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! A bridge oscillator 1s one employing both
positive nnd negative feedback at the nputs

of an operational amplifier. By this means it
is possible to imutate, using only resistors
and capacitors, o high-@ LC oscillator
2 which mamfestly behaves n the same way,
. 1e with high Frequency stability and low
i harmonic distortton; nlthough neither of
these properties can be associated with the
often misnamed Wien brrdge circuit shown
inFig. 1. Thelatter does not possess a bridge
: structure and only shows the propertics
F described when modified to include nega-
= tive feedback via n resistive arm as i Fig. 5.
E Nevertheless, 1t is the most common form
e and such oscillators are commercially avail-
able with a 10/1 variation in frequency per
_ dial turn and overall coverage of 10%/1 from,
: say, 1Hz to IMHz. They possess two major
g advantages over LC oscillators, viz,;
f (1) They have a wideband tuning capability.
- Thus, whereas in an LC osaillator o 1071
r variation mm L or C produces a 3 16/1 van-
N~ ation 1n frequency, a 10/ change in the R
X or C of a Wien bridge network produces a
10/1 change in the oseillation frequency
(2) At frequencies below several kilohertz
the linear indectors required for an LC
oscillator become unwieldy and expensive.
- The two other common forms of RC
bnidge circuit, thie balanced form of the
symmetrical twin T, Fig. 2, and the bridged
T, Fig. 3, possess simuiar advantages over
LC neiworks. Furthermore, with the pro-
viso that when used mn an oscillator the
same amplifier is used 1 all three RC con-
figurations, they produce an output with
lower harmonic distortion and better fre-
quency stability than the Wicn bridge
Bndge oscillators are not, however, ¢x-
clusively of the RC type. Another form in
commaon use is the Mencham brdge shown
in Fig. 4, which employs a crystal instead of
an RC network in the frequency selective
arm. The exsstence of fecdback via R, and
- R; mereases the frequency stobility and
deereases the harmonic distortion com-
pared to that of an oseillator in which the
frequency ts controlled by a crystal alone,
The factor of improvement is of the order
of the amplifier gain
Smce the behaviour of each of the three
RC bndpe networks is very sumilar the
-~ carlier sections of theensuing discussion will
give a companison {from the standpoint of
harmomcdistortionand frequencystability)
of oscillatorsin which theyareincorporated.
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This will be followed by an examination

of the Meacham bridge, The final section
_will deal with the problem of amplitude

stabilization

Harmonic distortion

In a self-starting oscillator the amplitude of
oscillation increases unbl the amplifier
gan x feedback fraction 15 unity. In the
process, the active device will, for any real
output swing, be operating over a large
portion of its characteristics and conse-
quently non-lincanty distortion will be
introduced. The harmonics thus produced
may be treated as additronal signals within
the fecdback loop and each harmenic will
be acted upon by the factor

H, 1
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Fig. 1. Wien network, which becontes a
bridge when completed by a resistive arm,
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Fig. 4. Meacham brjdge.crystal network.
> L2 = 5,

where £, 1s the harmonic distortion in the 3¥™ -
oscillator, A, the harmonic distortion in thes
amplifier, 4 the amplifier gain and B, th
feedback fraction for the nth harmenie. A
the frequency of oscillation, £,

1
dB,=IandK,=———A(B _B)u

1 Foo)
e 1) = i@~y "‘%ﬂ%

Since it is desirable to produce an almost-
sinusordal output then the harmonic diss
{ortion should be small Each of the har?
monics produced m the amplifieris modified
by the factor (IK_I and for a well designed
network {hes factor should be as small s
possible Fora givep amplifier thiswilloccuris®
when B,— B, 15 large. .

The more selective the feedback networ
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Fig 2. Twin T RC network.
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__,,,.me-msﬁ‘ value of | B,— B} and, for
' Agiven én degree of amplifier distortion, the
5 \morc pure will be the output wave, From
£5 this point of view, therefore, the relative
/f quality of two oscillators can be obtained

¥, by comparing their respective | X, | factors

‘E‘Such a compunson will now be made for

B} osmllators cmploymg the feedback net-
I \;fjworks shown in Figs. 2, 3and §

; d:'WI bridge. To incorporate the Wien
9.gﬁndgc into an oscillator, the amplifier must
have both an inverting and non-inverting
input termmal, Since the frequency selective
-arm of the bridge has a maximum trans.
" mission at resonance then it 1s connected to
the non-inverting terminal and negative
. feedback is applied via the resistive arm to
the 1nverting input.
Assuming the amphfier input resistance
is large compared to aR and R, the feed-
back fraction 15 given by Appendix 1 as

d,.,__,_.._,-v
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? 3 G+ ufab) ¢
¢ &, 1.1
?j::wff wl_lcre X = 1+53+b”
S u = (ofw,—w,/o),

¥ o R;
32 . B =
é%ﬁ (Ra+Ry)
gffﬁ“ Substituting for B, and B, in Ec}. (1) gives
LR K| = xabfAle it +(1fab)) and this
bedk  takes the values shown in Table 1 for the

% & - second and third barmonics.
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'gf;t a=h=1 6 69/A 45/A

SN | a=b=.3/2 | 339/A4 | 2534
vt

;‘j’ . Obviously the larger 1s the value of A the

£33 smaller are the factors K, and K;. Thus for

g 3 the completely unbalanced bndge where

- there {5 no resistive feedback and the ampli-
fier gain = x then X; = 6 69/x. Using an
ainplifier gain of 100x reduces this factora
hundredfold but requires the introduction
of resistive feedback 1n which the feedback
ratio is controllable to withun 134 of 1/x
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ﬁTwln T. The twin T, being a minimum

*transmission network, is connected 1n the
ncgamre feedback loop when employed 1
-ascillator circusts The transfer response of
:’5} .the unloaded network is given by references
*1,2and 3 as

i-.
& g1

- where 4 = ofw,—~o,/i and @, = HCR.
'me sensiuwty’ of this function with re-
spcct to a, i.c. d|(p,/v,)|/dn is 2 maximum
l‘orn = 1 and this accounts for the fact that

oscillator circuits it ismore generally seen

fo qlr"""mthe: form showa in Fig. 6. For this reason

< ":Zﬁgennon will be restnicted to this type of
netwotk in which
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evant substitutions in Eq. 1 gives the resulis
shown io Table 2.

Table 2

K2 Ky
8.85/4 1.81/4

From a comparison of Tables 1 and 21t
would seem, therefore, that the twin T
oscillator shows lower harmonic distortion.
Unfortunately, vanatton of the oscillator
frequency requires that three elements be
altered simultaneously In general, there-
fore, twin T oscillators are only used 1n
cases of fixed frequency operation

Bridged T. The bridged T network may
take either of the forms shown in Fig. 3,
there being no difference in thewr behaviour,
Since the circust is & munimum fransmission

network it 15 used in the negative feedback .

arm as m Fig. 7 to provide the frequency
selectivity necessary 1n an osaillator.
The feedback fraction By, 15 given by:*

{m—2jfu)
{m—J{m*+2)/u
where B, = R3f(R;+ Ry) and u = {(o/w,—
o,/w) Substituting for B, and B, m Eq. 1
gives

By, = B,—

1, mN\E
K.} = ﬁ 2+m?) (m’-%-(m :;2) )

which leads to the results shown i Table 3,
where the factors m = 2.5 and m = 3,since

thcyapprommatclycormpmdtothcvnlues
for mwhere| Ky (m = 2.5) and | Ky| (m = 3)

are at their minimum
Table 3
m Kg K3
1 6.69/A 6.3/4
26 2.55/A 2.14/A
3 3.22/A 2.08/A
Frequency stabilization

The frequency of oscillation is identically
that for which the phase shift round the
loop is zero. If some parameter of the am-
plifier shonld change and produce a phase
shift then the oscillation frequency will
chungc to re-establish the zero phase condt-
tion. For example, of the change in lht'.
amplifier produces a phase shift of, say, 1°
ang if the phase shift of the bridge network
in the neighbourhood of the oscillation fre-
quency is —10° per 1000Hz then there will
be an increase in the oscillation frequency
of 100Hz, Obviously the greater the rate of
change of phase with frequency of the
bridge the greater will be its frequency
stability.

The 100Hz change in oscillator frequency
ducto the parameter change in theamplifier
was calculated on the basis that

Af = ‘“’

where Af = 100H=, A¢ = 1° = phase shilt

w,m
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Fig. 8. Variation of frequency stabillty
Jactor with frequency.

1n amplifier, and ;' = d¢/df = 0. 01°/Hz,
which 15 the mate of change of phase with
frequency of the frequency-determining net-
work, From g practical pont of view 1t is
much more Mportant to know the frac-
tional change in frequency 1¢ AjZf; Con-
sequently, i making a comparison of the
frequency stability of oscillation 1t 15 usual
to use a stability factor S, = S, of the fre-
quency selective network as the basis of the
comparison. A phase shift of Ag in the
amplfier then produces a fractional change
of AfAf, = Ad/S,.

As shown in Appcndu: 2, S; for each of
the three networks so far considered has a
maximum value of 0.54 for the twin T,
0.474 for the bridged T and 0.224 for the
Wien bridge. When S 15 plotted as a func-
tion of fjif,, for A = constant = 10, the
cutves take on the form shown in Fig. 8,
Increasing A produces curves with a similar
shape but with a hipher peak value and a
faster rate of fall off. It can be seen from
these curves that, spam, the twin T, in-
herently, gives the best oscillator.,

Meacham bridge. The Meacham bndge
oscillator shown in Fig. 9 combnes the
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‘properties .of a high-@ LC circuit and.a.n

an cxtremely precise frequency standard,
with the highest stability of any cricuit yet
devised. The positive feedback is frequency
dependent attaining 2 maximum at the
series resonant frequency of the crystal,
Assuming there is no phase shift in the
amphficr, oscillatfon takes place at this
frequency

Using the equvalent series model of the
crystal the feedback fraction B, is given by:

Ry )’
(Ry+rejol+1foC)y

where B, = R,/(R, -+ R;). Substituting N =
t/Ry = I{(LC')* and @ = Ljr this becomes

sl _o..p
@+ D+NGe "

This equation is of the snme form as Eg. (2)
for the Wien bridge, the factors N4 1 and
ON being analogous to x and 1/ab respect-
jvcly, By analogy it follows that the factor
K, forthe Meacham bridge may be obtnined
using the earlier results and replacing x and
ab by their analogics. Hence

(N+1) [(V+1)
¢ le AON { " Qm}

For all harmonics # = {w/w,— o, /a)>1 s0
that (¥ + 1)}/u*> (N1} Furthermore, since
Qisvery large(typicatly 20,000) and provid-
ing Nisnot too much smaller than unity this
approximates to

Blb=

B-bu

_+D
5 NA

which is completely independent of the re-
sistive side of the bridge.

In a similar manner by substituting for
x = (N+1)and ON = I/ab the expression
for the frequency stabihty factor S; at the
frequency of oscillation is (Appendix 2)

_ _RoN4)
' (N'!‘ 1)2

This function 15 geometrically symmetrical
about ¥ = I and has a maximum value of
—0A4/2 at this pont.

Amplitude stabilization

Theamplitudestability of an oscillatoris the
sensitivity of the oscillation amptitude ¥, (o
vanations in temperature, supply voltage
efc. In particular, the amplitude stability
factor is defined as

INAIA
Apfp

where e is the parameter within the oscilla-
tor which is subject to variation. Obviously,
the lower the value of Sy the more stable
will be the output amplitude and frequently
amplitude control elements are used to
provide the necessary stabilization,
Todemonstrate the function of thesecon-
trol elements imagine that the feédback
resistor R; of the Wien bridge network in-
creases with the vollage across it. If the out-
put amplitude should increase then R, and
hence the feedback fraction R,/(Ry +RJ)
will increase This reduces the voltage fed
back and causes a decrease in output.

Spp = ———

\ _.f@.\_’m.%fg‘— b o 2

r
wpain 1 B SR

C

Ry SR,

Fig. 9. Meachant bridge oscillator, showing
the erystal as a tuned circuit.
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Fig. 10. Characteristics of a 6V, 0.36W
tungsten-filanient bulh,

One form the stabilization element may
take 1s 2 tungsten filament lamp. Typically
theselamps haven characteristic of the form
shown m Fig. 10 in which case over a wide
voltage range the resistance R, is given by:

R; = R4+ KV,; ¥, = volts across lamp,
Under oscillatory conditions

R, 11
Sty (3“:) aEebe =l

therefore

KR, d4d

o= Gk ARy P

L
But

R 2 1
——— = ] o e
R.1KV.ER, r=3t2

e % for large 4.
Hence

dA4 2KA4

T TR R R

and

dAjA - 2K dav, v
dVfV, - 3A(R,+ R +KV)dV,
Since V b Vﬂlcn dF, = 1/3d¥, and

a%’(

Sdﬂ

4 WMW{%M -

TR AT

S, = 2KVon_ .,
4 9A(R;+R+K}3V,)‘\%L%
In the limit as X tends to infinity then S5

tends to a maximum of 2/34.

The amplitude control element may !akc.-
many different forms. In the Meach
bridge circuit the resistor R needs to in3
crease as ¥, increases, Pmchcall! r
be uccompllshed using an fe.t.* 'Ihc out- &

put voltage is rectified and used to oonlrol i

Quantitively the stabilization factor may be=g
assessed in a manner similar to that used for =y %
the Wien bndge. A

Appendix 1

For the Wien bridge the voltage, oy, fed 3 18
back is given by: :

aR b
v @EHEORC

77 1 R ar BT ek
JwbC " a " (aR+bjjoC) juC "H”gg
abR *:,

= @R+ G/} R+abR+ 1fjaC+juCR® 3
~B, N
- 1 _p &~
(1+lfa3+l!b’+j——————-——mm_ﬂmc£) s
ab I ry; &

1 Vol

=x+ju/ab-3" (A%‘

where 2 = 1+1/a®+1/3, u = (w/m—
afw) and @, = 1/CR. 3

Appendix 2

From Appendix 1 1t follows that at the fres

quency of oscillation 'f.% .
.B'.b = i“'B .

that B = ifx—1/4 Subsumtmg for this
factor in Eq Al gives

X ju -
= (1/A-1/%) :

x-+julab

The loop gain 4B, = |4B,,| ¢ wherg;,
¢ = phaseshift. Assumingthereisnophases, |
shift in the amplificr, ¢ = ¢, (phase shlft
of 8,,). Heace from Eq. A2 x;ac

vl L 0ta-1/- mn"(u/xab??
d¢ [411 1 i:?%
%= j‘-’dm [xab Z“;}

1
{l-i-{Au!xnb(lM-lfx)}’} .

() rriem)]

14,7, ’_{wﬁ%)
X w, jar :

Pwp=1tan”
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Fasi

ﬁ%cn‘pluttcd asa l‘uncuon of w/a,, Sy takes
& maximum value when this mtio is unity.
tﬁﬂUndcr this condition Eq. A% siinplifies to

B r%..gl\fe
v 4

v 2
Sp= (-4

2
¥, = —022d4dwhena=b=1,
*’%:‘ Similadly for the twin T

1/4

P B
3 _ (A~-))—4jjdu
& On (1—4jfu)

$r = tan~ (4fu(A—1))+tan™"'(4/u)
SJ' = {l'*'mcz!mz}{uz(d

-4 }
“D)+16/A-1)

416

Atw = o, = 0and 5 = —d/2.
Finally, for the bridged T

Ve B 1A 2 42)

_ {mf A=+ 2)} (o + 2}/ A
n—jm4-2)fu
¢y = tan~Y(m? 4-2)/Aun
+tan~m? 4 2)fmu,
@ = mid=mPlimt4-2)

.8 = {l+ofw =}{( ‘:2)} .

1
x {:ﬁ +P 24 ’a’}

(2 +2)/m
w4 {(m2 4 2)m}*

Substitutingm = 2.5ande = a,(fic.u=0)
. gives §p = —0.474.
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Radio Wave Propagation, by Armel Pricquerand,
is sutable for radio engincers whe want a
better understanding of the phenomena, The
initial chapters of the book surmmarize the
present state of our knowledge of wave pro-
pagation as far as it concerns the telecommuni-
cations engincer. Following choplers give
graphs which can be used [or the calculation
of the principal parameters of communication
circnits. An appendix gives a brief review of
those concepts of mathematical physicsrequired
for the comprehension of the theoreticn) dis-
cussions in this book. Price £10. Pp. 343.
Mecmillan, 4 Little Essex Street, London
WC2RLF.

Electrotechnolopy Basic Theory and Clreuit
Cnlevlations for Elecirical Engincers, by M. G.
Say, starts with a chapter on units and physical
quentities. A second chapler denls with the
physieal nawce of clectric charge and con-
duction ard then explains the efiects In practical
terms. A third chapter deals with network
analysis, starting with basie circuit pacameters
and outlning some of the short-cut techniques
devised to solve pariicular groups of problems.
The book concludes with a chapter on special
techmques of circuit annlysis. Price £1.70.
Pp. 176. Newnes-Butterworths Litd, Borough
Green, Sevenonks, Kent TNIS 8PH.

Electronle Cireult Analysis, by Wade, Edweands
and Clark, has been designed for techmeal
college students. An enginecring approximation
spproach is used (o provide an understandng
of practical cglectronic circwts. The basc
circuit theories required are Ohm's law,
Kirchhoil's laws, Thévenin's and Norton's
theorems. Numerous diagrams and worked
examples are included to {llustrate the
annfytical techmques employed, Price £12
(£8.25 paper back). Pp. 640, John Wiley and
Sons Lid, Baffins Lane, Chichester, Sussex.

Slow Sean Television Handbook is suitable for
the amateur interested in ss.tv. Alter a briel
hustorical introduction the book explains the
basic prninciples involved together wath some
popular circuits used in sstv A chapter on
momtors gives several full elrcuit diagrams and
parts lists, Subsequent chapters deal with
fiyng spot scanners, lLve widicon cameras,
colour cquipment and applications of audio
filters. The book concludes with chapters on
test gear and commercial equipment. Price £2
plus 20p postage and packing. Pp. 248. Briush
Amateur Television Club, ¢/o *“While Occhard”,
64 Showell Lane, Pean, Wolverthampton,
Stalfls WV4 4TT,

Questions and Answerg Integrated Clreults, by
R. G. Hibberd, 15 a pocket book aimed at
helping studems or techmcians understand ies
The sections m the book are: basic aspects. of
ics., Le, technology, digial, linear and m.g.s.
Lcs, msi ond Lsi and applications. Price
‘75p. Pp. 96. Butterworth & Co Lid, Borough
Green, Savenoaks, Kent TN15 8PH.
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The Bruseval Rald, by Georgc Millar, is.gqtﬂ F
techaical book, but & well-researched deseripe..
tion of the events leading up to the decision fo
capture an intact German radar ground station
m 1941, British and German scientists had
reached a comparable state of knowledgein'the
development of redar, but the German ground

for Bomber Command, It became known thata

systems were beginning to constitute a problem q

station existéd near Le Havre nt Bruneval,
and Combined Operntions pulled off the raid,
which was uselul not only in the nequisition of
the relevant information, but in supplying a
very necessary boost to mornle at a pasti-
culagdy dismal period of the war. Price £2.50.
Pp. 208, Bodley Head Litd, 9 Bow Street,
London WC2,

Now available from RCA is the 74 serics of
data books which comprise COS/MOS Digiial
Integraied  Clrcults—SSD-203B, Thyrlstors,
Rectiflers and Diges—SSD-205B, Power Tran-
sistors and Power Hybrid Circnlts—SSD-204 B,
RF Power Devlees——SSD-2058, Lipear In-
tegrated Clrenits and MOS Devlces application
notes—SSD-202B, and Lincar Integrated Cir-
cults and MOS Devlces Sclectlon Guide—
SSD-207B. Al the volumes are priced at
£1,50 or £6 for the set of six, RCA Ltd,
Sunbury-on-Thames, Middx TW16 THW.

Loglcal Design of Switching Circulls, by
Douglas Lewin, is a tutorially-written book
intended as a text for courses on logical design
with an engincering approach rather then the
more usuzl mathematcal treatment being
adopted. The book initially explzing the
principles of switching and the design of
combinational switching circuits and sequential
circwits. Subsequent chapters deal with circuit
implementation, sutomatic design, and logic
design with complex integrated circuits. A
fina]l chapter gives an introduction to com-
puters and computer programming. Throaghout
the book problems with worked solutions are
provided to ald private study. All the logic
symbols in the book follow. the American
MILSPEC system. Price £4.75. Pp. 404.
Thomas MNelson & Sons Ltd, 36 Park Street,
London W1Y 4DE.

Baslc Audlo Systetns, by Norman H. Crow-
hurst, Moblle Radio Handbook, by Leo G.
Sands, and Rapld Radio Repalr, by G. Warren
Heath, pniced ot £1.60 (££.50 Mobile Radio
Handbook) are the latest additions to the
Foulsham-Tab series. Foulsham-Tab & Co Ltd,
Yeovil Road, Slough, Bucks.

Ploncer of Sclence nnd Discoveryr Michznel
Faraday and Electrcliy, by Brian Bowers, is
the story of Faraday from eardy life to retire-
ment. Althoupgh 1t is not a technical book,
many of Faraday’s experiments are explained
together wath photographs acd dingrams
Price £2,25. Pp. 96, Priory Press Lid, 101
Gray's Inn Road, London WCIX 8TX.

Electrical Indlcaling Instruments, by G. F.
‘Tage, is smtable for engineers concerned with
the destgn and manufacture of Instntments. This
book describes general instruments as well as
providing nformation on components and the
overall performance. Alter a chapter on general
principles, the suspension and contrel systems
are dwscussed followed by a chapter on
damping and respopse times. Subsequent
chapters deal with permanent magnets and the
bock concludes with chapters on dynamometer,
thermal and electrostatic instruments. Price
£6, Pp. 227. Butterworth & Co Ltd, Borotigh
Green, Sevenonks, Kent TN15 8PH.



