitations on the circuit at higher frequenciez place
the hi_test frequency of rullslactory onerution at absut one mega-
cycle.

In view of the orevious discussinn, a desiyn for a freguency
deternrining network using a three dial conductance is given in Fig. S.
Rgs Ry, @nd B, ere all constriucted e shown in Fig. 7. A conluctance

G ennears for R, between terainals 1-1'. A conductsnce <G, an.ecrs
y i < 3
a

for Ra tet.esn terminals 2-2'. A conductence 7G, epocu~s betneen
terminils Z-E' for B

L conductance _G apneers betucen ternindle 1-1' For T a

~n
L=l

eonductance Tﬁ - eurs tetioen terninels 2-2' for Py, ete. R is

-

cimilar cxeept tley have noninal velues over 1CC0. The combination

of B, , Fy , &nd R In purclicl thus fora o three dlel decade

conauctinee,

Te~somcble viluss for there componente ave:

5
L . . .
12 ohrs between teorminels 1-17 on R . Tenalning vilues for Fg ,

» and P, can be Ceteramincd as outlined stove. Ca = &uf,

E=nd Prequcicy Cuellest Fecistors Condencots
Range Increxzentsl
Frequency
.01-.1 cns 01 crs c Cq

R
1 -1 cns .01 b Fe Cy
1 - 10 crs .Cl P, R

P, R ,
12 =170 cos .1 " Cr
20 -1 Yeo 1 " Ce

1 - 18 *ece 12 n C3
10 -137 kes 29 " Ce

O s A D)

1775 =1730 ‘-ee 1272 " Ce
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Amplifier é

IL

ANVVWA
-~ VVyV
e §

i s g 8
c =
b i [‘ Cf
T Ce [ Cq
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Ca

R Band Switch

Cq
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Ca

Amplifier and Frequency Determining Network

Fig. 6
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Circuit of R,

Fig. 7
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This circult produces =2 truly decade oscillator. Tre :

~y o~

recictunce ies T172 olms excluling re The minimun capacity 1s &0 uuf.

cectirns are ag followc. It should huve & coin of Z 4+ i0 over the

frejuency range JClens to 130C%cce The output impedance ehould te

lecs then 202 ohnce The In-ubt impedance rhould be vory lorze; at

snull,
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ate it nececrary to usce a

direct-couplzd anrliflir. (Ref. No. 8) The cathode-coupl:zd amplifier

ie such & circvit, 2and it has recenty achisved conciiirulle alization
-~

for this erplication. (Ref. Uo. 7,8,2,15,11, and 1.)

Fig. 8 illurtrates the circuit for tlLis amplificr.
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NN T +

2

EO
gmlEll r € E T

Ey [ ’ E,
Zy
- =

Eoudivalent, Circull of a Cattode-Couple? Anmpliller
vy T
A.J.b. -~
An andlyeis of this circult gives the oulput volto_ e, Ty , in terre
of the invutl volte_es Ty , ¢22 T~ , &nd the clrcult perascters.
1
l tml *“«-(l + — )
< iay T
et DA
F - ~ ~
)
,
(.. +2 +21
- N 1,1 111 1 P k
o+ = t= 4+ Sl 4+ = A
=a ey r r 7 7 »
~ Fl o~ . L 3o 1 1 1
+ I < _"_ \:1+(‘+_". + = 4
1 2or T

r bl
s+ =+ £
E-. + % (b“l r 2. )
1+ —— 2% 1 +1 e
7 ro(~ 1 1 g
+_1._ + l L DA oy, o 4+ = += 1.
E’nl T, Z, + Lh.-"' T, r -‘L? )

This equation would &3nly equally vell to the einpler circult
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o +

v :“1(1 + ul)zk
g (14 -:L
Aa B 1
. - + 1+
€. (1 4+ = . 1)
l(.n. + 11:) g,l(l + ’Jl)‘..]{
- <

+—
+_.__~_.L_..(1 b)) 1+ 1

) 2 1
En (1+ - )7
) u) Eml(l +u)7y

r s = 41+ 1
- :‘; (l + 1 )7
rt = Eml(l + UZ) gml uy “k
D S

1+ L
(1+2)7
grl u uk

1o
The outprt imredarce of this amplifisr can ke seen to bte e

This is ordinarily corciderskl;

- greater then ZT0 obme usiig conventiondl
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- A ————— T OO

tites. For this reecon, thre crplifier is direct coupled to & catixde

follower. (TPef. No. 14) The out ut i.nefrrnce of a catlicle follower

. . 1 .
is er-oroxiretely = for tle tubte veoed and can be ecclly 1ade to be
e
lesrs than Z00 olxr
The gein eguation for the & 1 ifier irdicetes tict regrtive
feedbact could be vtilized by makicg Fo = BF, . Strictly e ucnl.g,

1t

lis 1z not regotive feedtacs girce the signal 1s not returned to tle

inpnat of the arlifier. The adventiois of 2. 1ying regctivae focdbac

the feelinck rimmol Ie not returned to tle irput, tliere advent:cec
ere retelned to a hizh defrec cince tle Inomt stege 1o a catlede

ct
.

follower -- a very steble, low Cdistorticn circul

Tre ar.lifler with & cathiode follover oubtput and ucoctive

- - , A 3 3
Yack netonrk wre shown in Fig. 11,

B+

——b

2a:r Ovntout S+oe end Ne-ntive Peod-

N - (8

B . 1 . . . ~1
Tre galn of tilc circuit is Zy - &% vh 7 £o-
r, - N MU 7o e
I (o) (4Tl

N o w1t
Lot



S e aedtea Vo
: n of tl¢c catrtele f2llover,

- L

P
H
(48}
-1
(e}
]
[SN
™M

)
o)

i)
4
i3
o)
=
]

f'. I‘,'.\ Zr -Acc
———e

%
&

Tien T i A

o)
]

El 14" "o
)
[ 93
This viI11l te &

reol pumker 1f 7p o, 7., end B oare reul.

In general, the lurger tre quentity BA "™ |, the greater will
be the reduction of digtnrtion end output imnedrnce of the ar lifisr,
Tris is acerrplirhed by clhoscirg tubes with 2 large transconductance

. , . 1
and plate resictence, by cleoncing e large Z2p , and by meking 2.5 .
e
. . o ceg vige 1
s corbiraticn of concitions together with the conditions for

.

orir irvsriably meav%e it nececscary to provide a grid bies

“\
-4
[qa)
=

surply. Tils complicates the power cuply and Introduces &?ditloru

J .
Jth for

}o

sources of noniee end hum into the circult. Crester Laond v
the erplifier 1 aleo rertlally arceured Yy chrosing tubec with a

lerge trensconductence. (Ref. MNo. 18)

It has teen suggected thet tle plote recistence of a pentode

te weed for Z,. (Fef. ¥o. €) Tiis would incure thet Z, would te
1

very ruch greeter tion = .
.
Ty

Pige 1D gives & circult trat ic a fair conmrronisce of thece

vericur coneiderntionss A concervetive ectimite of the tube pera-

neters and stray caraclty of the circult givec the following vslues

)
"9

with B = 0z

] — " —
m - &tn T

-
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rp = 2 mcgols

A = 35

Output Impedance = 400 ohms.
Input Impedance - open circuit.

Bandwidth - 0-500kxcs.

$1.x
f 10X
S 6AC7
R B -
+
%77k E,

Amplifier Circuit

Fig., 12

With B = .33

Gein = 3

Input Impecdance - ovpen circuit

Output Impedance - 40 ohms

Bandwidth O-Smes.

This value of bandwidth 1s not satisfactory for producing

oscillations at 1 ues, but it is Just about all thet can be obtained
with this circuit.



Amplitude Liait Control

The annlitude of oscillation is determined by the Burkhausen
conditions of oscillation. As long as these conditions are satisfied
and the amplifier operates in a lincar fashion, the amplilude will
continue to increace. Obviously, tle amplitude cannot continue to
increase indefinitely. In meny oscillators, awplitu. control is
accomplished by allowing the oscillations to build up until the ampli-
fier is operating in a non-linear fashion. This generates distortion
components which are fed back and amplified again. If the frequency
deternining network has a high G, the loop gain for these distortion
components is low and a reasonably pure sine wave results. If the
& of the frequency determining network is low, the loop gain mey be
nearly the csame for all frequencies, and the output will suffer con-
slderable distortion.

A more sstisfactory method of amplitude control is to operate
the amplifier in a linear range and control the amplitude by some
external non-linear element. A number of circults have been tested
and all of them give excellent results. (Ref. No. 17, 18, 13, 20,
21, 22 and 11) A method suggested by Becker, Green, and Pearson
seemed well adapted for this problem. (Ref. No. 23) This method
uces a thermistor for the non-linear element.

The theruistor 1s a thernally sensitive resistor with a large,
negative, temperature coefficient. (Ref. Vo. 24) As its temperature
increeases the resistance decreases. The heating of the thermistor

can be accomplished by applying a voltage to its terminals., The
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effect 1s to produce a non-linear resistaznce. Fig. 13 gives a

typical characteristic of thermistors.

stunce

3

Reri

(&)

Ther—ictnr

Applied Volteage
Typical Thermistor Characteristics
Fig. 13

Trie curve is obtained by applying D-C voltages of various
values, allowuing the therairtor to come to a thermal eguilibrium
and meeasuring the resistance. It would be observed equally well
ucing periodic voltages providing the period of the voltage were
short compared with the thermal time constant of the thermistor.
This condition is necessury to insure thet the thermistor temperature
reneins congtant throughout the voltage cycle. Under this condition
the thermistor would appear like an ordinary linear resistor at eny
given velue of applied voltage. If the voltage were increuased, and
if the thermistor were allowed to come to thermal eguilibrium, tle
thermlstor would again apnear like an ordinary resistor of smaller
value than that observed previously. The application of this
property to the prrecent problem can best be underclood by considering
the g:in eguution of the amplifier.

Tie gain of a:plifizrs with a large awount of negative feedback



is glven eporoxinmstely by 1 . where B is tre fecdback fuctor,

to

(Re®. No, 15) Trz =i- is nearly inderendent of tite ~r-.motzre and

vy

circuit constaernts otrer tlan the feedback netuoirke TH

[}

logical pluce
to ure the thernistor then, i1s in the negutive feedback net.ork.

The reguirements of this network are thot B shall te a constant
for cycalic variations of voltage of short vperiod and fixed ampli-
tude, but B shall increase with an increaze in amplitude.

Fic. 14 chows the fecdbuck and amplitude control netvork end its
connection into the amplificr circuit. The feediack factor, B, is
determined by the voltzge divider ﬁetwork compocei of the therwmictors
and the trimer condenser. The function of the WEDA and WE1OA
thernictors is to conpensate the network for changes in ambient
tenperature. There thermistors 8ll have about the sane tenperature
coeficient. Yowever, the WEIA thermictnr shows a much more rapid
cienge of recistance with low voltz_e than do the other tiwo. From

the curves of Fig. 15 it can te ceen thut for voltapes up to I3 volts

[ g

TTAA

Jen

w

across the network, the ovarallel comkination resistunce of th
end the WF1CA thernictors does not cliange, while the resistance of
the VT1A thcranistor will chenge appreciably. Since the resistance-
volt:ge churacterictic of a fhermi?tor is a functlon of ambient temnp-
erature, this combinetion is virtuelly indcoendent of temperature.
The frnction of the two neon lamps (NFZ) is to direct couple
the two halves of the 8°N7 and m=intaln a fixed potential difference
between their cathodes. (Ref. No. 25). The plute recistunce of the

2837 cormpletes this coupling scheme. The purpoce of this method of
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Circuit of Amplifier and Axzplituie
Cotryl Hetiork

counling is to talancz the direct current componcnt of volis_e out
of the thermiztorr networz and rence increase the sencitivity of the
emsiitude control.

The trimmer condencer comjencates the amplifier for phuse siift
et hignt freyuencicr. The oncration is &s follows. Due to the stray
capucity ol tre circuil, tre gain of tlie amplifier becomes a conplex

nurber at high frequerciecs It is given by the eguation

Ao
=0 = P
Fy - A - (Rer. No, 5)
1+ 38, +B A
v g,

where A and B are defined as before, and v is the u-per half-pouer
frequency of the amplifier. If B is a real number, the guin is com-
plex; and, as pointed out eurlier, the ~hase shift becores excessive
at high frequencizs., At 520 %ce thie phase shift becomes great

enougn to cause an error of 157 in the freyuency culibration. 4
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counlex B could improve tihls consider=vly.
The ecsential elemerte of the feclback network are rsioun in

Tig. 13.

Rl
ot *PZ B

B

Flerents of the Negntive Feedbuclk Netiork
Fig. 16

B for this network is givea by

B

r « RIR~C
1 - 5 (
l Rl + o

E = P2 ‘
Ry + B, | oo N
1 2 Ll + (Mulu:C )

ﬂl + R2

Thie-ls inserted into the gein equation for the amplifier below.

B, = A
fi - D wiere D 1s given as
n
D = 1 + En 272
' . n <
g~ (R1 + Ro) [1 +(:CPT ]
17 Fq 4 RE)

+ j,& W Ehﬁﬁﬁjc j}
w = _
\I S,'(P]' + R )2 ll +(V.'CP.-,P.2. )&]
Ry + By

From tiis equation it cun be ceen that at any given fre ucncy
the phare eLift may be made zero, pocitive, or neogstive by ad urlirg

C. It cza not be mule zero for all freyuencicr, however. For
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aluce of k) ﬁ;'l’ the phese shift can be made practicully zero.

Y

The Porer Sunoly:

The povwer supdly reguirements are as follous:
41 millisaps at 300 volts

8 milliamne et 120 volts

The 130 volt supnly should huve an internal Lmpedance cf less thun
20 olrice In additi-n, both of there voltages should be frec from

ort tine fluctuations with line voltu_c. T

-

run and ripple and ¢ ece
latter requirements dictute the uce of a voltage reguloted pover

('n,..o T ~n

sunplye. (TFef. Wo. <G

The circult ir piven with the complete circuit diagron. It ic
quite conventional with the evception of ti.e reference volti e tubecs.
Small neon laups were used for tlis asnlication rether than tie more

conventionul "VR" tubes., The current reguired for therc lam>c is

about .3 milliamps corpared to 20 zillicarns for the "VE" tuloer,.

Ci--uit Dir/o and Conciruction Peteila:

T2 eomplote cirveuit diagr=m 1s given on tle following nrpce.

The corgmmont marte were mrunted on & 17- by 2- by 3-in. steel

"
1G]
, dn
w
L]
5

<3
(V]
b

chas ettenst wac made to kecp stray capacity to a

2ininum, and the power supnly wes completely shielded from the

rezeinder of the circuit in order to relduce rum in the output eignal,
The remcining conctructlion vwis conventionul,
Tre weocl tinve-concuniry operution Juring the construction period
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wno the rolection of resistore for ths freguencey deteridilng net-
worlse Tidr network congir

tolararce of T Trere

vzlies so it wee decided to
recictore.
Tre mcthod In which tlis was carricd oub wus ac fo1lous:

The Z133 okm resicter pair of R

PRI 1 IR I~ b e IS ms L IR § o~ ¥ —r 2 -
Sl it MLCe tO acc —~ i L2 TLNLL T Lelilvor TLtIre w.I'e

celaocted by chooring recicbors slipghtly higter tihom ths requdred

1

vzlue and trhen shurting her resicstors until the correct

e proteccd om own orceillosioie.
Tt wzs= nece~ruy to ure wn cunilicry occillator end wole freguert
crecle apainct the crigingl recistor nllir.

feveral ploture- of the complet

27 occillatorr ere croua

follouing a discuzri-n of the tect results.

In generol, thir oscillitor performe very well. The annlitude

. . . + .
of occillation ie 7 volts - .5 volts over its complete frogueroy

TENSCa

3 and &2 %cs the dictortion is lers tlan C.-%.

Petwen 20 ¢

1t le for mulking dictoriti~n werrine - ot-

[

To tert eguirsmcii was ave

o

outside of tric ‘requency buni. No 7L-Lortisn could be observed



mistor vos evellible with a time conestont long or thun that of the
wWP1A. Sirce tie tlme constant of tlisc thermictor is oboubt I8 coeonds,
tre arrlifi-r nmight be expected to intreduce more distortion at
frequencler Telsw oS cife A geries of oscillograns is Inclocld o
illurtrate the wuve cioje ot various frequencies.

Tre fregueney rance of thiszs occlllzteor ir 0421 cpe to 822 “ec,
Tt wire Loped to muke the frequercy range Cu0l czs ts 1 mes; however,

)l e m oy ce Y P R oT. 41 ~ eI oY o R e o -t P
it s i";.?.l.'. sible to Corre cote e MLl ALY for riwce silft Wove

N

| PR, wre gy v 1 e .. - . R FIRCS
23 meo. Vithoul trhe plize eh18% compcncation tre fregquency »ur e

was D.01 coc to 170 lics

e
()
4

Tre ¢ffcrt of tlhe cmplitude el circiit is sgtowa In Fig. 17.
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