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Abstract
3
This thesis discusses the relation of the frequency stability
of "Delay-line controlled oscillators (DCO) " and the length of such
delay line., The thesis is mainly concerned with the theory of
frequency stability and the theories and applications of delay line
and DCO. The analytical method of frequency stab%lity of DCO is
discussed and computed by computer and their associlated Problems are

shown by experiment.
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wulusunsy (Main program)

19
29
39
4¢
5P
69
72
80
op
129
ilﬂ
12p
13p
149
15
168
179
18¢

199

!

OPTION BASE 1

FIXED 1§

CoM Ve (1208) ,Yrf2) ,Ar(2) ,Xr(2),Dr (2)Vr,Num,G
DIM V(51)

PRINTER IS @

% % % k k¥ k k k k k *k *k k * k¥ k % % * *

Num = NUMBER OF DATA.

Kfin = NUMBER OF TRANSMISSION PAIR.
Kfic = NUMBER OF COLLECTION PAIR,
Nsec = SECTIONS OF DELAY LINE,

Am = CONSTANT FOR AMPLIFIER.

G = ORDER OF AMPLITUDE OF NOISE,

% k k k% *k k kX X * k k *k kX * *k k * k % k *

Num = 12@@
Kfin = 1

Kfic = 2

Nsec = 51

Am = @,51

G = 2.209pp1

2¢@ !SET CONSTANTS FOR SUB-PROGRAM "Rand"

21 vr(l) = 1973741824



\_>’

22p Ar(l) = 32763

23@ Xr(l) = 89745369
24¢ Dr(l) = 0.498735643
250 Yr(2) = 21894376¢5
268 Ar(2) = 3@657

278 Xr(2) = 74586@31
28¢ Dr(2) = $.513287463

299

e

399 Kficg = Kfic * 1§
31¢0 Kfing = Kfin * 10

32¢ Nsee = Nsec + 10

338 Nscc = Nsec + 1

344 Nss = Nsec = Kfing + 9
35¢ 1SET INITIAL CONSTANTS
36¢ FORI = 1 TO Nsec

378 v(I) =P

380 NEXT I

399 N= @

498 Nz = 1

419 CALCULATION SECTION
42 FOR Jm = 1 TO Num
43¢ N=N+ 1

44p vc(m) = @

459 1CALCULATE OUTPUT

46@ FOR L = 1 TO Kficg STEP 1f



478 vVvc(dm) = Ve(Im) + V(Nsee' - L)
48§ NEXT L

499 Nz = ~Nz

500 | AMPLIFIER SECTION

51¢ CALL Rand

528 Vin = Ve(Im) + (Vr*Nz)

53¢ Vo = Am* (EXP(Vin)~EXP(-Vin))/(EXP(Vin) + EXP(-Vin))
540! CALCULATE SIGNAE IN DELAY LINE

550 FOR L = 1 TO Nss

568 Je = Nscc - L

578 v(Je) = V(Je+l)

588 NEXT L

594 V(1) = vo

689 NEXT Jm

614 LO = N/Nsec

62¢ PRINT "END LOOP = "; Lo

63g PRINT N

640 PRINT "% % % % % % % % % % % % % % % % % % % % %m0

650 PRINT "#* % % % % & % & % % % % % % % % % % % % %0

66@ PRINT LIN(5)

it

679 PRINT "TRANSMISSION FINGER "; Kfin
68 PRINT "COLLECTION FINGER ="; Kfic
69¢ PRINT "DELAY LINE SECTION ="; Nsec
782 PRI&T "AMPLIFIER GAIN ="; Am

71 PRINT "NOISE AMPLITUDE =h. G

72¢ PRINT LIN(2)



73p
74g
758
'76¢
778 1
780 |
799
8¢p
81p

82¢

el

FOR I =1 TO Num STEP 5 * :
PRINT Ve (I);Ve(I + 1);Ve(l + 2);Vc(I + 3)’;Vc(I + 4) <
NEXT I
PAUSE
IF THE SIGNAL IS STABLE ~ CONTINUE-
IF NOT ~ GOTO 420
CALL Nplot
PAUSE
CALL Nfit \

END



Tusunsuday (Sub-program)

Tusunsufloasavdugnasunau seiuas

83p
84p
850
869
87
88g
898
o989
91p
92
93g
94p
95
96

979

SUB Rand

OPTION BASE 1

CoM Yr(2) ,ar(2) ,Xr(2) ,Dr(2),Vr,G
DIM E(2) ,F(2)

FOR I =1TO 2 .

T = Ar(I) * Xr(I)

Z = T/Yr(1)
TZ = Z
Q0 = IZ

F(I) =2 ~Q

E(I)

il

F(I) - Dr(I)

Xr(I) = F(I) *1@9p@pepop
NEXT I

Vr = (ABS(E(1) - E(2)))*G

SUBEND

e



#

Tﬂsunﬁuﬁ15ﬂunﬁ1tﬂuujﬂﬂavﬁmmﬂmﬁ1ﬁ§ha1nLuuTUsunﬁn

98¢ SUB Nplot

99¢ OPTION BASE 1 '
1ggg coM vc(128@) ,Num

121@ DIMIb $(61) ,Ia(l@p).

128 FOR I = 1 TO 1pg

193¢ A = Ve (1) * 1p¢

1248 70 = A ?

1589 IF A - J < = .5 THEN 2@g@

1g6g Ia(I)=J + 32

1978 GOTO 1p9@

1280 Ia(I)=J + 31

1099 NEXT I

11¢¢ PRINT "-0.3";TAB(11);"~0.2";TAB(21),"-0,1";TAB(32),"0.0";
TAB(42) ,"0.1";TAB(52) ,"0.2";TAB(62),"0.3"

111¢ PRINT TAB(3) ,"~m—eeeeee AN 2R e +

<4 o3
T T

112¢ FOR L = 1 TO 18¢

113 FOR T = 1 TO 61 ',.
114¢ Ib§(1) = " =

115¢ Ib$(31) = " + "

1160 Ib$(Ia(L)) = " . "

117¢ NEXT I

118¢ IMAGE #, 2X,A

1199 IMAQE #, A

1200 IMAGE A

!



121¢@ PRINT USING 118%; Ib$(l)

(¢

122@ PRINT USING 1198; Ibs$(2), Ib$(3), Ib$(4), Ib$(5), Ib$(6), Ib$(7),

Ib$(8), IbS(9), Ib$(10), Ib$(1l)

123¢ PRINT USING 119@; Ib$(12), Ib$(13),
Ib$(18), Ib$(19), Ib$(20), Ib$(21)

124¢ PRINT USING 119¢; Ib$(22), Ib$(23),
Ib$(28), Ib$(29), Ib$(30), Ib$(31)

125¢ PRINT USING 119¢; Ib$(32), Ib$(33),
Ib$(38), Ib$(39), IbS$(40), Ib$(41l)

126¢ PRINT USING 1190; Ib$(42), Ib$(43),
Ib$(48) , Ib$(49), Ib$(50), Ibs$(51)

127¢ PRINT USING 12@@; Ib$(52), Ib$(53),
Ib$(58), Ib$(59), Ib$(60), Ib$(61)

128¢ NEXT L

129¢ SUBEND

Ib$(14),

Ib$(24),

Ibs(34),

IbS (44),

Ib§(54),

Ibs(15),

Ib$(25),

Ib$(35),

Ib$(45),

Ib$(55),

Ib$(16),

Ib$(26),

Ib$(36),

Ib$ (46),

Ibs$(56),

Ib$(17),

IbS$(27),

Ib$(37),

v

Ib$(47),

Ibs(57),



‘s

L
Tusunsumiarme1anfunazan i (uuuansgau

1399
131g
132¢
133g
134¢
135¢
136g
137
138¢
139g
1499
1410
1428
143p
144p
145g
1468
1479
148¢
149¢
1589
151p
1520

1530

SUB Nfit .
OPTION BASE 1

COM Vc (120@), Num

DIM R(1¢g@), M(282), X(2@), Xint(201), Leng(209)

ol

FORI =2 TO Num - 1

R(J) = Ve (I)

GOTO 1440

IF Ve (I) - Ve(I + 1) > @ THEN 144g
J=J+1

R(J) = Ve (I)

NEXT I

FOR K = 1 TO 2@¢

M(K) = 1

NEXT K

IF R(L) - R(I) > @ THEN 1549
M(K) = M(K) + 1

TOTO 1558

4]



154g
1558
156
157
1588
1599
160@
l61g
162p
163g
1649
165¢
1668
167
1680
1698
1708
1710
172g
173g
1740
175
176@
1779
178

179¢

K=K+ 1

NEXT I

FOR I = 1 TO 28
X(I)=1I

NEXT I

N = M(1)

FOR L = 2 TO K .
E=90

F=g

G=p

H= g

0=9

Pp=yg

Q=g

u=g

S=2

T=0

FOR I = 1 TO M(L)
N=N+1

E = E + X(I)
F=F+ X(I)" 2
G=G+ X(I)" 3
H=H4+ X(I)™ 4
O0=0+ X(1)" 5
P=P+ X(I)" 6
Q.7 Q.+

R(N)



r

181 S = S + X(I)* 2 * R(N)
1828 T = T + X(I)* 3 * R(N) ’
183 NEXT I

184 Eh=E * H~-F * G

1850 Eea = E * E=-F * M

1860 Eg = E * G - F * F '
187ﬂEf=E*F-G*34

1880 Et =.E * T - G * U

9899 EQ = E * Q - M * U

199 Eo=E * 0 -G * G

191 Es =E * S -~ F * U

1920 Eu=E * G ~-M* U

1930 Ep =E *P -G * H

194 Em = E * G ~ H * M

1950 Ex = E * 0 - F * H

196¢ D = ((Eh * Ee -~ Eg * Ef) * (Et * Ee - Eh * Eq) -~ (EO * Ee - Eh * Ef)
*(Es * Ee - Eg * Eu))/((Eh * Ee - Eg * Ef) * (Ep *Ee ~ Eh * Em) - (EO * Ee
~Eh * Ef) * (Ex * Ee - Eg * Em))

1978 C = (es*Ee—Eg*Eu)-Ex*Ee—Eg;*E:rn) * D)/(Eh * Ee - Eg * Ef)

1988 B (Eq -~ Ef * C - Em * D)/Ee

]

]

1999 A= (U-B*F ~C*G ~D * H)/E
20@@ Xint (L) = 2

201% Rn

i

2

2p2p Ye = A+ B * Xint (L) + C * Xint (L) 2 + D * Xint (L)" 3
2@¢3@ IF Ye < O THEN 2149
2048 FOR I = 1 TO 18

2¢5¢ Xint (L) = Xint (L) - Rn



2063 Rn = 10 ~ (-I)

2878 Xint (L) = Xint (L) + Rn

2088 Ye = A + B * Xint (L) + C * Xint (L) ~ 2 + D * Xint (L) " 3
2@9¢ PRINT Xint (L), Ye

21¢¢ IF Ye < O THEN 2120

211¢ GOTO 2078

212@ NEXT I

213@ GOTO 223p

2148 FOR I = 1 TO 19

215¢ Xint (L) = Xint (L) - Rn
2160 Rn = io 7 (W

217@ Xint (L) = Xint (L) + Rn
2180 Ye = A + B * Xint (L) + C * Xint (L) ~ 2 + D * Xint (L) * 3
2198 PRINT Xint (L), Ye

22¢@ IF Ye > O THEN 222¢

221¢ GOTO 2178

Py

222@ NEXT I
223@ NEXT L
224 FORI = 2 TOK - 1
225@ Leng (I) = Xint (I + 1) - Xint (I) + 10

.

2268 NEXT I

2278 sum = @
2280 FOR I = 2. TO K - 2

229¢ Sum

It

Sum + Leng (I)
23@§@ NEXT I y

23X0"Mean ‘=rSum/K./=.3



da

2328 sq =@

233 FORI = 2 TO K - 2 y
234p sq = Sq + (Leng(I) - Mean) 2

235@ NEXT I

2368 sdt = SQR (Sg/K - 4)

2370 Nn = k - 3

238¢ PRINT LIN (5) «

~

239g_PRINT"********************WAVE_LENGTH****

I

* % *k % % *k * %k k k k * %k -k k %0

24p@ PRINT "NUMBER OF DATA = "; Nn

2419 ;RINT "STANDARD DEVIATION = "; sdt -
242@ PRINT LIN (2)

243 FOR I = 2 TO K ~ 1 STEP 4

2449 PRINT Leng (I), Leng (I + 1), Leng (1 + 2), Leng (I + 3)

245@ NEXT I

246@ SUBEND
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