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s u PA PA A R Y 

The desirable characteristics of the APO system are the 

high value of look and capture ran6e together with low 

value of noise bandtidth. These three are not compatable 

with each other i.e. the increase of the look and capture 

range of the system is accompanied with an increase rf 

noise bandwidth of the system. However, after the system 

is locked the noise bandwidth can be reduced without 

affecting the other desirable characteristics. A two pos-

ition servomechanism has been developed which incorporates 

this idea. Initially, the system starts with a broad band 

loop and after it has synchronised it automatically switc-

hes over to a narrow band condition thereby, reducing the 

noise bandwidth. It has been shown theoritically and 

exE- erimentally that this switching action does not.introd-

uce any instability. 



LIST OF SYMBOLS 

= Maximum amplitude of the reference signal 

A,)  = Maximum amplitude of the controlled output 

I{1  = Sensitivity of the Phase detector in my/radian 

K2  = Sensitivity of the reactance tube oscillator combination 
in radians/sec x volt. 

k  = KIK2, overall gain constant of the system 

= Frequency of the incoming signal. 

coo  = Free running frequency of the socillator 

= Phase of the reference signal in radians 

~2  = Phase of the controlled output in radians 

= Steady state phase error = ~l - (i2 in radians 

The difference between the frequency c1 of the reference 

source and the free running frequency goof the oscillator. 

F(p) =  Transfer function of the interconnecting network. 

= 	Damping factor of the system 

NI  = Noise at the main input of the system 

N2  = Noise at the reactance tube oscillator combination. 

H(jw) = Closed loop transfer functi n of the system 

'T'1 ,Tz  = Time constants of the interconnecting network 

T 	= Time constant of the Low pt.sy filter. 

c = Cut-off frequcry of the system 
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using an automatic two position .witching system. Initia-

lly, the system has a wide bandwidth and after locking 

the system is switched over to a narrow bandwidth position 

Thus a large pull-in range is obtained initially and after 

the circuit hts synchronic d the noise bandwidth is reduced 

by the switching action. Basically, such a system is a 

relay or Bang Bang servomechanism and hence it has been 

culled Bang Bang control of an „PC loop. 

2.0 Characteristics of the APC system: 

The desirable characteristics of the APC system 

are (a) a small steLdy state error. (b) an adequate 

pull-in and the lock range (c) small pull-out range (d) a 

small noise bandwidth. 

2.1 Steady state error: 

The steady state solution of the differential 

equation g(vernj'ng the APC system as derived in appendix 1 

is KF(p)Sin = -/Ki?(p) 

where -a = difference between the frequency 

of the source and the free running 

frequency of the oscillLtor 

K = Overall gain constant of the system 

F(p) = Transfer functi-n of the interconn-

ecting net.•iork. 



from the above it is seen that fo- a small steady state 

error -°-' 	KF(p) i.e. the amount of initial mistuning 

should be as small as possible or in other words for a 

given mistuning the value o:' gain constant K should be 

large. 

2.2  Lock Range 

(1) 
Lock range is the total change in t-ie unlocked 

oscillator frequency which can be obtained by the system. 

In other words the lock range is limited to the total 

variation of frequency which is obtainable from the V.C.O. 

circuit. The lock range for a linear reactance tube 

oscillator combinr:ticn and a linear phase detector is 

'ITK1K2  radians/sec. where: 

K1  = The sensitivity constant of the phase detector 

in volts/radian. 

K2  = Sensitivity of the reactance tube oscillator 

combination in radians/sec.volt 

The phase detector output does not vary line.rly With the 
(1) 

phase difference 	but the Sine of 	. It can be shown 

that this non-linearity reduces the look range to 2K1K2  

radians/sec.volt. The lock range c.n also be ascettained 

alternatively from the steady state solution of the funda-

mental differential equation of the AFC system which is of 

the form: 

B 

+ KF (p) S i n 	= -n- 



for F(p) = 1, tho cto. dy stac.o solution of the above 

difl'orenti:.1 oqu~.tion is: 

=aroSin -r'-/ 

Qtu tiro ma..arum vuluo of Sind is limited to t i the maxim m 

dif~oronco froqucncy bot:.reon the incoming signal and tho 

local ocolllator ih ;n the ay: tom can lock is ± K radians/coo, 

^,horof orv, tho rLnGo of opore.tion Is limited to 2K radiarn/oco. 

For iL >-0-a hystorocis or a pulling effect exists and the 

c tom looks into cynchronioation with the input ;.incl. 
(2) 

For K - tho system is ut asynchronous state and no look- 

ino is posy ibl e, 

.3 pturo Range o or the Pull-in range of the APC system: 

Lot, originally, t'je system be unlocked and --D-
be th© froq, iency diffevonce bote7oon the free running 

oscillator and the input si ,nal, Au Bois reduced slowly 

by varying the oscillator tuning there ni'il be a difference 

frrcquonoy -n1 rudit no/sec. at u_iioh :.be system just looks. 

This -a, the lurt,ost value of - - at which loot-ring can take 
(1,2) 

pl oo is knoven as capture runuo. In other words the pull 

in runao of synchronization or the capture range is the 

maximum value of for which irrespective of the initial 

condition of the system the phase dift`eronco i botaoon the 

roforonco and tho controlled output ro ohes the steady 

ot~.to vuluo, The variation of i In the pull-in run co 
2s in many r&diuno aria as such th.. 0 pture or the pull•in 

rrano o1 synohronition o. n only be found out by drav-

inj; the phr.ee potrui1 and finding out the singularities 

7 



in it. It has been shown by Gruen that the pull in range 

of synchronization is approximately equal to  

when ~T/K-> 0. 

In the above expression 	= damping constant of 
the system. 

K = Open loop gain of the 
system 

Q9~= desonance frequency of 
the system in absence 
of damping  

2 

McAleer also shots that the lock range is equal to capture 

range when there is no interconnecting network between the 

phase detector and the V.C.O. circuit. 

2.4 Pull-out Ramie of Synchronization: 

Suppose the system is initially looked at an angle 

= aroSin ü/K (where 	is the phase difference between 

the reference signal and the free running frequency of the 

oscillator K the overall gain of the APC loop) and an 

additional perturbation of say--1comes up in the system 
(2) 

then the pull-out range of the system is defined as the 

maximum value of •fl-which will not throw the system out of 

synchronization. then the phase potrait is drawn from tID 

general nonlinear equation of the APC loop and the two 

equlibria points and 'n" -f ~ are ascertained, where k. 

is the stable equilibrium point while -fi 	is an unstable 

equlibrium point as sho::n in appendix no. 2. Then if the 
(2) 

perturbation is siich that rr.  - § is not tr,.versed there can 

be no pull-out, and the system remains in synchronism. 

8 
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The pull-out range is a complex function of the frequency 

of the disturbing signal its amplitude, the amount by which 

the desired sibnai is mistuned and to the system paramet-

ers. The phase potrait indicates critically the nature 

of the system performance to undesired interferanoe signal. 

Ingeneral„ its mLgnitude decreases as the system bandwid-

th decreases. 

2.5  Noise Bandwidth of the APC system: 

The objective of the present thesis is to minimise 

the noise bandwidth of the system. The unwanted noise 
impwt 

can enter the system either at the main or at any other 
h 

,rid point in the whole loop. The noise configuration of 

the APC system is shown in fig. 2. 
(1) 

The APC system acts as a low pass filter to noise 

Ni  at the system input terminals and therfore, the low 

frequency components of the input noise will be attenuated 

by the circuit. But the lo.i pass nature of the APC loop 

makes the high frequenc.i components of N2  to appear ampli-

fied at the output while the low frequency components 

will get cancilled at the 1.0.0. input due to negative 

feedback, Therefore, if the high fre.:ueney components of 

Np  ( i.e. due to oscillator instability ) are objectionable 

in the circuit the gain K2  of the reactance tube oscillator 

ormbinat'on should be made as low as practicable. The cut 

off frequency of the interconnecting network is also ascer-

tained by kno•.ring the exect purpose of the system i.e. whe-

ther oscillutor instability has to be reduced or the inptt 

10 
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noise has to be suppressed. 

The effect of noise can be measured by knowing the 
(1,4,6) 

integrated noise bandwidth of the system. This noise 

bandwidth is defined mathematically as: 
+ c 

B = 1/2IT j J  IIi( j 	)( 2  

where H(J W") is the closed loop transfer function of the 
(2) 

system. The limits in the above expression is from - Ito 

+ °Gas most of the noise at the output is attributed due 
(1,2,4) 

to N1. The noise bandwidth has been found out to be'RK 

when the interconnecting network is not employed. The no-

ise bandwidth remains unaltered even when the simple low 

pass filter is used as an interconnecting network. There-

fore, in both of these cases the noise bandwidth rises 

linearly with the overall gain constant of the system. In 

case a double time constant intercnnriecting network is 

used' and the gain of the system is so adjusted such that 

` 9̀VK - -0 the integrated noise bandwidth has been found (1,4) 
to be independent of the gain constant of the system and 

that it has a value 2T . Thus in this case by properly 

adjusting the time constants of the interconnecting network 

the noise bandwidt' can be suitably adjusted. On the other 
(4) 

hand if /K-.j. the noise bandwidth remains as ' 1K radians/sec . 
(2 ) 

The nonlinear analysis of the APC system indicates that 

the input noise Nidoes not effect the phase potrait much 

but when the initial frequency error is large and if the 

is contaminated with noise the system requires a differert 

number of cycles for looking. 
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2.6 Comments on the Characteristics of the APC system: 
A. 

From the above table it is seen that with 

a simple low pass filter in the circuit the lock range, 

capture range noise bandwidth all depend upon the gain 

constant of the system. Thus if the gain of the loop 

is made high for making the lock and capture range high 

noise bandwidth also rises proportionately. Thus in pra-

ctice a compro-~ise has to bo made between the lock and 

capture or the pull-in range on one hand and the noise 

bandwidth on the other. 

Table I also shows that the noise bandwidth 

remains same when there is no interconnecting network 

as well as when the simple lo pass filter is employed, 
(1,4,6) 

The noise bandwidth of the system is defined as: 
oc 

II= 1/2'ir j IH(i u) I 2 d.0 

From the above expression the noise bandv4dth is the area 

under the square of the frequency response curve of the 

APC system, With the use of the low pass filter as the 

system bandwidth is reduced the damping factor decrea-
(1) 

sea so that the overshoot in the transient response of the 

system increases, Correspondingly the height of the freq-

uency response curve increases such that the noise bandwi-

dth remains unaltered. 

However, the noise bandwidth can be reduced 

by the use of double time constant network with a transfer 

lei 



	

T A B L E 	I. 

Characteristics of the APC system: 

Item F (p) 	1 	1/1 +p-r 	1 +p1/1 +p'r2 Remarks. 

Lock Range 	nK 	TK 	 K 	4hen the range 
of operation 
of the phase 
detector 1e7C 

2K 	2K 	2K 	Phase detector 
is nonlinear. 

Capture range  

Noise Bandwidth 7K 	7(K 

n 	rt 	 2 ,, 	when WOK -~ 0 
/~ 	« 	 7C K 	whena- 



function of the form l + p11/1 + pT2 at the same time the capture 

range also is appreciably reduced. For instance, for 

K's 100,000 radians/sea. and= 1,000 radians/sec. the noise 

bandwidth of the system is equal to 1,000 cycles/sec. while 

the capture range is 2,000 cycles/sec. 

3.0 Transient and the Frequency Response of the APO systems: 

The transient response of the system could not be 

experimentally varified due to the shortage of the instruments. 

However, the thooritical analysis for transient and the 

frequency response of t'-e system have been given in the app-

endix no. 3. 

4.0 Modified APC system: 

As discussed earlier the desirable oharc.cteristics 

of the APC system are (a) higher look and capture range 

(b) lower pull-out range and (c) lower noise bandwidth. It 
(1,2,4) 

was seen that the noise bandwidth of the system can be 

made independent of the gain constant of the system if a 

double time oonsta.~nt network is employed and if `''//K'4'0. The 

reduction in Q viith the double time co.stant network reduces the 
(1) 

capture range also by about the same order of magnitude. 

The capture range ho:•rever, should be made such that the system 

looks for the range of frequencies of interest. Thus the noise 

bandwidth cannot be made small independently of the vz:lue of 

the capture range. Fortunately, a high value of capture 

range is n eded only initially until the system is locked. 

anc once the locking has been achieved the bandwidth can be 

14 
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FIG.3... MODIFIED APC SYSTEM 

I 



made very small just large enough to follows any circuit drift. 

Thus the bandwidth can be lowered once the system is locked. 

This has been achieved by a two positon servomechanism shown 

in fig. no. 3. Initially, the switch is kept to the .vide band 

position ino.-der to obtain a high capture range and after the 

system is looked the control circuit automatically switches 

the loop to the narrow band position. The relay operates 

from the controlling signal obtained as sho.vn in the fig. no.3 

by a quadrature phase dotector which develops a voltage 

proportional to Cost. The relay operates only after the loop 

has looked in. The indication for this is the development 

of a d.c. error voltage at the output of the phase detector 

(when the circuit is not synchronised the error signal will 

be an a.c.)Unfortunately, the main phase detector output 

which is proportional to Sin is zero or near to zero at synch-

ronism (fig.4,5) and hence will not be adequate or suitable 

for/the operation of the rel~iy. Hence: an auxiliary quadrature 

phase loop is employed. Its output is proportional to Cos 

and LS soon from fig. nos. 4 and 5 t is has a large value 

near th_ range of interest. and can be used to operate the 

relay. Then the circuit is not looked there is no d.c. input 

to the relay, the switch is in the wideband position and the 

loop has a desirable large capture range. Once, the circuit 

is locked the resultant d.c. output of the quadrature phase 

detector operates the relay; th switch transfers to narrow 

bend position to yield a correspondin(;ly low noise bandridth. 

This does not affect the lock range at all and hence the 

circuit will remain in synchronism so long as the oscillator 
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does not drift beyond this value. 

5.0 DrZ -Bunj affect on the a.FC system: 

jis stated ourlier the switch S is closed when once 

the 3ysten is loc1:od. The nottiork ccLi risinC R. and C3 loners 
the cut-off frequency of the over..11 loop. The thooritioal 
unalysis is µs sio~in In appendix no. 4. 

£ho t~-tansformed output equation is: 
( H1 + Ian + 1/C2s) ( '13 + V2 (s) 	is/s ---__.._ _ 	 _._.—..__~__.._.  
( R~ +1/C3s) (zti+R2+1/C2s) + 11(R2+1,/C2s) 

The solution or the above equation in the time r.omain is: 

- •85.ul~3t 	-7.E35u103t V2(t) 	 11 	+ 0.04AO 	 -  
0.042e 

for H = 15x10o 	R p V7x10 	R = 15x103 

..6 
 

-6 
C =0.OixiO Pd. 	C~ =O.32x1O Pd. 

Tho tublu no. 2 shows tht. voltado vuri a..i n with time,  As tho 

v..riution is not much durinc sc7itchinC period the circuit sill 

not be unlocked by the Bang &ng opor tion. 

3.0 Ftee ~onsc: of the 	s st. m with various typcs oi' input siL4nal : 

6.1 i'o ponoo duo to AL input: 

The output of the ph-so detector depends upon the 

produce of th : mu:, nitudo of th input nd tho output of the 

pho loo'zod s J.;tom. Thus I un amplitude modul+.to, siCnul is 

applied uv the input of the 4C sy -ton the output of the 

phuso actoctor 1l bury from 1n:itc.►nt to tnston4 according to tho 
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TABLE  

Man , Bane affect on the APC system: 

The output voltage equition is: 

(t) 	1 + 0.044e-3.85x103t - 	-7.85x10 
v9(t) t 	A r 	0.042e 

The equation can be put more conveniently in the form: 

Vq (t) 	= A [1 + B 	+ C] 	 3 
-U.05*10 t 

v here B = 0.044e 
3 

-7.85x10 t 
C = 0.042e 

The value of V... (t) at different times will be as follows: 

t in Ac see 	B 	 C 	 V2(t) 

0 0.044 0,042 1.002 

1 0.0438 0.0417 1.0021 

2 0.0433 0.0413 1.0020 

10 0.0410 0.0388 1.0022 

100 0.0221 0.01S1 1.0030 

1000 0.,0004'4 0.000162 1.0'0602  

0 0 1.000000 
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20 
amplitude of the modulated signal, This varying volta,,e 

when applied to the reactance tube oscillator combination 

will frequency modulate tl a output signal. 

6.2 Response due to Fret input: 

In response to a stop frequency input Et the steady 

state error is equal to essdefined as: 

C 
ss 	Lit.p G(p) 

p-*o 

L}t. p~K1K2(1 +'mjp) (1 +'r2p) 

KIK2 

Thus the steady state value of the error will be the magnitude 

of the ramp function divided by the gain constant of the sys-

tem. This err-r in frequency can be minimised by increasing 

the gain constant of the loop. Thus the output FM signal 

will follow the in ,,ut ':ith some steady state error. More-

over, the error in phase will be a function of time, 

7.0 Experim#;ntal Results: 

7.1 Electronic Circuit Description: 

The electronic circuit for the APC system is shown 

schematically in fig. no. 4. The phase detector is of the 

shunt type employing 6C4 as phase splitter and 6AL6 as the 

diodes for the bridge circuit. The phase splitter as well 

as the diodes can effectively be used at high frequencies. 

Moreover, as the amplitude of the applied voltage in the 



~.2t 

quadrature phase splitter w:.s not high 0A79 was employed. 

in the bridge circuit of the quadrature phase detector. 

The amplitude of the switching voltage should be at least 

3-4 times the signal amplitude of the reference source so as 

t minimize the leakage of the reference frequency at the 

output. 

The two time constants of the integral plus proportional 
-6 	-6 

type of interconnectin. network are 94x10 and 124x10 . This 

makes the cut-off frequency On nf the loop equal to 20 Kc/s. 

The hgih g tube 6AC7 was employed as the modulator. This 
m 

high value of 	makes the control more affective for a given 

v,.riation of the grid voltage. The oseillator portion of the 

V.C.0 circuit employs ECC85 tube. To avoid loading of the 

output circuit due to feed back one section of ECC85 is used 

as a buffer cathode follower stage. The capactance affect 

due to measuring instruments are avoided due to this isolation 

of the output circuit. 

The contro'ling signal is obtained by a switching tra-

nsistor. Its base volbage is so adjusted that ordinarly the 

transistor does not conduct. The base voltage required to 

drive it to conduction is approximately -150mv. The bandwid-

th alteration wa. done mechanically by a Siemens relay connected 

to the transistor load circuit. As the operating coil resis-

tar,oe of this relay is only 70 ohms it does not appreciably 

affect the operating condition of the switching transistor 
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The switching circuit would have caused some small but finite 

change in the d.c. conditions of the circuit. This would 

upset thy; phse lock mechanism ant, m~.ke the system unstable. 

The mechanical.switching time is appreciably short -2 cosec. 

and the stability of the c=rcuit is excellient. 

7,2 Alignment of the Circuit: 

The bridge circuit f the phase.detector was adju-

sted so as to give as small a d.c. output as possible when 

the circuit was unlocked. The output could not be made exa-

ctly zero due to difference in the characteristics cif the 

two diodes and due to bridge circuit unbalance. It wa.i tried 

to make the oscillator look range symmetrical ro nd 

its free running frequency by adjusting the bias of the rea- 

t•nce tube but the circuit could not be made symmet_•ical 

probably due to the lack of the proper adjustment of the 

plate circuit of the reactance tube, The phase shifter was 

adjusted to produce a phase shift as near to 90°as possible. 

But the output of the phase detector drastically reduced as 

the phase approached 90°. Thus a compromise was made for 

the outpit voltage on one hand and the phase shift on the other. 

7.3 Various Measurements; 

Three important characteristics of the APC system 

namely the lock range, capture range' or the pull-in range, 

noise bandwidth along with the output of the phase detectors 

were measured. The experimental curve for the phase detectors 

output are as shown in fig. nos. 5 & 6. These were found 

out by knowing the d.c. output at various frequencies. 
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The lock and the capture range were found out by knowing 

the end frequencies between which the output is synchroni-

sed when F(p) =1 and when F(p) = 1+T1p/1 +p. The lock 

and the capture range remained same when the frequencies 

was raised from a lower initial value as well as rhen the 

frequency :gas lowered from a higher value. 

The noise bandwidth was measured as shown schematically 

in fig. 7. Due to nonavability of noise generator a sinus-

oidal oscillator was employed for noise bandwidth measure-

ments. Firstly the system was looked to the input signal 

frequency until theoutpt of the interferance oscillator 

tizas kept at zero. 3averieter at this instance measured 

the locked frequency of the system. Then the interferance 

voltage w;.,s increased and the frequency of the interferance 

oscillator was slowly brought closer to the/Locked frequency 

until the wavemeter shows changes in its value. The varia- 

tion in the reading of the wavemeter increes as the freq- 

uency of the oscillator is brought closer to the locked 

frequency until at some other frequency where the needle 

of the wavemeter comes to the original position. The diffe-

rence between this reading and the original where the inter-

fer~.nce was noted firstly is the measure of the pull out range 

of the system and it is close measure of the noise bandwidth. 

8.0 Comments on the Experimental Results: 

8.1 Controllinzj signs l Cost: 

For lowerir g th noise bandwidth of the AN system 

a controlling si,nal proportional to Cos is produced. 
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This Cos curve is not exaetly out of nhase with the Sint 

curve. This is mainly because as the Cos circuit was Broug- 

ht in quadrature the output decreased so much that the 

controlling action was not possible. Thus a compromise was 

made between thgphase shift on one hand and thmwax.Lmum 

range of relay operation on the other. This makes the circu- 

it assymebrical so that the relay range of operation is 

different as shown in fig. nos.5 & 6. This is 33 Kc/s. when the 

frequency is increased from a low initial value and 22 Kc/s. when 

the frequency is decreased from a high initial value. This 

unequality is also partially due to unequal pull in and pull 

out torque of the relay. 

8.2 Lock Range: 

From the graph nos. 8 it is seen that the lock range 

(IrK1K2) increases nearly linearly with the reference input 

voltage. This is due to the increase in K1  the phase detector 

sonsi.ivity with increase in input voltage. K2  the reactance 

tube sensitivity Is uneffected by the magnitude of the/input 

voltage. 

8.3 Capture Range: 

Capture range as seen before is 	K, where 'On =K/-- 2 
and 	= damping ratio = 1/2-L + K T2/Tz2,k -,, 

Thus the capture range is = AK3/4  =(AK
1  K2  )

3/4  

The measures: value of the capture range as seen from graph 

no. 9 increases as the reference input according to this 

3/4 power lww. 
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8,4 Capture  when the Rela;t is closed: 	 .. . 3 

The capture rane is uneffected by the closinC 

or the relay contact. However, the relay contact is only 

closed on some point of the capture range s The zone of 

action of the relay is different w ,en the frequency is rais-

ed from a lower initial value than when the frequency Is 

decreased from a high initial value. This is shown in fig. 

no,10. The unequality in the relay zone of action is due 

to the unequal pull-in and the pull-but torque, 

8,5  Noise Bandwidth; 

Noise bandwidth as from graph nos. 12,13,14 rises 

as the amplitude of the interference signal Is increased, 

In case when F(p) = 1 the increase of noiso bandwidth with 

the h gher magnitude of interferance signal is due to its 
dependence on K1  which as shown in appendix 1 increases 

as the magnitude of the noise input signal is increased. 

In case when a double time constant network is employed the 
affect is indirect. From th- Bode plot no. 15 it is seen as 

K increased the 2/S line shifts Its position, As 7, and z are 
constant for the network the value of 	the frequency where 

the plot intersects the 0 db. axis varies with K,1K2. The 
resultant affect is to increase noise bandwidth when the 

input noise voltsge is increased. The measured value of 

noise bandwidth agrees closely with those obtained from 

the Bode plot for all the three cases (a) when F(p) =i,(b) 

F(P) = 1 + p'r'1/1 +T2p without rela,i (c) F(p) = I + p/1 +'1p 

with relay. ('or details of calculation see appendix no. 5) 
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APPENDIX 	1. 

Differential equation of the APC ystems 

Fig. 16 gives the configuration of the APC system 

In the loop the out, ut.of the phase detector KISin after 

passing through the interconnecting network is applied to 

the reactance tube oscillator combination which changes the 

free running frequency of the oscillator by the ammount 
(7) 

K1K2F(p)Sin~. The free running output of the V.C.O in 

this case is assumed to be in quadrature with the reference 

signal# Equating the output of the phase detector with the 

sine of the difference phase we get: 

K1Sin§ =2A1A2Sin 3- t -K1K2F(p)/p Sin] 

K1 = A1A2/2 

and s 	= 	- (st -K1K2F(p)/p Sin 

or p  = pt1- pw0t -K1K2F(p) Sint 

or 	_ •1 - ~-o -K1K2F (p) Sin(4 

or 	+ KF(p)Sinf _ 1 -°= XL 

at steady state ' = 0. Therefore, the solution of the above 

equation under steady state conditions is: 

KF(p)Sin = -~- 



$ 
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APPENDIX  2. 

Pull-out range of the A?C system; 

The phase potrait :.hen drawn from the differential equation 

of the APC system will appear as shwon in fig, no. 1b. 

In the phLse trajectory is the stable point while  -L (2) 

is the unstable equilibrium point. Now if the perturbation 

be such that T- ~ point is reached the value of I will 

increase and the system will unlock. 

APPENDIX 3. 

Transient and the frequency response of the APC system can 

be ascertained from th' fundamental differential equation 

of whe loop which is: 

	

+ KF(P)S1n 	= 	phi - ` o 

(4) 
The above equation can further be simplified if the origin 

of the phase angle measurements is shifted to c.sothe free 

running oscillator frequency. Then the above equation 

reduces to: 

	

P + KF(P)Sin 	= p i 

expressing the above equation in terms of 1 and  2 and 

linearizing  ( i.e, Sing  = ) we get: 

P~2 + KF(P)~9 = KF(P)k1 



,. _4o 
Case  

When no interconnecting network is used inbetween the phase 

discriminator and the V.C.O circuit i.e. when F(p) = 1 we 

have: 

P§2 + K42 
 

Kt1 

or 	2/~i1(j c) 	= 1/ 1 + 

Therefore, the APC loop once synchronised behaves like a low 

pass filter filter as shown in fig, no. 17. 

The transient response for a step input i.e. 01(t) =U(t) is 

'2 (p) 	= K/p(p 4 +K) 

or 	Ji2(t) 	= U(t) -e-Kt 
(4) 

when the initial detuning 
t2(t) is zero. 

Therefore, if the cut off frequency of the system is reduced 

the phase shift at the frequency at which the 000p gain is 

unity gets closer to 1800 and the system transient response 

to a step input develops overshoot. 

Cw. a II 

When the Interconnecting network is proportional plus inte-

gral type: 

F(p) = 1 + p1/1. +T2p 

As the fundamental differential equation of the APC sytem Is: 

+ KF(p)Sini' = -~- 

substituting the value of F(p) in the above equation we get: 

4 
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i+ -r1 p 	 1+ 1'1 p  
P ~ + K 	 k 	= K 

1+1 P 	p 	i+ T2P 

o~' 	p~( C• + ~2Is (i~2 + IC 	) + K, 2 	_ K/ j i 	+ 
2 	 2 

to convert tho vbovo oquet'on in tho oonvontional 2nd order 

form lot us aauumO: 

2 's,, = l/'72 ` K'r//~ 
2 

and 	UY~ 	~t/T2 , the natural frequency of the system 

vnccn damping is equal to or'. 

Ph © above ogt.ation roc uoo._. to 
2 

p2 	+ 2 m P~2 + 	= 4',+ ( 2 `fin -`7K )p4 

ahoroforo, the froquonoy response becomes equal to 

+ 22~  

1 2&~ n - (Ln ) 2 

`~o the tin , oonottrit of tho notuork o...n not b noC;ut i vo or 

at boat it c&.n only be oquul t:°., Toro In vhioh cus® the 

proportionalplus intoaral control not.;or1f 13 ruduoud to 

simple lo•.1 p.o-- filter, Thus .thong TT = 0 

2 2Fy n w 'K _ T1 	c 	=`? 
Phis is also the munsmum value of YK as far all positive 

vuluoc or 1j ,K Q11l be lose than 2 	Tho minimum value 
of 'i 	0. This hLppons ihon for fixed value of ln ,R is 

i3-do to u;as}_ o~..oh infinity. Thus for they `.a limiting value 

of 1I ...nd ~ = 0.5 the fro:suoncy roaponoo oury for the 

intorconnoctinu not.Jorzt Ic as sho.:n in fits. no, 1$. 
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The rE nsient response for a step input will be: 

 

= 
	- @ 	

[
Ccs J7 

Transient response for 	= 0.5 and for two limiting values 

of /K is as shown in fig. no. 19. 

APPENDIX 4, 

Bang Bang Effect on the APC system: 

• A uEe~ 	 2 	z z 	
C
3 

The equation of the above network in the matrix form is: 

R1 + R + 1/C,s 	-R2 - 1/C2s 	11(s) 	0 

- R2 - 1/C2a 	R2 + R3 + 1/C2s + 1/C5s I2(s) 	U(t)/s 

solving the above we have: 

V2(s) 	= U(t)9s (R5 + 1/C5s) L22 

~lhe,re 	Q 
= (R3 + 1/C3s)(R1+R2+1/C2s) + (R2 + 1/C2s)R1 

X22 = R1 + R2 + 1/C2s 

1 + R2 + 1/C2s)(R3 + 1/C5s) 
V2(s) 	= A/s •--------------------------------------- 

(R3 + 1/C2s)(R1+R2+1/C2s) + R1(R2+1/C2s 



A PPENP IX 5. 

Calcul-tions for pots bandwidth: 

The measured value of lock range at 5.2 volts = 171.5 Kc/v. 
The measured v€.lue of lock range at 3.0 volts = 113.2 Kc/s. 

Thus the value of lock range at 4.0 volts 	= 139.7 Ko/s, 

Therefore, K1K2  = 2 1Tx139.7x103radians/sec. 

K1K2  = 279,4000 radians/sec. 

The two time constants of the network are: 

47x103x0.002a10 6  = 94x10-6  

62x10°x0.002x10_` =124X10+6  

Thus the lower and the higher cut-off frequencies are: 

10,620 radians/sec. and 8060 radiens/sec. 

The cut-off frequency obtained from the graph is 115,000 radians/sec. 

Therefore, the theoriticL.1 value of the noise bandwidth is 

156 OOOx211 

154, Kc/s. 

The measured value of noise bL.ndw.dth when the reference 

signal is 4.0 volts is 129,00 Kc/s. 

Calculations when the extra network has bean incorporated 

in the circuit: 

The transfer functi in of the network is: 

+ 1) ( 1es + 1) 
F(P) 	

__ - 

s[RC1C2(R1  + R2) ,+ "Y7,J+s[R(C1  +C2) + ?; + T2,+ 1 
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Therefore, the corner frequencies are: 

100 600 	6,667 	3,1000 	9,900 

The cut-off frequency from the Hods plot is 60,000 rudic:ns/sec, 

Therefore, tho noisll band4width 3s equ .l to 60.00 Kc/s. 

The measured value of noise bandwidth is 59.6 Kc/s. 
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