
FSK SPECTRA GENERATION

FINAL REPORT

CONTRACT NUMBER
N00014-72-C-0171

D C

NATIONAL TECHNICAL
INFORMATION SERVICE

SW rWV. 221& =

THE UNIVERSITY of TENNESSEE
SPACE INSTITUTE

Tullahoma, Tennessee

(77



"FSK SPECTRA GENERATION

FINAL REPORT

CONTRACT NUMBER
N00014-72-C-0171

by

; [ T.H.GEE

ASSOCIATE PROFESSOR of ELECTRICAL ENGINEERING
THE UNIVERSITY of TENNESSEE SPACE INSTITUTE

TULLAHOMA, TENNESSEE 37388

; IF

PREPARED for THE OFFICE of NAVAL RESEARCH

[ APRIL 1972

26 15-'-,

[D
-: ,



Securit Classification

DOCUMENT CONTROL DATA- R r. D
(Security class'lication of ltfle, body of abstract and Indexing annotation must he o qtered when the overall report Is clas 'fled)

I- ORIGINATING ACTIVITY (Corporate author) 120. REPORT SECURITY CLASSIFICATION

University of Tennessee Space Institute Unclassified
Tullahoma, Tennessee 37388 3b. GR•-P

3. REPORT TITLE

i" FSK SPECTRA GENERATION

4. OESCRIPTIVE NOTES (Type ofrteport and Inclualve dates)

Final Report (January 1 - February 29. 1'72)
S. AUTHORISI (First name, middle Initial, last nme)

Thomas H. Gee
fr 6. REPORT DATE 74. TOTA,. PA0. OF PAGES 17b. NO. OF REFS

April 1972 62 A
55. CONTRACT OR GRANT NO. 9a. ORI,.'.1tATOR*S REPORT NUMrER(S)

N00014-72-C-0171
b. PROJECT NO.

C. 9b. O v .- R R EPORT NO!S) (Any other numbers theIt may be assigned
thlt. report)

;• d.

10. DISTRIBUTION STATEMENT

Distribution of this document is unlildted

It. SUPPLEMENTARY NOTES 12. -PONSORING MILITAI•Y ACTIVITY

Office of Naval Research

"1. A*STRACT

4 The results of a study of a phase locked modulation technique appli-
cable to phase coherent FSK are presented. This technique employs a

A continuous phase, frequency shifted, phase locked loop to produce
controlled, non-instantaneous, freoaency transitions between the mark
and space frequencies. Operational and spectral analyses have been
conducted, and spectral data have been calculated for the modulated
carrier signal and its corresponding effective modulating signal.
It is shown that effective modulation wave-shaping can be achieved
and that the corresponding signal bandwidths can be controlled within
certain limits by variation of the loop parameters, undamped natural
frequency and open loop gain. Representative data are presented,
corresponding to a selected class of loop parameters, as a function of
modulation index and the ratio of frequency transition time to bit
length.

FORMDD I NOV ,..473 Unclassified 3'
Security Cl" .'sification



R OLE WT RO.I WI RO. w

Phase Coherent FSK
Frequency-Shift-Keyed Carrier
Frequency-Shift Modulation
FSK Spectrum

i 1 1

I I

Unclassified
Security Classification



TABLE OF CONTENTS

Page

Introduction . . . . . . . . . . . . 1

PLL Response to a Frequency Step ..... ......... 3

Spectral Analysis .............. ............... 7

Spectral Data . ............... .. 12

Conclusions ............ .................... 15

Bibliography ........................ .... 18

Figures. . . . . . . . . . . ............ 19

Appendix I . . . . . . . .......... . . 29

Appendix II. . . . . . .................. 31



FSK SPECTRA GE-ERATIONN

Introduction

A preliminary study of modulation techniques applicable

to phase Qoherent FSK has been conducted under Contract Num-

ber N00014-72-C-0171 with the Office of Naval Research. Re-

sults of operational and spectral analyses conducted during

this study are .eporzed here along with presentation of re-

presentative spectral data. Attention is restricted to binary

FSK. This effort has dealt primarily with the determination

of the spectral content of frequency shift modulated carrier

signals generated by means of a continuous phase, frequency

shifted, phase locked loop (PLL) which results in a controlled

frequency transition (CFT) between mark and space frequencies.

Additionally, attention has been given to determination of

the frequency spectrum corresponding to the effective modu-

lating signal; that is, the demodulated carrier signal.

It is well known that a reduction in signal bandwidth

can be achieved by low pass filtering or otherwise shaping

the rectangular modulating or keying waveform which is

characteristic of FSK [1,2,3] . In non-coherent FSK the mo-

dulating signal can be passed through a low pass filter, the

*Numbers in brackets refer to similarly numbered references

in the Bibliography.

'I
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filtered signal then being employed to frequency modulate a

voltage controlled oscillator (VCO). However in systems em-

ploying coher-nt FSK, such as some VLF communications systems

[4], the aforementioned method is not applicable. A method

applicable to coherent FSK employs phase lock techniques [5]

to provide effective low pass filtering of the modulating

signal [6]. The shape of the effective modulating signal can

be controlled, within limits, by means of the phase locked

loop parameters; thus, the reason for consideration of PLL

modulation wave-sLaping and the spectra generated by such a

technique.

I Knowledge of the spectral characteristics of CFT-FSK sig-

nals is not only useful in signal design and subsequent design

o�ol transmitting and receiving systems, but also in the specifi-

I cation and design of instrumentation employed to test and eva-

luate such systems. Of particular interest here is the effect

of the frequency transition time upon the spectral distribution

of energy and the bandpass characteristics required for trans-

mission of the spectrum. PLL parameter values are selected

which yield a smooth transition with small overshoot and settling

time. A ratio of frequency transition time to bit length is de-

fined in terms of the PLL parameters pertinent to this applica-

tion. CFT-FSK analyses and results of spectral calculations

are presented here and compared for various values of modulation

index and a selected class of wave-shaping parameters.

Fak
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PLL Re ponse to a Frequency Step

The PLL configuration under consideration here is

shown in Figure 1, along with pertinent defining equa-

tions. With reference to this figure, it is assumed for

simplicity that the PLL reference signal (input) is de-

rived from two gtandard frequency sources, the mark and

space frequencies for binary FSK. Selection of a mark

or space frequency is prescribed by a rectangular keying

wave. PLL operational assumptions are: (1) the frequency

shift of the PLL input signal is a continuous phase instan-

taneous shift, initiated at time instants of zero phase coin-

cidence between the mark and space frequencies, and (2) the

PLL operates within its hold-in range at all times. The rate

of change of frequency at the output of the VCO, due to a

shift in frequency at the PLL input, can be controlled by

means of the PLL's open loop gain and an appropriate selec-

tion of the break frequencies associated with the loop's phase

lag filter.

For purposes of determining the PLL response to an in-

stantaneous shift in frequency of the input signal, a fre-

quency shift from wU1 to a2 is considered such that

U 1 + AC•e=U) 0  w2 -A(), (1)

/
,
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where •: is a ficticious carrier frequency centered

between tho mark ard space frequencies, 01, and "9-

Also, AM is the steady state frequency deviation from the

carrier frequency. A unit amplitude PLL input signal for

sEuch a fr"Wqency shift can be represented by

"'5t) = sinr(Dct + (i(t)] ('•)

where

-A(t, t < 0
Ipi( t )= ÷Ayt, t > o.

That is, the PLL is assumed locked to frequency a), and

is excited at time equal zero by applying a frequency step

or phase ramp. The VCO output signal can be expressed as

v(t) = sin (ct + (p(t)], t > o. (3)

It '.s assumed that the VCO natural frequency (open loop

frequency) is equal to the carrier frequency in order to

achieve quarter-wave symmetry of the modulating waveform. j
The instantaneous phase deviation from the linearly

increasing ph-ase, act, is found by solution of the PLLcA
I1

S.. . --__ _ _ ... I '""-' • • • •• ••: ••,•:•.
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system equation

t

(t) -K f [iW(x)-pW(x)]h(t-x) dx = c(o). (4)
0

Here, h(t) is the impulse response of the loop's phase

lag filter, as shown in Figure 1. From the steady state

solution of the loop's system equation, the initial condi-

tions can be found as

q (o) = AO)/K (5)

and

S(o) = -A^O (6)

Defining

K k0kc (7)

03 (8)

KTb+I (9)

a n
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a = (10)

a 5n

4s = A(O1/K (0 2)

and

1 - 6-wn /K - (w /K) 2

the solution of (4) for the underdamped case yields

•p(t) = Aat + M exp(-ct) sin (Pt+e) -c (14)

where

e = arctan wn/K - '
S/ 5an/K - 1 "

Here, 6, a) and K are respect .vely the damping factor,

the loop natural undamped frequency and the open loop

gain.

Taking the first time derivative of (14) yields

the instantaneous frequency deviation from the carrier

frequency,
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A( m = + M exp (-at) sin (1t + 7}, (15)

where

y = arctan - J"

Equations 14 and 15 were derived for a up-shift in fre-

quency, from w to W2 .-For a down-shift from (2 to (1,

these expressions can be made applicable by changingI
+ AU to -Am.

A plot of the instantaneous frequency of (15) re-

presents an effective modulation or keying waveform, as

illustrated in Figure 2. It can be seen that the shape

of the waveform is determined by the parameters 6 and

W /K. Selection of the value of these parameters is pri-
n

marily based upon the desire to minimize signal bandwidth

for a given frequency transition time. This suggests a

smooth transition accompanied by small overshoot and

settling time, such as the transitions produced by 0.7

•5•1 and w /K = 2 6 (due to physical realizability

considerations, 0 < Cn/K • 26).

Spectral Analysis

In the following, it is assumed that a periodic

modulating signal of frequency U = 2r/T is employed.



The values of Gl/m and w2 /w are even integer numbers, and

the modulation index, m = N/u), is restricted to integer

values, as required by the first PLL operational assumption.

* These conditions are sufficient to achieve phase coherent

mark and space transmissions, and continuous phase frequency

shifts of the PLL input signal.

In terms of the dimensionless quantities, T = wt and

CO= aD/), the VCO output over one period of the keying wave
C

can be expressed as

v () = sin (ST) cos[4(-)] + cos( 0) sin [¢(D)( , (3:)

where

( =(P(0) - 0m j - 2 (17)

and

g(P() = mT + 2L M exp (-! -0 sin T + "z n K (18)

The Fourier =;,.L-•.,.z :-ransin- for the VCO output or modula-

tPO ;arrier can be expresoed as

IL -- I
I.
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v() = Co sin (SIT) + D cos ()

+ M CnjI{Siln[(+n)T + On] +sin[(S-n)T-O ]}
n=l

+ Z ID n jcs[ (+n)T + •n] + cos[(R-n)T-Vn"}.n=l

(19)

The complex Fourier coefficients are given by

f cos [q(p)] exp (-jnr) d¶ (20)Cn= or

where

a = even number, n =even number

m = odd number, n odd number,

and

D 1 f sin [qp(r)] exp (-jn¶r) dr (21)
Dn = 0

where

a = even number, n = odd number

a = odd number, n = even number.
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The complex spectrum is therefore a function of m, 5,

a) /K and w/C.
nn

In a similar manner, the effective modulating sig-

nal becomes

V .(-r) 0 <T2 (22)

where

A•( = il + M exp (- -r) sin ( T +y)}. (23)

The Fourier series representation of the modulating sig-

nal is

cc

v (r) = IAnIcos (nT + xn) (24)
n=1,3,5,,...

due to the existance of rotational symmetry of the wave-

form. The complex coefficients are given by

A f(-r) exp (-jnr) d¶. (25)An = "(5

0

The complex spectrum corresponding to the effective modu-

lating signal is therefore a function of n, D /K and w/cnn n
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It is useful to define a new dimensionless parameter,

frequency transition time, t5  (26)

bit length, T/2

which can be conveniently related to the ratio w/w by

letting ts = 2w/an, which yields

Ts = 2 F . (27)
n

Thus, for example, rs = 0.5 corresponds to a total frequency

transition time equal to one-half of the bit length. Rectan-

gular wave modulation thus corresponds to rs = 0.

The spectrum corresponding to the effective modulating

signal can be calculated in a straight forward manner by

evaluation of (M5) giving

IAn 4 %w a2 + b 2

n1 n c2 +2 (28)
c + d

and

Xn = arctan (b/a) -arctan (d/c),

where

a=l

b = n(aW/wn) (2 5 -w n/k)

c = 2nsw/an

d = I - (nw/wnn) 2 .
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Equation 28 yields the complex amplitude spectrum for a rec-

tangular modulating signal by letting T 5  2w/w

A means for evaluation of the integrals of (20) and (21)

in closed form to yield the modulated carrier spectrum is not

evident, except in the special case wherp T. = 0 corresponding

to rectangular wave modulation. Twro approaches towards deter-

mination of the modulated carrier spirtrum have been considered.

The first method involves a Taylor series expansion of the in-

stantaneous phase expressiun given by (14), and subsequent term

by term integration to yield the desired spectral information

[6]. This approach leads to excessive computation when large

values of the transition ratio and/or modulation index are con-

sidered because the series converges slowly. The second ap-

.proach makes use of the fast Fourier transform algorithm [7].

The fast Fourier transform technique was employed to calculate

the modulated carrier spectra presented for all T s > 0. The com-

plex amplitude spectrum 4 'or Ts = 0 can be found as described in

Appendix I.

Spectral Data

Numerous combinati-ns of PLL parameter values are possi-

ble. In general, the spectral bandwidth of the modulating

signal is more sensitive to variations of the loop parameters

than the modulated carrier bandwidth. Examination of (28) in-

dicates that the magnitude of the modulating signal amplitude

spectrum drops off at a maximum rate of 12db/octave for large

* Z
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n., except in the case where w n/K =2C, whi,'-h results in a

decrease of 18db/octave (See Figure 2). This compares with

6db/octave for Ts 0. The PLL configuration corresponding

to an) /K = 28 is relatively easy to implement since the phase

lag filter shown in Figure 1 reduces t' a simple RC low pass

filter, allowing convenient control of the transiticn time.

Additionally, selection of 5= 0.9 provides a s...Lh fre-

quency transition with small overshoot. Thus, consideration

is restricted to this particular PLL configuration in the

following paragraphs. Complex amplitude spectral data have

been calculated which correspond to the modulating signal

and the modulated carrier. These magnitude and phase data

are presented in Tables 1 through 5 and Tables 6 through 30,

respectively, in Appendix TI. Modulated carrier spectral

data are presented for modulation index values of 1, 2, 5, 10

and 25.

Spectral envelopes of the discrete spectral magnitudes

are employed here to summarize the effects of modulation wave-

shaping upon the resulting spectra. With regards to the modu-

lating signal, it has been shown in (24) that all even order

harmonics have zero value. Thus, the odd order harmonics have

discrete values lying on the envelope curve corresponding to

their respective harmonic numbers. Figure 3 shows such spec-

tral envelopes corresponding to 6 = 0.9 and wn /K = 1.8 (See

Figure 2) for several values of Ts, including T =0 for
:"S

lki
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comparative purposes. (These curves have been plotted from

the data of Tables 1 through 5.) While the magnitude of the

spectrum corresponding to s = 1) decreases at a rate of 6db/

octave for large n, it is seen that this rate increases to a

maximum of 18db/octave for relatively large values of Ts as

indicated by (28).

Representative effect:; of controlled frejuency trarisi-

tions upon the frequency s~ectra of frequency shift modulated

carriers are depicted in tqe line spectra of Figure 4. Only

the sidebands above the carrier are shown since each magnitude

spectrum is symmetrical about the carrier as seen from (19).

Figure 4 also illustrates spectral envelopes under which all

spectral lines exist. In the case of instantaneous frequency

transitions (T. = 0), certain spectral lines under the enve-

lope are zero valued. However, controlled frequency transi-

tions (T > 0) cause these lines to appear. The spectral enve-

lopes of Figure 4 show that the spectral energy is shifted to-

wards the carrier with increasing values of Ts That is, the

signal bandwidth is reduced as compared with that corresponding

to an instantaneous f:equency transition. These effects are typi-

cal and general conclusions may be drawn.

Utilizing the data presented in Tables 6 through 30,

modulated carrier spectral amplitude envelopes are shown in

Figures 5 through 9 depicting dependence upon modulation index

and various values of the transition ratio, including T. = 0

curves for comparative purposes. Corresponding to T = 0 and
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n2 the spectral magnitude decreases at a rate of 12db/oc-

tave. Appendix I shows that the signal k.andwidth for T = 0s
2and »2>>m increases as the square root of m when compared with

a modulation index of unity. For T > 0, the spectral magnitude

dropo off at a rate which increases with increasing values of

modulat ion index.

Modulated carrier signal baadwidths as a function of thie

tradition ratio are shown in Figure 10 for various values of

moduIation index. An arbitrarily selected 40db bandwidth is

employed for comparative purposes. This figure shows that

the %aximum reduction in modtlating signal bandwidth is ob-

tairted for large modulation index values; that is, the sig-

nal requiring the largest passbands. Also shown in Figure

10 to the bandwidth variation of the modulating signal with

transition ratio, and it is noted that the modulating signal

bandwidth is more responsive to changes in i than is the

modulated carrier signal bandwidth.

Co!ne is ions

A phase lock frequency modulation technique has been

investigated which has application to phase coherent FSK.

Thia technique utilizes a phase-locked loop (PLL) to pro-

vide effective modulation wave-shaping and a corresponding

reduction of the effective modulating siE-nal and modulated

sigtal bandwidths as compared with those resulting from rec-

tangutlar wave frequency modulation, or an instantaneous
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frequency shifted carrier. An analysis of the PLL response

to an instantaneous frequency shift has been presented, along

with representative responses as a function of the loop ?ara-

meters. Spectral analyses have been conducted and results

presented for this controlled frequency transition, frequency

shift keyed (CFT-FSK) type modulated signal and for the corre-

sponding effective modulating signal. A selected class of

PLL parameters and various values of transition ratio and

modulation index have been considered. The PLL parameters

selected yield a smooth frequency transition with small over-

shoot of the final frequency value. The results reported here

demonstrate that significant bandwidth reduction and variation

of such can be realized for the modulated signal, with a more

pronounced change realized for the effective modulating signal.

The analyses and results of the spectral calculations

presented here suggest several areas which can benefit from

this work or an appropriate extension of such. With regards

to the signal bandwidth variations which can be achieved through

the loop parameters, modulation frequency, modulation index and

frequency transition time, a wide variety of signal designs are

possible. The signal characteristics can be matched to some

degree to realizable bandpass characteristics for test and

evaluation purposes. Related work in the area of CFT-FSK has

shown good agreement between theory and practice [8]; thus the

actual signal characteristics are predictable. Such is the

case because the PLL model and operational assumptions which
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have been cho.sen are realistic ones.

Concerning the bandwidth reduction characteristics of

the CFT-FSK method, no attempt has been made to optimize the

PLL configuration or signal design employed here from the

viewpoint of bandpass distortion and detection as applied

to communications systems. This is an area which can uti-

lize the theory and results presented hIere, in p-.rticular

where application is made to phase colherent, narrowband,

VLF-FSK systems.
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"~V APPENDIX I

Rel -ular Wave Modulated Carrier Spectrum

..e phase function given by (18) for the case of

instantaneous (T.= 0), periodic frequency shifts becomes

simply

( = m-.

Employing (20) and (21), the complex Fourier coefficients

are found to be as follows.

(i) m even integer:

Cn =0.5, n = m

Cn =0, otherwise

D m , n =1, 3, 5,....

(m -n ) ir

D =0, otherwisen

(ii) m = odd integer:

Cn = 0.5, n = m

C = 0, otherwise

D 2) , n =0, 2,4.....

n = m o-n

= 0, otherwise

t
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The magnitudeq of the sidebands (and spectral envelopes)

for n>m are given by

ID 2m
I DI (n 2 m2 w

Expressing the sideband magnitude in decibels,

Dndb -20 log (n 2, 7 i .

An approximate expression can be written for large values

of n relative to M; that is

2
IDnIdb = -20 log (r/2) - 40 log (n) + 20 log (m), n >>M

The spectral magnitude decreases at the rate 12db/octave for

fixed values of m. The above expression also shows that the

signal bandwidth increases as the square root of m when com-

pared to that corresponding to unity modulation index. That

is, for example, an arbitrarily defined signal bandwidth,

2 2
n »•m , will increase by a factor of 5 if the modulation index

is increased from 1 to 25.

..... ....
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APPENDIX II

Tables of Spectral Data

Tables containing spectral data are presented here for

the modulating signal and the modulated carrier. These data

correspond to Gn/K =25 1.8 and , 0, 0.05, 0.1, 0.2, and

0.4. With respect to the modulated carrier, data are presented

for modulation index values of m r= 1, 2, 5. 3.0 and 25.

In order to facilitate compilation and presentation of

these data, the variable parameters are denoted at the head

of each table as follows:

A = modulation index, m (where applicable)

B = damping factor, 6

C = ratio of loop natural undamped frequency to
open loop gain, a /Kn

D = frequency transition ratio, Ts

N = harmonic number and sideband order, n.

Asterist:3 (****) Qhich appear in the heading of tables

denote tho.t the corresponding parameter is not applicable

for the particular case under consideration. An example is

the case of data presented for instantaneous frequency transi-

tion. Asterists (******) entries also appear in the tabulated

data corresponding to amplitude spectral values whose magnitudes

are more than 100db belcw the unmodulated carrier. Such values

are deleted from the tables because computation accuracy becomr's
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-6a factor for spectral values of the order 10 and less.

Spectral data for the modulated carrier signal, with

Ts > 0, was calculated using the fast Fourier transform

method. Based upon known spectral values determined conven-

tionally (Appendix I) for .-- 0, tte error introduced due to

aliasing is estimated to be less than 1% for the worse case of

m =25 and . =0.05.

V
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TABLE 1 MODULATING SIGNAL SPECTRAL DATA

S.......-...... f N- MAGNITUDE PHASE
_(DB) (DEG)

1 -3.92 -90.0
3 -13.46 -90.0
5 -17.90 -90.0

- 7 -20.82 -90.0
9 -23.00 -90.0

11 -24.75 -90.0
13 -26.20 -90.0
15 -27o44 -90.0
17 -28.53 -90.0
19 -29.49 -90.0
21 -30.36 -90.0
23 -31.15 -90.0
25 -31.88 -90b0 o
27 -32.54 -90.0
29 -33.17 -90.0

_31 -33.74 -90.0
33 -34.29 -90.0

_35 -34.80 -90.0
37 -35.28 -90.0
39 -35.74 -90.0
41 -36.17 -90.0

______43 -36,59 -90.0
45 -36.98 -90.0

_47 -37.36 -90.0

51 -38007 -90.0
53 -38.40 -90.0
55 -38.72 -90.0
57 -39.03 -q-o~i --

59 -39.33 -90.0
61 -39,62 -9000 ..
63 -39,90 -9000
65 -40.18 -90.0
67 -40.74 -90.0- ~~69 0'.6 -900 ...

71 -40.94 -90.0S. .... . 3T- -076..•-€ o 0. .. ..
75 -41.42 -90,0
77 -41o65 -9000

79 -41087 -90.0

03 -42.30 -90.0

87 -42.71 -90.0
a9 -42.91 -9040

99 -43.10 -90.09Y- ... . • --... --9-6,0W .- . .....
.•95 -:3.47 -90o00

.. .9T -.- 9 .-- .
-99 -43o83 -900
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TABLE 2 MODULATING SIGNAL SPECTRAL DATA
BaOo90 C"1,80 D.0.05

.. .N . MAGNITUDE PHASE
(DB) (DEG)

1 -.- 02 -92.5
3 -13.49 -97.7
"5 -17.98 -102.6"-

_ _7 -20.99 -108.0
9 Y232 8 -113.1

11 -25.16 -11801
_ T -26077 -123. .
15 -28.21 -128.1
17 "29.52 -133"0

__19 :30.73 -137.8
21 -31.88 -142.5
23 -32e97 -147.1

27 -35.03 -15505
29 -36*02 -160.0

- __ _31 -36.98 -164.0

35 -- 38.84 --;:S

39 -40.63 -178.3
41 -495 178.4

__43 -42035 175.4

47 -44.00 16907

51 "45060 1640?

53 -46o37 16Z24
____"47s12 160,2
_59 -48.59 156.1
.. ..... • ... .154*2.

63 -50.00 152.4
65 -50s69 .. .150*7

r___67 -51.36 149.0
.. .. . - -- 2;o .... 147;5

r____71 -52:65 146.0F+: --- " - . ..... .. •F - 2-. -... 4• 6 .. .. . . . .

75 -53.90 143.3 j
•" I ~~~77 -54q* 51 4O "--

_79 -55.10 1407.
13V,6

_83 -56.26 i38.4

-__'_ - a- 1 -36,fl "IT,+ ...07 -57.37 136.3 _________

_________91 -58.44 134.4

95 -59.47 132.6

S.97- -59-97 1318 ..
99 -60e47 130*9

-, -, e,,,--. . . . . . .... .



, ¾,m
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TABLE 3 MODULATING SIGNAL SPECTRAL DATA
BUO.90 inoO Du0.10

N MAGNITUDE PHASE

- _ _ _ _ 1 3 . 9 ( D E G I

3 -13.58 -105.4
5-18.24 -115e6

_____________ 7 -21.49 -125o6
9 -24.12 -135.4

_____11 -26.41 -144.8

_____ _______i2 -30.58 ___ 171260__

17 -402736 161.7
19 -342.2 -176.1

23-7580 149.8
27 3 -406.31 146.3

35~ -46.31 146.7

39 -48.79 14103_____

41 -499513,6

_______ ___ 47 -53.20 133.0
49 -54.20 131.3
51 -55.17 129.8
53 ..56.11 128.3

__________ -55 -57.02 127.00 _

57 -57.90 125.7
______ ____59 _ -58.76 __ 124.5 _ _

61 -59.58 123.4
63 -60.39 122.4

65 -61.17 121.4
67 -61.93 120.5
69 -6267 119-6-

_ _ - - - - 71 -n63*38 11 L:8

___ __ __ __ __ __ __ __ 75 -64.77 117.3 _ _ _ _ _ _ _ _ _ _ _

-79 -66.08 115.09
al -66*72 115.3

______ -- 83 - -67.34 114.7

67 -68.53 111.5
89 -69.11 113.0

- _ ___ ___ ___ -- 91 -69.68 112.5 _ _ _ _

______________95 -70.78 111.6 ______

99- -7 *5 l-v
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-TABLE 4 MODULATING SIGNAL SPECTRAL DATA

-. -- N MAGNITUDE PHASE
___ ___ __ DB) (DEG)

______- -- - - .170FO -3

3 -13.95 -120e6 ______

5-19.27 -140.1
____________7 -23o49 -157.9

-9--- --27TF. -75
11 -30.73 173.9

-is- -33.094 -163.o5
______________15 -36991 155.1

17 - ý;- 'j- 14862
19 -42.17 142.6

-- 2-1 -w447*5 0 -1-37-9-
23 -46.66 133.9

S-25- -4.6-&67 130-
__________________ 27 -50.55 127.6

Z9 -5Z*31 12501
___31 -5,4497 122.9

___________35 -57.01 119:2
'-37- W596gil ni -6

_________________ 39 -59.74 116.2_ _ _ _

_________43 -62.22 113.8
* --45' -;63.38 112.8S

______47 -64.49 111.8
9-;65.056- 1-0.9

________________ 51 -66.58 110.1
33 -67ZT *T109.4

55 -68.52 108.6

______59 -70.32 107.4

63 -72.01 106.3
'6 5 -7282 10508

_____67 -73.60 105.3 -

-_ __-- - 71 -75.10 104.5

__ __ __ __ __ __ __ __ __ 75 -76.52 103.7 _ _ _ _ _ _ _ _ _ _ _

T77 -1 1 o
79 -77.86 103.0

83 -79.14 102.4
-__ _ -- 8 -7.761-02,61

87 -810.36 101.8

____91 -81.53 101.3
9y__ -; 2-6 *209 I1,0 0t

___95 -82*64 100.8
--97-- -- 8 3 9OL

__________________99 -83.71 100.4
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TABLE 5 MODULATING SIGNAL SPECTRAL DATA
B58.90 C=1.80 DuO940

______ -N -~MAGNITUDE PHANSE~

_- -DB) (DEG)
_-1 - -4.13 -110.5

3 -15.44 -149.3
5 -23.00 -180.0
7 -29.44 159.1
9 -34.91 145.3

11 -39.58 135.8
13 -43.61 129;0

I__-s15 -47.13 124.0
17 -50.26 120.0
19 -53.06 116.9
21 -55.60 114.ý
23 -57.92 112.3
25 110 05i-. 5
27 -62.03 109.0
29 -63.86 107.7
31 -65.58 106.5
33 -67.19 1050.

_35 -68.71 104.7
37 -70.15 103.9
39 -71.51 103.2
41 -72.81 102.5
43 -74.04 101.9
45 -75.22 101.4
47 -76.05 100.9

51 -78.46 100.1
53 -79.46 99.7
55 -80.42 99.3
57 -81.35 99.0
59 -82.25 98.7

-- 61 -83.11 98.4
63 -83.95 98.1
65 -84.77 97*9
67 -85055 97.6
69 -86.32 97.4
71 -87.06 97:2

75 -88.*49 96.8
77 -89.17 96.6
79 -89*84 96.5
-61 -9 96.- 0
83 -91.12 96.2

S-91-o-7-49"6.0
87 -92.35 95.9
89 9Z,94 95.791 -93.52 95.6

- -- -_ __- 4. 8 , -

95 -94.64 95o4
"WF -93*0dle- 5s
99 -95.71 95.2

-II
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TABLE-6 MODULATED CARRIER SPECTRAL DATA
An 1 as**** Ca**** DO.06

N MAGNITUDE PHASE
(DB) (DEG)

1 -6.02 0.0
2 -13.46 180.0

4 -27.44 180.0...•

- -J -" -34.80 b 160.0
7
a -39.90 LIOO
9 a.- -- - -- -•+- O

-47 "470'2 180,0
13
14 -49.72 180" 0
15

180110
17 .... z!4,o1-0 TO-O

19
20 -5,94 180.0

_____ -- 21
-52y.6o 180.0

____ ____- -23 "---14 - 1, 10,00

25
26 -60.50 180.0
27

-- -6-1,0i 180.0
29 * **..- 1s -,W ~.o-

31
32 -64,11 180.0
33

-Y6•- - -• -"8.;

37 ******
38 -6710 150.0
39

S" 67.19• [80.0--
41
47 -68.84 1Y"0.0
43

-4 69.65 180.0
45

• *6 -- 704 2 -Tn- -

47
49T " 7I6 T50oO
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TABLE 7 MODULATED CARRIER SPECTRAL DATA
Au 1 V81490 c-1.80 Da'O.05

N MAGNITUDE PHASE
(DB) (DEG)

0 -3.91 0.0
"1 -6.02 -2.5
t I 2 -13.47 174*8

- _ _ _ _ _ _ _ 3 __ __ _ __ _ __ _ __ _ _ _ __ _

4 -27.49 169.6

6 -34.92 164.5
7
O -40e12 159.4
9

--- 44.17 1543

13 ******
14 -50*38 144o3
15
-----1-U ---551•02 .
17

zW21 - -- -6
____ _ __ __ ~ 52 - I321

23

K 25
26 -62.81 116.2
27" - -

29 .
so 0 -66TU" 107'9
31
3Z -b6754 104.0
33
3•- - '69W0W . .00,2

- -- --- 35
W --- w-1*0041 9"6.-6
37 ******
3I -t717 93.1
39

__.... -- " 4V- -73.W'0 .. . .. T "
41

___.. .. ..-- - - 42. 7i-15- --W"-.
43
44, -7563 3539
45

______ - ~467 - -76.5i TF- __ __

47 *****

49$~~~~ .. .__ _ _- - 76 --- .. . .______ -______

S..... .. • 8- " 78"'03- . .. ...
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TABLE 8 MODULATED CARRIER SPECTRAL DATA
As I B=0090 C.1.80 Dx0O10

-N MAGNITUDE PHASE
(DBO (DEG)

0 j,0 0,0
"6"1 602 -5.1
2 -13.50 169.6
"3 -87.96 163.1
4 -2-764 159.4
5 -87&78 150.6
6 -35.28 149.3
7 -87.65 137.0

S-40.77 139.3
"9 -87.65 122.2

10 -45.19 129,-
11 -87.85 106.9
12 -48.98 120-------
13 -88.27 91.5
14 -52.37 111.9

_ s15 -8890 76.2
16 -55.46 103. 9 0
17 -89.72 61.4 _

18 -58033 96.5
19 -90.68 47,5
20 -61.03 89,8
21 -91.77 34,3
2 -63oV6__ f•.938

23 -92.96 21.9

25 -94.20 10.5
26 -68.24 73.4
27 -95050 0.0
28 "-70F.40 69.0

-29 96.82 -9.6
30 --- I46 65.0
31 -98.18 -18.9
32 -74942 6194

_33 -99.49 -271l
34 -76.28 58.1

36 -78.07 6552
37
38 -79*77 52.5

________39

46 ____ ;;- 1 -

4041 ***.--10
S42 -- 8 7 " -- 4 -8.

4 -84948 45.7

___ ___ __ ___ -- 46-- - ;WS 0 §73

47
'48" -807J9 42.O
49

- _ _



TABLE 9 MODULATED .CARRIER SPECTRAL DATA 41
An 1 B=0o90 Cale8O D=0020

N MAGNITUDE PHASE-- --.. . . . . .* -B T -- -1 - r G .
0 -3.86 0.0
F- .. 6. -6 - -10.3
2 -13.62 159.4
3__ -69.66)1-,-
4 -28.25 139.3
SZ6--9 ; T0 " 114.6
6 -36.70 120.5
1 -?7b.5- 83.9
B -43.26 103.7
9 -72.12 5406

10 -48.87 89.5
11 -74028 28.2
12 -53.84 77.9
13 -- -7W *- 50
14 -58.30 68.5
i5 -79.41 -14s2

__16 -62o33 61.0
- -.i- -- 2"-09 -30.9

-18 66.00 54.8+ I9"-11"•4-; 'r4 -459- .-,-T--
20 -69.34 49.6

21 -87.33 -57.4
! 22 -72.42 45.3

23-89.82 . .-67.-9
---n ____6-2 -

24 -75.26 41.6
2• -9022i -2l.b
26 -77.91 38.5
27 -94.53 -84.9
28 -80.37 35.7
-- - -.29 -96.*7 -91.8
30 -82.69 33.3

32 -84.86 31.1
33
34 -86.92 29*3

_ _36 -88.86 27.6

38 -90.71 26*1

40 -92.46 24.7

42 -94.12 23.6
_____ -- 43

44 -95.72 22.5

-46 -97.24 21.6
4 "7 ** ** W ý W ...... .. ..... ...... ..- - -
48 -98.72 20.5

- 4 -WW U._.UFU
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TABLE 10 MODULATED CARRIER SPECTRAL DATA
As 1 8=0.90 Ca1.80 DmOO40

-N MAGNITUDE - HASE"
S(DR) (DEG)

0... . -3 . -.71 - 0.0
1 -6.06 -20s6
2 -14.10 139.2
3 -52.09 99*5
4 -30.57 102.9
5 -55.10 41.7
6 -41.47 76.4
7 -59.95 -4.4
8 -50.13 59.4
9 -65.29 -38.4

10 -57.20 48.1
_ 11 -70.49 -63.2

12 -63.14 4090
13 -75.31 -81.6
14 -68.28 33,8
15 -79.73 -95.5
16 -72.82 29.0
17 -83.76 -106.2
18 -76.87 25.3
19 -87.43 -114.7

Z20 -8058FY 22.4
21 " 9 0eBO -121.6

-- 3.84 20-1
______23 -93.88 -127.1
24 -86.87 18.2
25 -96*75 -13107
26 -89.67 16.7

_27 -99.41 -135.7
28 -92.26 15.4
29

31
32 -96,91 13- 2
33
34 -99001 12o6
35

37
38
39

41

43
44
45

47

49
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TABLE 11 MODULATED CARRIER SPECTRAL DATA
An 2 B-i* C-**** D-O,00

K MAGNITUDE PHASE
(DB) (DEG)

1 -7.44 0.0
2 -6.02 0.0
3 -11088 180.0

_ -24.34 180.0
6
7 -30.96 180.0

9 -35.63 180.0

11 -39.26 180.0

13 -42.25 180.0
14
15 -44&78 180.0
16 ii*
17 -46.99 180.0
is
19 -48.95 180.0
20 ***
21 -50.71 180.0

_ _ _23 -52.30 180.0

25 "53,76 180.0
26
27 __ -55.10 180.)
28
29 _ -56.35 180.04
30
31 -57.52 180.0
32
33 -58.61 180.0

_..... 35 -59.63 180.0
36* *iii* * *

37 -60.60 180.0

39 -61*5.2 181000

41 -62.39 180.0S~~~~~42 -ii.i "iii

43 -63.22 180.0

45 -64401 180.0

47 -64.76 180.0
49 -65e49 1-0 049 -65.49 180.0

- i - I | . . .I.. . . . . .



-. ... 4 4

•I TABLE 12 MODULATED CARRIER SPECTRAL DATA
As 2 BWO.90 culSoo D0*005 -

N MAGNITUDE PHASE
__-_DB) (DEG)

0 -94.06 18000
1 -7o43 -2.5
2 -6.02 -5.1
3 -11.89 172.2
4 -94.08 168o8
5 -24.41 167.l
6 -93.97 163.2
7 -31.11 161.9
8 -93.89 156.9
9 -35.89 156.8

-- 10 -3oS80 150*7. .. .

11 -39.66 151.8
__ _- T• ... • T -jo .. .

13 -42.81 146.8
14 -93.67 137.1
is -45.54 141.8

,2-17 -47.97 136.9I -• - + -TW - 9 • q . . . .I 5

19 -50.17 132.1

21 -52.21 127.4

__23 -54.10 122.8

25 -55.88 118.4
z, ' 6 -94*•9 9105

_27 -57&77 114.0

29 -59.18 109.9

31 -60.73 105.9
3_ -95330 68.8
33 -62.22 102.0

35 -63.65 98.3

37 -65.04 94.8
35 -96.68 47.6
39 -66.39 91.4
W -- 9T 2- 4- -. .. ..

41 -67.70 88.3
4 z •"71 -- 2 -

43 -68.96 85.2
44 -i9537 28.0

S45 -70o20 82.3

47 -71.40 79.6
S1-99 09 ".56 16.7
49 -72.56 77.0
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TABLE 13 MODt;ET£D CARRIER SPECTRAL DATA
An 2 8"0.90 C81980 DO*10

N MAGNITUDE - PHASE
(DB) (DEG)

0 -76.04 180.,0
1 -7040 -501
2 -6.02 -10.3
3 -11.94 164.5
4 -75.84 156.7
- -24.62 154.3
6 -75.68 143.?
7 -31.57 144.2
a -75.61 12905
9 -36.67 134.4

10 -75.72 114.6
11 -40585 125.0
12 -7-603 - 99.2
13 -44.48 116.1
14 -76.55 83.9
15 -47.75 107.7
16 -77.26 68.9
17 -50.75 99.9
1i -78,15 54.5
19 -53055 92.8
20 -79.17 41.0
21 -56.19 8664
22 -- U --- -- -- 2

23 -58.67 60.6

25 -61.02 75.4
26 -82.79 53

________27 -63.25 70.7
28 -- -" "84 10 -- -- 4.7
29 "65.37 66.5

38.4 -1j4.2
31 -67o39 62.7
32 -86.77 -22.8
33 -69.30 5903
34 -88010 -3009

--. _ -- 35 -71.13 5602
36 -89.43 -38.2
37 -72.88 53.4
38 -90077 -45.1
39 -74.55 50.8
40 -92.07 -51.5
41 -76.16 48.5

_____ -o Y4-- Z-57fo4
43 -77.69 46.3
44 -94.61 -62.8
45 -79.17 44.3
46 -95084 -67o9
47 -80.59 42.5
-4 - 89ZIM6 470.6
49 -81,96 40081
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TABLE 14 MODULATED CARRIER SPECTRAL DATA -_"
An 2 B.O.90 -00" D020 .....

N MAGNITUDE PHASE
_(DB) (DEG)

[ 1 -7o28 -10*3
_"_2 -6.04 -2066
____ 3 -12.14 149.2

___5 -25.45 129.5

_________________ 7 -33.33 111.2
a -59.28 69.6
9 -39.59 95.3

- 11 -45.01 82.0

13 -49.83 71.4
T4. -65.97 -4.4

_ 15 -54915 62.916 -;6. "7 -22.8&

17 -58.05 56.11T-71•31 -- 8- 4.... . . .... ..

19 -61.58 50.6
20 -73,95 -5168

_ _21 -64.80 45.8

! 23 -67.76 41.8
"-24- T6997- -73.1
25 -70.52 38.3

-!• ' Z6 "8133-1 --
27 -73.08 35.2
2-6" -8•606- -89-0
29 -75.49 32.5

.. • -85*7-4 -9o-4"
31 -77.76 30.1
3Z -87o51 -101.2
33 --79090 28o0

_35 -81092 26.1

37 -83.84 24.5
35 -93*4T -114.5

;• __ _39 -85.67 23.1
_4- "o.T 11T

_ _ _41 -87.40 21.7

43 -89*05 20.6
44 -9a*40 -124o4

_45 -90.64 19.6
-46 ;-99.88 -z-- .-
47 -92*16 18.6

49 -93.61 17.8
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TABLE 15 MODULATED CARRIER SPECTRAL DATA
An 2 B50090 Cu1.80 D00.40

N MAGNITUDE PHASE
(DB) (DEG)0 -S9,o 0to180O
6 -6.86 -20.8

2 -6019 -41a0
3 -12.84 119.0S4 - 5 •7 72*0
5 -28o37 84o3
6 -45.23 19.2
7 -38.97 60.6
a -50.29 -22o5|
9 -47.28 47.1

-55.66 -5w,-- "-
11 -53689 37o7
12 -60 17800 --- 75"0
13 -59.47 29.8
14 -65.51 -91o2
s1 -64.41 23.2

16 -69.80 -103.5
_17 -68.87 18.0

19 -72.92 14o0
20 -77o26 -120.8

__21 -76.60 11.1
2Y ... 805-3-- -I2TO1

_23 - 79.96 3.9

25 -83.05 7o3
26 -86o35 -136o4
27 -85.88 6ol
28 -- 9---- -139.9
29 -88.51 5.3
30 -91.36 -142;9
31 -90.95 4o4
32 -93o64 -i45o6
33 -93.22 4.0
34- -;95 .T6 -17.
35 -95.33 3o6
3-6 9-7;o i -yi4 40
37 -97o33 3.4
38 -99.70 -151.7
39 -99a23 3.& 1

47-

4946 **v- - - -"--4*4-

y I

-__3



TABLE 16 MODULATED CARRIER SPECTRAL DATA
An S C-**** DR0O00

N MAGNITUDE PHASE"
(DB) (DEG)

-16.38 0.0

_ -_--6.02 0.0

7 a

a -21.76 180.0
9 ___,4 _____ _______

10-27.14 180.0
-s11 ** **M

14 -34.60 16C,0
15 _____

17

19
ZO -41*42 18000
21

23

25
27

7-*5.2 14.S2i •-47.S 1-1t0 ---

__________ 29 - * **

31 M* *,*

3Z -49993 180.0
33

35

S37

39
,40 ý-530a8a 11060
41
S4-2-- z5o-h-• 1800.
43

-4 1806o
45
4V --5o5 - -" 33
47

49



.fl ....S... ... ... .... .... .. . .-
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TABLE l'i MODULATED CARRIER SPECTRAL DATA
An 5 8.O.90 cl.oO Dm005

N M.. • ITUDE PHASE
WE)_ (DEG)

1 -78617 177.1
2-1E36011 i,1
_-3 -78.13 17105

65 -602 -12.8
6 -So164.-5 ----- ''
7 -78.03 15907
a -21.89 159.4

_-9 -77.94 153.5

11 -77.87 147.0

13 -77.81 i40.2
14 -35018 144.Z
Is -77o76 133.1

__17 -77.79 125.8

19 -77.85 118.3
ZO -4Z*69 IZ9*6
21 -77.95 110.8

~~~4-Y I.-iT150 -

23 -78.10 103.1

25 -78.31 95.5
26 -45.41 116.0

S- 27 -78.57 87.8

29 -78.87 80.2

31 -79.23 72.8
3Z -53.24 10T6-
33 -79.62 65.4

35 -80.0b 58.2

37 -80.54 51.2
35 -57*54 9Ti6

__39 -81005 44o4

41 -81059 3708

43 -82.15 31o4
44 -61o45 83.1

__45 -82.74 250.4I•-- -•2.• -...
47 -83035 19.4

_ 41 ;~~~6-30 BF .. 7"7 .......

49 -83.97 13.6
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TABLE 16 .4ODULOTED CARRIER SPECTRAL DATA
An 5 BsO06,0 CalesO DwOlO.

N MAGNITUDE PHASE
(DB) (DEG)

o -1f 57 0.0
1 -60&05 174s0 -

2 -16 a11 -10 43r
3 "59699 162*0

4 -- 091 "20.6
5 -6003 -25.7
6 1491•
7 -59088 13509
a -22*27 13901
9 -59.96 121.7

10 129-3•
11_-6001G 107.1

__ _ _2_-f -32099 - '1-.- ...... .

13 -60.57 92.2
14 -36.L1 110.9

_15 -61.14 ....... 77.4.
16 -40.18 102.4
1? -61.89 62,9

s1 -43.25 94.6
19 -62.76 49.0
20 -46011 87.4
21 "63*61 3508
22 -48.78 81.0

_23 -64*94 23.3
24 -51.31 75.3
25 -66.15 11.6
26 -53.69 70.2
27 -67.42 068
28 -55095 65.7
29 -680.2 -901
30 -58009 61,7
31 -70.05 -18.4
32 -60.11 56.2 -

33 -71.40 -26.9
34 "-62.02 55.0
35 -72*74 -3408
36 -63.84 52.1
37 -74.07 -42.1
38 -65.57 49ek
39 -75*40 -4869
40 -67.23 47.0
41 -76.70 -55.1

_4 -- -68.81 •.407 .
43 -77.99 -60.8

* 44 -70.32 42.6
_45 -79.25 -66.2

46 -4 6 1a 40 6 . . . . . . .
47 -80.49 -71.1

_ - 49 -81070 -•8 'S•49 -81.70 -75.7 _________
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TABLE 19 MODULATED CARRIER SPECTRAL DATA

A5 S 8'0090 Calso D=0.20

N MAGNITUDE PHASE
(DB) (DEG)

0 -16.75 0.0
1 -42200 166.9
2 -15o,62 -2009

- 3 -42*22 140*6
.4 -8.62 -41.5
S -6,14 -51.3

7 -43.43 87.1
8 -23.53 9905
9 -44.61 59.9

10 -30.88 82.2
__11 -46&30 3395

-- - -- - -- - ---- .......-- -4. 0 33.675
-36.89

13 -48.44 901
14 -42.18 •So4
15 -50.92 -12.5

-'-1"--6- . -46f84 4803
17 "53057 -31o1

-- Ia- ...... ---S'G 9-1 . .. . ............

19 -56.28 "46,8
20 --54*48 37.7
21 -58.97 -60.2

23 -61.58 -71.4

25 -64.09 -81.0
26 -63.28 24o9
27 -66.48 -89.2
2h ;-6-5-e 3 4 •- 0 .....
29 -68076 -9603

31 -70.93 -102.5
32 -70*61 14.2
33 -72,99 -10709~Sý .... ;M--- T, 4 1-#"•4-

35 -74.96 -112.8
. ..n . -- " "•-'*97 "--"7 -" 1 8

37 -76.84 -117.1
38 -[-Tul Oaf

39 -78.64 -121.0
.. 40---" ,TO9F97- - "4' ---

41 -80.36 -124.4
"42- - o- -- ........- 1
43 -82.02 -127.6
44 -5~oZ67 Ise

45 -83.60 -130.4

47 -85013 -133.0
.5 - au- 6. -*- - -- - £85i0W ,0-

49 -86059 -135.3

S,'



_ 52

TABLE 20 MODULATED CARRIER SPECTRAL DATA
An 5 8090 Caleso Dm0*40

N MAGNITUDE .... PHASE
(DB) (DEGI

0 f1.2 0.0
1 -25.42 154.2
2 -13.98 -41.0

_ __3 -26.52 104o0
4 -7.93 -82.5

... . ...5 -6.66 -101.4
6 -12e22 56.6
7 -31.02 7.8
8 -27.52 21.5

__9 -35.31 -37a9
.. 10 -38.34 3,7

-11 -40.82 -73.5
12 -45.65 -2*3
13 -46.45 -97.8
14 -50.87 -12.0

___.___15 s -51.58 -114.1
1i -55.58 -24.2
17 -56.12 -126o0
18 -60.07 -35.9
19 -60.19 -135.5
20 -64.31 -46.1
21 -63.92 -143.2
22 -68.28 -54.6

__23 -67e38 -149.5
24 -72.00 -62.4

- 25 -70.59 -154o6
26 -75*48 -6809
27 -73.59 -158.7
28 -'T8,T3 -74.4

_..... 29 -76.37 -162.0
___- 30 -;79V.a3

31 -78.98 -164.6
32 -84.66 -83.6
33 -81.41 -166.6

_ _ _35 -83.69 -168*2
36 -89.ii -90.6
37 -85.82 -169.5
38 -92.28 -93.5

_.. .. 39 -87,84 -170.6
40 -•9-4-!53 -96.3

_41 -89.75 -171.5
47f'"- .... -96,63 -98-4
43 -91.54 -172.3
44 -98.75 -100.5

-45 "93.21 -172.8
46 -" " ** i f ..
47 -94.86 -173.3

4; -96.37 -173.7 _

- -
.l ' '-
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TABLE 21 MODULATED CARRIER SPECTRAL DATA
A=1O on* Cc**** D-O0.0

N MAGNITUDE PHASE
_(DB) (DEG)

0 i* -
1 -23e83 0.0
2

-3 -23.10 0.0
4

+_5- -21.42 o.c
6
7 -18.07 0.0
8
9 -9.49 0.0

10 -6.02 0.0
"" 11 -10.36 180.0

12
13 -20.69 180.0
14
15 -25.86 180.0

17 -29,45 180.0

19 -32.25 180.0
20
21 -34.57 180.0

23 -36.57 180.0

25 -38*32 180.0
26
27 -39.89 180.0

29 -41031 180,0

31 -42.62 180.0
32
33 -43.82 180.0

35 -44.94 180.0

37 -45.99 180.0
38

_ 39 -46.97 180.0

__41 -47.90 180.0

43 -48.77 180.0
44
45 -49.61 180.0

47 -50.40 180.0

49 -51.16 180.0

•.•••- I I•
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TABLE 22 MODULATED CARRIER SPECTRAL DATA
An1O BmO090 Cu1,80 D0.O05

N MAGNITUDE PHASE
(DB) (DEG)

0 -66.07 180.0
1 -23.51 -2.5
2 -66*06
3 -22.80 -7.7
'I4 -66.0-'- 166.1

5 -21.18 -12.9
- 6IZ66 162W

7 -17090 -18.0
8 -65o96 155,8
9 -9.43 -23.2----------------------0 0-2 .- 5 *- 7

11 -10.43 151.6

13 -20.92 146.6
14 -65.90 13509
15 -26.26 141.6

17 -30.06 136.6
~~~~~-- 5" . .. . .. V5• -- 1- ; -

19 -33.10 131.7
zo66.O7 1146-
21 -35.68 126.922- -6-6-20- Io7l--

_ _23 -37.96 122.2
"24 "-;S66*- 3T- 90;-6
25 -40.02 117.6
Z6 -66.59 92.2

_ _27 -41.93 113.1
___2W- MG-g -2 96.8 a.

_29 -43.71 108.7
M671-6 -77*;I.

31 -45.39 104.5
32 -67o52 70.1

|- 33 -46.99 100.4
Se6.916

_______ ____35 -48.53 _ 96.5 -€I36 m68*34 55,9

37 -50001 92.7
38 68080 49.0

- 39 51.43 89.1
40-- Zve 30 4-

41 -52.81 85.8
-42 -Gd 350W-F
43 -54.15 82.5
44 -70.38 29.4
45 -55.45 79.5

4670.-40-09-6- -- __ Z3;
47 -56.71 76.6
49--- --To56- 1" "TO
49 -57.94 73.9

!-~
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TABLE 23 MODULATED CARRIER SPECTRAL DATA
AslO BO090 Cml.80 DuO.O

N MAGNITUDE PHASE
COB) (DEG)

0 -47.99 180.0
- 1- -22.0 -5.2

2 -48.02 166.9
3 -22.06 -1507
4 -48.10 153.8
5 -20.57 -26.1
6 -48.24 140.6

1 -T7.49 -;-36.4--
a -48,43 127.4
9 "9,28 -46,5

- 10 -6.08 -51.4
I- -13604

12 -49.03 100.6

14 -49.45 87.1
15 -27o27 104.1
16 -49.98 73.4

is_18 -50*63 5909

20 -51.41 46.5
zi -38.49 78.2
22 -52*32 33.4
Y3 -1ý.49 70.9
24 -53.34 20.9

26 -54.46 9.1
27 -46.93 58.8
26 -55.67 -2.0
29 -49.42 5.1.
30 -56.94 - -12.5
31 -51.75 50.1
32 -58.25 -22.1
33 -53.93 46.7
34 -59.59 -31.1
35 -55.97 43.8
36 -60.95 -39.3
37 -57087 41•2
38 -62.30 -46.8
39 -59.65 38.8
40 -63*65 -53.8

-.. '..... - - "61*. ...33 .. . 3 6
42 -64.99 -60.2
43 -4-6091 34.4
44 -66.31 -66.0
45 -64.43 32.2
46 -67e60 -71.4

-7 -65.88 30.1
48 -68687 -76.4
49 -67&28 28.0

4,- -. I . . .. .
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TABLE 24 MODULATED CARRIER SPECTRAL DATA
AmlO aO90 C-180 Du920

MAGNI TODE- Ok
__(DOB) (DEG)

"I- 31.29 1800O
1 -21.08 -10.2
2 -31.44 1154.2
3 -20.52 -30.7i•;4 -31*86 12688

_-_ 5 -19.24 -51.4
6 . .-- . 04.0
7 -16,55 -72.2
a -33,40 79.99 -8.91 -92.8

1-0-6,33 -102,3
11 -11.04 66o7

- 13 -23.04 46.9
14 -37o04 7,8
s1 -30*37 29.1

17 -36.53 15.1
19 -41.96 6s2
u Z --44,01 -- 7,2

_21 -46.52 1.9

23 -50.14 -0.7
24~
25 -53.08 -4.3
Z6 -5247 -97.8
27 -55.66 -9.2

29 -58009 -15.0

31 -60.45 -21.1
3z -59,94 -1Z0,5
33 -62.75 -27.2

35 -64.99 -33.1
W- " -WE-;G'-- - -1M 0 0
37 -67.17 -38.6
35 -66*ZZ -- 35or
39 -69019 -43.6".;i -• -6-w4I 1 -1319-6
41 -71.35 -48*4

4-2 =Wo 9V, - -'31 --2

43 -73.33 -52.8

45 -75.25 -56.8
--T3iIW ' 1-49 s-

47 -77.11 -60*6

49 -78.91 -64.1
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STABLE 25 MODULATED CARRIER SPECTRAL DATA
AlO 8=0490 Cm1.80 Dm0.40

__N MAGNITUDE PHASE
-DB) (DEG)

0 -19.03 180.0
1 -23.*65 -1.9ý; -
2 -19.06 139,1
3 -22.08 -50.4
4 ..- 19a23 96,5
5 -19.43 -90.9
6 -19.87 .510.1
7 -15,i5 -136.6
a -21.36 4.4
9 -8.40 176.5

10 -7.21 156.0
11 -11.92 -48.5
12 -26*50 -69.7
13 -27,36 -84.0
14 -31.35 -135.6
15 -38.11 -90.2
16 -37.55 -169.9
17 -42.81 -89.7
18 -43.63 169.6
19 -46.43 -103.0
20 -48667 157.1
21 -50.31 -117?3

_ 22 -52.86 146.3
. 23 -54.13 -129.3

24 -56.63 136.0
25 zp1 139*
26 -60.16 126.4
27 -61.07 -147.4
28 -63.54 117.9
f9 -" -64.23 -154.6
30 -66.73 110.3
31 -67.21 -160.6
32 -69.76 103.7
33 -70.03 -165.6
34 -72.62 97.9

36 -75.34 92.9

36 -77.92 86.5
39 -77.60 -176.1
40 -80.37 84.6

42 -82.68 81:2
S•JXi w €T... -79 o-€

44 -84,88 78.2
45 -54001 178.4
46 -86o95 75.5
47 -539W -

___ 48 -08.,94 73.1

t&9"-Ie'3-- It•



TABLE 26 MODULATED CARRIER SPECTRAL DATA
A-25 Bu**** CU**** DO0.00

N MAGNITUDE PHASE
-1(DB) - (DEG)

-31.52 0.0

4 - -31.65 0.00

6 -31.36 0.0
7
8 -30.94 0.0
9 - **. *

I -30.36 0.0

21. ~ ~ 1 .• .0 . .. . ..........

13
14 -28.61 0.0
1s

_........ 1_-- •27T' bi- 0;0"
17

19
Zu -Z2.00 0.0
21 "o -

23

__ -6.02 0.0
"-10.11 180.0

,• -I•.99 -180-0-
29__3--___ __...._ - T -• .... . --0- ---

t 31
32 -Z7e98 180.0
33__ __ _ _- - - -'•i0"-' -x180;0

35S..... .. -6-3 ,2,-4-9 160 _0
S]B -••,Z:)180.o37

33 -34eZ7Z 180.0
39, 40"-35"o,7 .. .-804-0

41
-.. 472 -7jU ---- . . 80,,-0 .....
43

A -- Jo11 180.O
45

47

j~ ( 49
-- u"rn;
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TABLE 27 MODULATED CARRIER SPECTRAL DATA
A=25 BNOm90 Caloso Dm0005

N MAGNITUDE PHASE
(DB) (DEG)

0 -30.25 0.0
1 -50.28 176.6
2 -30.21 -5.2
"3 -50.31 16909

____________-~ 4 -30.07 -10.5
"5 -50035 163.2

1<6 -2f9.8-g3 *158
"7 -50.41 156.5
a -29*48 -21.0
"9 -50.49 149.9

10 -29.00 -26.2
11 -50059 143.3

__-__ __-____ • -31.4
13 -50.71 136.8
14 -27.50 -36.6
s15 -50084 130.3S16 26 -41.7

17 -50098 123.8
476 - -46.8

19 -51.14 11703
ZO -ZZ*43 -51.9
21 -51030 110.9
I27 - + -TvW ---

23 -51.48 104e4

25 -6.06 -64.3
Z6 -10*24 113.0
27 -51089 91.5

29 -52o1 85.0O

31 -52.36 78.5
3Z -ZY.oz 96.4
33 -52o62 72.0
3 .31o85 93o6--
35 -52.91 65.4
16-- "-34026 8

37 -53.22 58.9
36 -36039 8343
39 -53056 52.3
40- -- 1-l " 1 .. . .. . . . .. .
41 -53o93 45.8

-4-2'- -" . -0•.7-- 75"9 5-..
43 -54033 39.4
44 "-41*5 71.3
45 -54.75 33.0
"46 -' 3-'4 -- - ",- -
47 -55.21 26.6

-4-W' -- ~ ' 6 -5-
49 -55070 20.4

Is
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TABLE 28 MODULATED CARRIER SPECTRAL DATA
As25 5=0690 Caleso DuO.10

N .. MAGNITUD PHASE
_DB) fDEG)

0 - -296•3 .0
1 -34.69 173.9
2 -28678 -9.7
3 -34.74 161.9
4 -20.63 -19.5
5 -34.82 V.9.8
6 -,28.38 -29.4
7 -34.96 137.7
a -28003 "39.4
9 -35.14 125.6

10' -2-7-036- --'-,49.6
_11 -35039 113.4

13 -35.69 101.4
142618 -70.5
15 -36.05 89.4

16 -25*15 -81.1
__17_..... -36.46 77.6

18 -23.73 -91.8
_ _ _ _19 -36.92 65.9

•250 -21*62 0.5-10ov
21 -37*40 54.3
22 -16.05 -113.0
23 -37.91 42o8
24 -9.44 -123.6
25 -6*21 -12864
26 -10O45 45.8
27 -39.04 19.6
28 -21.09 35.3
29 -39o69 7.7
30 -26.73 25.1
31 -40s42 -4.2
32 -30.98 15.3
33 -41.25 -16.234 -34.62 6.1

35 -42.20 -28.1
36 - -37.93 -2.0
37 -43.27 -39.7
38 -41.04 -9.0
39 -44.45 -5008

41 _ -45,73 -61.3
_-42 -46.72 -18.2

43 -47.09 -71.1
44 -49.22 -20.5

_45 -48.51 -80.2
46 -51.43 -21.6
47 -49&97 -80.4
48 5•3033 -- 3
49 -51.45 -9509

I -
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TABLE 29 MODULATED CARRIER SPECTRAL DATA
Au25 B2O,90 Ca1.80 DmOo20

_....- MAGNITUDE PHASE
IDB) IDEG)""- -•4o34 30 0

__________________ 1 -24.72 170.5 ___ __

-43*32 -3o9
-3 -24.70 151.5

5 -24o64 132.3
6 --- 58433 ...--- 1J-i-07- -
7 -24.58 112.7
-1-3 69 -52.1
"9 -24.52 92.4

11 -24.50 71.4"1-7- -O ?-' e.. - 97-69
13 -24.55 49.5
14 -28o4S -122.2
15 -24.72 26.8
16 -2-60-1-6 ý14
17 -25.09 3.2
is ;-- 523o85 -17fis
19 -25.69 -20.7
ZO "ZJoZ5 IZlj5 16-__o_
21 -26.53 -44,5

23 -27.52 -67o8
* - - -9.2 -- 115-9*

25 -6.66 103o2
26 -10o81 -8903
27 -29.90 -115.7
.28 "-22.60 -111.3
29 -31.57 -140.7
30 -;3-0 -12;9
31 -33.76 -165.3
32 -36.82 -140.3
33 -36.47 172.1
34 -41.3 Gmjj,560
35 -39o56 153.1
"36 -4552 -I13.2
37 -42o81 138o2

39 -45.98 127.3
-"40- -48370 -136-8

41 -48.87 119.5
-..... .. -2 -sO;'l .. . -rI '.6 -

43 -51l41 11307
44 -5Z32 -15ZO5
45 -53.62 108.5

--- 47 -55.61 103.3
49 -07 46 95o
49 -57.46 98.0_____

jig" -"-' --- - -ýd~~ . ~~
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TABLE 30 MODULATED CARRIER SPECTRAL DATA
A=25 B6O.90 CubeD8 DuOo40

N MAGNITUDE PHASE
_DB) (DEG)

0-22.58 160.00
I -27.50 -19.2
2 -22.46 144.6

-3 -28.o21-58.30
4 -22o15 108.7

- 5 -2984 .- 9905
6 -2102. 72.1
7 -33o09 -147.3
8 ---- 2-Fo3 0 -- o3 ----

9 -38669 132o8
i6 -21005 -5.1
11 -34:22 17o5
12 -21.16 -46.6
13 -27.59 -43.2
14 -21.96 -91.24_is 15 -23.29 -92.8 ....
16 -24.09 -141.5
_17 - -20.39 -141.6 __

18 -29.20 148.4
19 -18.58 167.9
20 -28o37 5o4

_-21 -18.00 115.4
~22 ~ lt-ba.TI, -74*-2-

-- 23 -18081 63.8
24 -9.03 -130.3
25 -7.83 -153.4
26 11o6l -02
.27 -23.01 -370.

-__- 428 62859 -- 35.9
f 29 -28.22 -7*4

30 -37.67 -5.3
31 -35.39 -118.5
32 -3078 -16.5
3s -41.44 -126.7
34 -42.32 -36.6

""35 -44.98 -132.6
36 -46.23 -50.2

__37 -47o99 -143,2
18 -49.65 -60ol

39 -51005 -154.0
40 -42066 -69.2
41 -54:02 -163:442 -5,sed ... --,O7";-
43 -56.82 -171.7
44 -- 86&3
45 -59.50 -17903
46 -- W•W -";.-0"-F-
47 -62.06 173o6

.-- ---- .49- ;-63.01-3006

49 -64953 167o4

-


