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Evaluation

The Intrasystem Electromagnetic Compatibility Analysis Program
(IEMCAP) is quickly becoming the most used EMC analysis tool to
analyze the intrasystem compatibility of Air Force systems. In order
to make the program easier to use, this report has summarized, in a
short document, all the data necessary to describe the emitter ports
in an IEMCAP analysis. This information will be used by the EMC
engineer responsible for performing the IEMCAP analysis. This effort

is in support of TPO R4C, Flectromagnetic Compatibility.

| CZM/? Bostid™

AMFS C. BRODOCK/PRCJECT ENGINEER
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I. Introduction:

The purpose of this document is to provide a summary of some
of the important data input parameters for the emitter models in [EMCAP
(Intrasystem Electromagnetic Compatibility Analysis Program). Two
types of emitter models will be considered: Signal/Control Line Models
and RF Models. The program contains models for other emitters (Power
Lines, Electro Explosive Devices and Equipment Cases).

The format of this summary will consist of a timz-domain
picture of a typical signal followed by the definitions of the required
input paramsaters in terms of the time-domain parameters.

For Signal/Control Line Models and RF Models, certain frequency
parameters in the input data define the required frequency range for the
port associated with the model. Over the required frequency range, the
spectrum is defined by the appropriate model (stored in the code) and is
not adjustable by the program., Over the remaining frequency range the
spectrum is defined by the (user selected) MIL-STD limit, e.g.
MIL-STD-461, and these spectra may be adjusted by the program for
compatibility.

For Signal Control Line Models, the input parameters are f,
and f. The required frequency range is from fy to fh.

For RF Models, the input parameters are fy, f, and bwc (channel

bandwidth). The required frequency range is from




fz-% bwc - fh"'% bwc

To provide the user with guidelines for selecting these parameters,
the following criterion was chosen. The required frequency range was
chosen such that the area under the power spectral density curve (as
stored in the code) within this range is at least 95% of the total area under
the curve. This criterion is reasonable since receptors respond to the
total power within their passbands. For proper system operation, we should
therefore attempt to insure that the major portions of the desired trans-

missions of the emitters are not designated as unrequired(and therefore

adjustable).
As an example,consider the Signal/Control Line Models (PDM,
NRZPCM, BPPCM, PPM, RECTPL, PAM) which have power spectral

densities (which we have normalized to a peak value of unity) of the form

Wa H—S/ Hert 3




The total area under the curve can be shown to be 2f by straightforward
integration from f = 0 to f = », The area under the curve between f = 0
and f = k f,; can be shown to be (2 - 1/k)f,. Selecting k such that 95%
of the area under the curve is between f = 0 and f = k fi, vields a value

| of k = 10. Therefore f; and f, were selected as fy = 30 Hz (the program
only considers frequencies down to 30 Hz) and f,, = 10f,,.

For the RF versions of these models where the above Signal/

Control Line waveforms amplitude modulate a carrier of frequency f_,
the power spectral density curves (again normalized to a maximum

amplitude of unity) are of the form

| watts / et 3

Rl

BPrequency)

Applying the above analysis of the Signal/Control Line Model to this and
disregarding the fact that the curve does not go to zero at f = 0 as it

does at f = », we obtain for the required range 20f,, (twice the required

- Ju




range for the Signal/Control Line Model). The parameter bwc defines
this range so we chcose bwe = 20 f,,,. For all of these models (PDM,
NRZPCM, BPPCM, PPM, RECTPL, PAM) the curves will have
identical shapes; only the values of f, will differ.

For the remaining Signal/Control Line Models and RF Models,
the same technique was employed., However, for a few of the models+,
the areas under the curves could not be obtained in terms of general
parameters .+r

The frequencies which the program associates with each port
of an equipment are input by the user in a frequency table (the FQTBL
card). The values of the emitter and receptor spectra for all ports
within this equipment at only those frequencies in the frequency table
represent the port spectra. The actual values which are used, however,
are the quantized values of the spectra. The quantized levels are the
largest values for an emitter spectrum (smallest values for a receptor
spectrum) within a range of halfway between the frequency and the
next lower frequency and halfway between the frequency and the next
higher frequency. To provide the user with guidelines for selecting
the entries in the equipment frequency table such that the quantized
spectra closely approximate the actual spectra ,a list of frequencies
for each type of emitter model follows each input parameter description.
The entries on the equipment frequency table card (FQTBL) should

contain the suggested frequencies for all ports in the equipment,

4‘For SAWTOOTH (S/C) and DAMPED SINUSOID (S/C), the criterion was to
choose f such that the power spectral density curves are down by
approximarkely 20 dB from their peak values. For BINARY FSK (RF), bwc
was chosen such that the power spectral density curve is down by 20dB
from its peak value.

il
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Certain additional frequencies are required so that the tranmsition be-

tween the model curve in the required region and the MIL-STD limit in the

nonrequired region will be correctly modeled. Consider the following example

of a Signal/Control line emitter port: i
4
1
y
{ ,
o ,
'p\: 1
H———— ¥
¢ 1
‘ E
:; N ;
g MIL-STD 5
\ L
Five frequencies 30Hz, fl’ fz, f3, fh are selected for the required region.
The next nearest frequencies (perhaps selected for some other port of the i
equipment which also contains this emitter), fa and fb’ are in the nonrequired
range for this emitter. The actual quantized curve used by the code is shown E
by a dashed line. Note that the repres-ntation of the MIL-STD limit from fh %
to fa is not very good. To fix this, we may add an additional frequency, fNR’ to
the frequency table which is to the right of £ and as close as possible to i

f This results in:

£




o3
x
»
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h_———-.———__n‘

and fNR brings the curve in the required region down to the curve in the non-
required region very abruptly and produces a better representation than be-

fore; the closer fyg is to fh’ the better. We may choose this additional

frequency to be

-~P
= +
fNR fh (1 10 )

where P is a precision constant to be selected and P depends on the machine

being used. TFor example, on an IBM 370/165 computer, we might choose

fyr = (1.000001) £y




Therefore, P = 6. For example, if fh = 2000Hz, then fNR = 2000.002. If we
had chosen P = 9, fNR = 2000.000002 but in single precision on this machine
we would have fNR = 2000.000 since only approximately 7 decimal digits can be
accommodated on an IBM 370/165 in single precision.

An additional case may also occur for which we obtain equally poor re-
sults even though fNR has been added. Suppose the MIL-STD limit is above the

model curve at fh' For example:

MIL-STD

and a poor representation occurs at f We could correct this by adding on

he
additional frequency fR, immediately preceeding fh and as close as possible to

fh. This would result in:




and we have managed to obtain a better representation of the curve in the
vicinity of fh. Again we want to place fR as close as possible to fh and the
closeness will depend on the particular machine being used.

For RF models, we will need to add four additional frequencies to the
frequency table: one pair immediately to the right and left of the highest

frequency in the required range and one pair immediately to the right and left

of the lowest frequency in the required range. For example:

-—’//////// \\\::i:;\jif: Mode |

! {
| |
| \
! '
) )
| t
L™ \
-Flv : ;'1—‘7 -
( required range )
s e nly
| bwe '




These additional frequencies are included in the suggested list of fre-
quencies to be included in the frequency table in terms of the particular ma~
chine precision constant P:

the maximum number of decimal digits which can
P be accommodated by the particular machine being
used
The frequencies suggested for inclusion in the frequency table must be listed
in this table sequentially in terms of increasing value. For example, if
three of the frequencies to be included in this table are 100Hz, 300Hz, and
4000Hz, these must be punched on the FQTBL card in the order

FQTBL = ——-——-, 100, 300, 4000, ——-

NOT

FQTBL = —==——- , 300, 100, 4000, ~--

Bt




II. Signal/Control Line (S/C) Models:

The Signal/Control Line (S/C) Models are included to model the
power spectral densities of rmitters which transmit information over
wires via cable bundles. For example, a typical emitter and its intended

load are shown below.

wire wi'HA

Emitter 3'““ rEhesn Load
Rs | T+)
i — .
! V(&) Generotor o
= Circu: E

AT e

a vound P lane

The wire-to-wire coupling portion of the program computes the induced
voltage into a receptor circuit due to voltage V(t) (or current I(t)). This
coupling occurs when the wire6) comprising the receptor circuitare
routed in the cable bundle containing the generator circuit wire.

The signal/control line waveforms discussed in this section are
either V(t) or I(t) (the program handles either one and the user desig-
nates which units are intended in the input data by specifying VLTS or
AMPS). This is an important distinction, The required parameters
are associated with the waveform V(t) or I(t) produced at the output of

the device when it is connected to its designated load.

-10-




Pulse Duration Modulation

(PDM)

V() or T(¢)

7
/

NN\

-I\\\

T T 3T 5T
| 1 ! : 6T
= T —pe—T -:
- ]
Required Input Parameaters:
a = volts/amps into designated load, Ry,
/ 1
rp, = Dbit rate Krb = T> (Hertz)
fz = 30 Hz
fn, = 5.51 rp, Hz
Frequency Table (Hz):
£,, If., JIE, 56, 556, £,5 £ (1 4 10°)
94’ i h’ £ h’ . h’ L h’ h’ h —
]

o s i

A i i

t (sec)




Pulse Code Modulation - Non Return to Zero

V() or I(¢) (NRZPCM)
gt : 0 il E Pl
.' | | | I
// / // i
ar 3T 5T er tled)

T T
State T state I State I State X % state I state T

Required Input Parameters:

a = volts/amps into designated load, Ry,
ry, = bit rate (r el ) (Hertz)

: b T

g ' fz = 30 Hz
fh = 30 18 rb Hz

Frequency Table (Hz):

fo0 16, .26, 356, 556, €, f (1+107)

=12~




Pulsec Code Modulation - Biphase

V“.) o 1-([;) (BPPCM) 1
! | | |
(e ' | ,'
i |
20 em /

~
i
/

e € s B i, i

e
(1-em)a //:// //i/

]
|
T
State I L Stater a7 state I 37 State

.>\_.\__\__\

|
|

|

(

|

|

d |
|

i

|

l

|

|

I;r Hsed)

Required Input Parameters:

a = volts/amps into designated load, Ry,
em = modulation index
S R
rp = Dbit rate (rb = T (Hertz)
fz = 30 Hz
f, = 10 r, Hz

Frequency Table (Hz):

=13




Pulse Position Modulation
(PPM)

V(@) or T(¢)

~N
t
|
»
¢
n

-»T . <

SO\
R

S

ﬁ-i

& Required Input Parameters:

a volts /amps into designated load, Rj, 1

1
ry, = bit rate (rb = '.i,) (Hertz)

T = pulse width (seconds)
i‘ = 30 Hz
f, = 3.18/r Hz

Frequency Table (Hz):

95t , £

-P
£, JAfy, .28, .35f os B £ (13 207)

h* °

o




TELEGRAPHY

(TELEG)

i

¢ (sec)

V(t) or I(t) = m(t) cos (Zﬂftonet)

(sec) WPM = Words Per Minute

«8
F = e
o ftone = tone modulation frequency

Required Input Parameters:

& = volts/amps into designated load, Ry

wpm = words per minute 1
fione = tone modulation frequency (Hertz) ]
fy = 30 Hz

fh = (3.98 wpm + ftone) Hz

Frequency Table (Hz):

i i '

R~ O frone * O

2, «1fps o2 £y, 356, for frone’ frone * -398wpm,
-p

.55f, £, fn (1 £ 1070) frone * -8vpm, £, + 1.4wpm,

-P
frone * 2.2wpm, fy, £ (1 +107)

Note: Omit frequencies < 30Hz

-15-




Pulse Amplitude Modulation

(PAM)

This model represents N signals which are sequentially sampled
every NT seconds. T is the time interval between samples. The
amplitude of each pulse is the amplitude of the sampled signal at that
time and the pulse width of the sampling pulse is T. The sample values

I5)
Ce

are assumad to be Gaussian random variables with variance

V(#) or TH

' qthsig

nd siq

Istsig Istsig

/ P 4
~ 3rdsiq /i / & dsig
| A s T 3

T ar 3T 4T = T ,4

Required Input Parameters:

1/2

a = < ch> (Volts /Amps)
2
T = width of sampling pulse (seconds) :
r, = bit rate (rb = lT > (Hertz)
f, = 30 Hz
f, = 3.18/7 Hz

Frequency Table (Hz):

fi} 'lfh’ .th, -35fh, .Sth, fh’ fh (1 i ]_O_P)
=16=




Exponential Decay Spike Pulse Train

(ESPIKE)

V(t) or T(®

¢ (sec) 1
:
Required Input Parameters:
s a = volts/amps into designated load, R,
T = decay time constant (time required to decay
to A/e) (seconds)
; 1
ry = bit rat (r = —)(Hertz)
b 1t r e b T
fz = 30 Hz
f, = 2/t Hz
Frequency Table (Hz):
-P
fo, .08fy, .16f, .26f,, .38f , .54f , .9f , f, £ (1 +107)




Rectangular Pulse Train

(RECTPL)

V@) or IV |

F

| ¥

2 il

¢ (sec)

-3

Required Input Parameters:

4 a = volts /amps into designated load, Ry,
3
] T = pulse width (seconds)
1

r, = Dbit rate ( P = T ) (Hertz)
]

f, = 30 Hz

f, = 3.18/1 Haz
i Frequency Table (Hz):

By oM, o2E . JI8% 8558 , £, £ (1 & 107

‘ -18-




L

Trapezoidal Pulse

Train

(TPZD)

,{{) or TE)

\

7

i

f

-P
p (1+107)

1§

|
[ ¢ (sec)
!
|
|
7
]
Required Input Parameters:
a = volts/amps into designated load, Ry,
rp = bit rate (rb = %.) (Hertz)
T = pulse width ('r = :.L;J) (seconds)
T - T
Ty = pulse rise/fall time (Tr = ’—T—z) (seconds)
T = v
a < 3.67 a = 3,67
fg = 30 Hz fgy = 30 Hz
fh = \3a-.1 T fh = \T3a+1.9/mr
% . &
Frequency Table (Hz): (fml /T, fro afml)
o< 3.67 a > 3.67
f f f f f f
Cml + "m2 h + ( + n)
fl’ fml’ 2 )’ fm2’(j4'i)v fh’ st fm19 'i?—'h—) fh’ fh (1 .t 10

-P

)

2

. aniindiadie b deha i

i
|
|



Triangular Pulse Train

(TRIANG)

V@) or T

¢ (sec)

Required Input Parameters:

a =  volts/amps into designated load, Ry,
1
rp, =  Dbit rate <rb S ) (Hertz)
iy =  pulse duration (seconds)
!’ fy = 30 Hz
f, = 1.08/1 He

Frequency Table (Hz):

£ , .59f 82fh,f, £ Rk &30 )

2,’ h’ ® h h —-—

o




Sawtooth Pulse Train

(SAWTH)

V) or TE)

a -
o |/
3 |
5y )
~ae- -
Ip—‘l ) € : : ¢ (sec)
p— 2T —— :
! I
e |
1 ¥ -
|
: Required Input Parameters:
a = volts /amps into designated load, Ry,
1
rp = bit rate (rb = 7T ) (Hertz)

a
T pulse width (to decay to 3 ) (seconds)

fg = 30 Hz

fh 1.52/T Hz

Frequency Table (Hz):

-P
fR,’ .13fh, -18fy, .26f, .34fh, -39, .61f 76f )

pe B B Q210

h®> °




T T

Damped Sinusoid Pulse Train

(DM PSIN)

V(#) or x(t)

N
N\

AN

-Y

ae
k.

) ¢
Z NS 0.0

\f/) \//] +(see)

/
/|
/

QN

Required Input Parameters:

a = volts /amps into designated load, Ry,
1 N,
ry = bit rate (rb = T> (Hertz)
b = frequency of sinusoid (wo = anr) (Hertz)
fi = inverse of decay constant (f[ = l) (1/seconds)
T
kg ™ 30 Hz
A 12.7fI)Hz

Frequency Table (Hz):

£ 8.4 BEy, EL 20, £ EAME, £ T6E,, £ £ 12,7 8

I’
Note: Omit frequencies < 30 Hz. (£, + 12,7 £7) A + IO-P),

-P
(f, - 12.7 fI) (1 +10 )

~22-~




Voice

(VOICE)

No input parameters. The model is based on a statistical

average of representative voice signals,

30 Hz

fy
4400 Hz

fh

Frequency Table (Hz):

30, 45, 70, 100, 200, 1000, 4000, 4400(1 + 107F)

Clipped Voice

(CVOICE)

No input parameters. The model is based on a statistical

average of representative clipped voice signals.

f 3200 Hz

h

Frequency Table (Hz):

-P
30, 50, 100, 350, 750, 1000, 3200, 3200 (1 + 10 )

37w
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III. RF Emitter Models:

These types of emitter models are intended to characterize

radio frequency transmitters which are connected to antennas.

I®)
S e
Match;
1

Ry

RAntenno
The power into the designated load, Ry, is required as one important
input parameter. If the matching network is lossless then this
quantity is directly related to the power radiated by the antenna.

The format for the RF Emitter Models will be quite similar to
the format for the Signal/Control Line Emitter Models with one
important distinction. In all of these cases a carrier frequency, f.,
is modulated by the information by either amplitude modulation of the
carrier (AM) or frequency modulation of the carrier (FM).

In amplitude modulation, we will designate the voltage, V(t),

(or current, I(t),) as

V(t) = m(t) cos (2mf.t + ¢)

Tl




where f. is the carrier frequency, ¢ is a phase angle and m(t) is the time-

domain modulation signal. A typical AM signal is shown below.

V(O eT®

» m V2 Prey
A nn Iy
KQ XJ.. ’\l X 4 (sec)

L \LJ y carri®r
o

B Only the waveform of m(t) will be shown.

{ In frequency modulation, the modulating signal varies the carrier

frequency. A typical FM signal is shown below.

N&@) or T)

MO AN
I ARVAIAYE

Again only the modulation signal, m(t), will be shown and the general

form of an FM signal is
V(t) = K cos ianct + ZTTAgm(T)d'r}

where A is the frequency deviation constant and f. is the carrier frequency.
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Continuous Wave

(CW)

This models a single frequency sinusoidal waveform:

V(t) = acos (2 fot)

Required Input Parameters:

ft = fy = f. (Hertz)

i} al Multiply by l/RL if V(t) is a voltage ¥
P = = (Watts) and R, if V(t) is a current }
bwc= 1 (Hertz)

Frequency Table (Hz):

~26-




Pulse Duration Modulation/AM

(PDM)

Waveform is:

V(t) = m(t) cos (2mf.t + @) i

m(t) is PDM S/C modulation:

m(¢)

AN
N
= \\\

| 1; ::T 3T 4 5T T t (sec)
!-— T —ope— T
x )

L4

i

I

,i

Required Input Parameters:

'L f, = fn = carrier frequency f. (Hertz)

Multiply by l/RL if V(t) is a voltage}
and RL if V(t) is a current

2
a
p =2 (Watts) {

1
Th bit rate of modulation (rb = ?> (Hertz)

bwc =11.03 ry, (Hertz)

i Frequency Table (Hz):

fc’ fc + .05bwe, fc + .1lbwe, fc + .175bwc, fc + .275 bwe, fc + .5bwe s

-P
(f, + .5 bwe) (1+10), (£ - .5 bwe) (1 +107F)

1-




Pulse Code Modulation - Non Return to Zero/AM

(NRZPCM)

Waveform is:
V(1) = m(t) cos (2mict + @)

m(t) is PCM-NRZ S/C modulation:

i m({‘) :
{ | ) ! { ! 0
& [ . 0 : fr i :
: l | . :
4 // / ///
f = // Ay // .
T T T ¢ (sec)
Sfate T state I ¢ state I = State T o state I ik state I &
1 Required Input Parameters: i
fg = 8 = carrier frequency f_ (Hertz)

al {Multiply by l/RL if V(t) is a voltage}
P 5 (Watts) Wand Ry if V(t) is'a current

1
bit rate of modulation \rp = T (Hertz)

b
bwc = 6.37 rp (Hertz)

Frequency Table (Hz):

foo fo * .05bwe, £, + .1lbwe, £, * .175bwe, £, * .275bwc, £, * . 5bwe,

P
(£ + .5 bue) (1+107), (£, - .5 bwe) (1+107)
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Pulse Code Modulation - Biphase/AM

(BPPCM)

Waveform is:
V(t) = m(t) cos (2nf.t + @)
m(t) is PCM-Biphase S/C modulation:

m(t)

0 r
|

o

___\_\j\\ .

-——— b

{iyemi

Pl
| /
| Cl-ema / u
ok A

1

NS

P

/
/
“
o

!
[
|
[
|
I
|
[
!
T
(
|
f

|
¥ \
Statex | stoter 2" staten 37 stutexdT ¢ (sec)
- Required Input Parameters:
fz = f, = carrier frequency f. (Hertz)
2 Multiply by l/RL if V(t) is a voltage}
P = .3'7 (Watts) and RL if V(t) is a current
1
rp = bit rate of modulation (rb = ?) (Hertz)

em= modulation index

bwe = 20 ry (Hertz)

Frequency Table (Hz):

£.» fo + .05bwe, £+ .lbwc, £, + .175bwe, £ + .275bwc, fc + .5bwc,

(£, + .5 bue) (1 +107T), (£, - .5 bwe) (1+107)
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Pulse Position Modulation/AM

(PPM)

Waveform is:
V(t) = m(t) cos (2mict + @)

m(t) is PDM S/C modulation:

m ()

s
NN\

.

\ . "T aT 3'T 4T ¢ (sec ) W

Required Input Parameters:

fy = fp = carrier frequency f¢ (Hertz)

Multiply by 1/R_ if V(t) is a voltage }

2
p = a“ (Watts) and R if V(t) is'a current

Th bit rate of modulation (rb = -'l.I") (Hertz)
T = pulse width (seconds)

bwc = 6,37/7 (Hertz)

Frequency Table (Hz):

f., £, * .O5bwe, £, + .lbwe, £, + .175 bwe, £, * .275 bwe, £, + .5 bwc,

(Fe + .5 bwe) (1+107), (£, - .5 bwe) (1 #1070
-30-
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Lelepraphy /AM
(TELEG)
Waveform is:
V(t) = m(t) cos (Z"ftonet)

cos (Zﬂfct)

where m{t) is a sequence of trapezoidal pulses:

m ()

WPM

= (sec)

Required Input Parameters:

1'tone

¢t (sec)

WPM = Words Per Mir ite

= tone modulation frequency

fl. = fl, = carrier frequency f. (Hertz)
2 Multiply by 1/R_ if V(1) is a vollauc}
P a o
po= = Awane) Ry if V(1) is'a current

wpm = Words Per Minute

ftone = fyone (Hertz)

bwe = 7.96wpm *¥2f cone

Frequency Table ('iz):

f

f

f

c
(f
c

(f,

I+

=0

tone

ok .398wpm, f. + .8wpm, f. + .1.4upm,

2.2wpm, fc + 3.98uwpm

+ 3.98 wpm) (1 + 107y,
-P

3.98 wpm) (1 + 10 °)

w3le

f

tone # 0

fc' fc + (.398wpm + ftone)’ fc +

(.8wpm + f o X (1.4wpm +

tone)’

ftone)' fc + (2.2wpm + f ) £

tone

(3.98wpm + ftone), (f. + 3,98 wpm +

f ) (1

tone
-P
feone) (1 £ 107)

1+

10-P), (f_ - 3.98 wpm -




Binary Frequency Shift Keying /FM

(FSK)

Waveform is:

t
V(t) = a cos [anct + Awg m(t') dt' + ([l]
t

V)

(o]

where m(t) is a binary waveform which can assume the values of +1 or
-1 with probability 0.5. Transitions in frequency <between fo & ZLS: >

are separated by the bit interval T.

Required Input Parameters:

: f1 + f2
fg = fp = carrier frequency = e (Hertz)
2 : : L
p = & (Watts) Multlply. by 1/3L if V(t} is a voltage
and RL if V(t) is a qurrent

Ty = bit rate (T ) (seconds)
diff =|f1 - f?_I (Hertz)

(continued)
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(PSK)
diff > —-‘2‘-- r: QUF < —t 7
| 2 D "
40r, 20r 1/3
% buc = /ﬁff(diff + 2" ) bwe = diffﬁnfu —b (2 diff,
; ™ ™ ™ rb

Frequency Table (liz):

£, f +[a+.258], f + [a+ .58],
(&3 () c
fotla+.758), £ + [o + 8],

Cc

(€. +a+f) (1 + 10'P), (. -a-8) (1% 10'P)

Fant g
1 2
fC .
2
4
4 diff ° ot
. f— “2 b
% 4r
o - diff g1k Zb
2 mediff
6 bwc a
2
4
diff < =— r :
4 1'|'2 b
=
1+ 2r 2diff
3
a = g—!‘i{. ( b ) ( -..__...__)
2 wdiff nr

E

X
3




Pulse Amplitude Modulation/FM

(PAMFM)

The PAMFM signal is a carrier which is frequency modulated

by the PAM S/C modulation. a is the amplitude of the FM carrier, N

signals are sampled, f,, is the maximum frequency of the information

in each sample, 0 is the variance of each sample, and 7 is the

sampling pulse width.

Required Input Parameters:

2

p=a Nf, 7T (Watts)
df = 30
bwc = 40 (Hertz)

Frequency Table (Hz):

f.»

A

Multiply by 1/R
and RL if V(t) is a current

sl Zhencl o Jic

if V(t) is a vollaga}

-p -p
f 20, £, 220, (£, +20) (1410 ), (£, -20) (1 +10)

s A
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RADAR

Rectag&ular Pulse

(RADAR, RECTPL)

Waveform is:
V(t) = m(t) cos (27 f. t + @)

m(t) is Rectangular Pulse Train S/C modulation:

m(t)

o~

F— ( ———

@ S

‘ 'rA T o é (sec)
' !

Required Input Parameters:

fg = f = carrier frequency f. (Hertz)

P = % (ects; il;uri{p;yiszf(ltﬁs :fczi't:einsta voltage}
ry, = bit rate of modulation (rb = %) (Hertz)

T = pulse width (seconds)

bwc =6.37/T1 (Hertz)

Frequency Table (Hz):

L fc + .05bwc, fC + .lbwc, fc + .175bwc, fc + .275bwc, fc + .5bwc,

(F, + .5 bwe) (14 107), (£, - .5 bwe) (1 +107)
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: PRACTICABLA
THIS PAGE IS BEST QUALITY

- FROM COPY FURNISHED T0 DDC ——

Trapezoidal Pulse

(RADAR, TPZD)

Waveform is:
V(t) = m(t) cos (2m fo t + ¢
m(t) is a Trapezoidal Pulse Train S/C modulation

with unequal rise and fall times:

|
l ¢(sec)
|
|
i
Required Input Parameters:
it = fh = carrier frequency f. (Hertz) o
al {Multiply by 1/R; if V(t) is a voltage}
B o (Watts) and Ry if V(t) is a current
rp = Dbit rate of modulation (rb = lT) (Hertz)
T = modulation pulse width (between half amplitude levels)(seconds)
Ty = modulation pulse rise time (seconds)
1¢ = mmodulation pulse fall time (seconds)
270 T
¢ = ( r fv
T + 7
a s 3.67 oa = 3,67
1_\1/3 2a A ( 60!_) L1
Ll (.3¢x B mT 2t Sa+ 1.9/ nr7
Frequency Table (Hz): (F, = Lm0 £ = Of)
a< 3.67 a > 3.67
fml + fm2 - b 1
foo £+ L9, fo + (——F—— bve o _ml
e fe & fgq £o X 5, o f b 0 8 3 (R4 By,
T ' -
Pk fpe fo v (s fu2y g 4 buc, £ 4 b—‘z’ﬁ L (F, + 1S (110 i
- W -P e -pP -
('(_ i !--;,--) (1o '). (f:: - !'_'2’_") (1 +10 l) (fc - ‘L‘z‘;_c) (L +10 P)

w3 G

i it .




RADAR

Cosine-Squared Pulse

(RADAR, COSQD)

Waveform is:
V(t) = m(t) cos (2m fo + @)

m(t) is a train of pulses of the form:

N

7

~
£
7

e

— - £ )
-T,
/a : TA t(sec)
- at
(
2 (mt
m(t) = a cos (7> -T<Sts T
Required Input Parameters:
fy = f, = carrier frequency f. (Hertz)
2 Multiply by 1/R_ if V(t) is a volta
- @ ge
S 2 (Watts) and Ry if V(t) ig"a current }

Ty bit rate of modulation (rb = %.) (Hertz)

T {nodulatxon pulse width (between half amplitude levels)

seconds)
bwc= .87/t (Hertz)

Frequency Table (Hz):

fo £, % 39bwe, £+ .43bwc, £+ .4Tbuc, £+ .Sbwe, (£, + .5 bwe) (1 +107T),

(f - .5bwc) (1% 107")

=37~




RADAR

Gaussian Pulse

(RADAR, GAUSS)

Waveform is:

V() = m(t) cos (2nf. t + @)

m(t) is a train of pulses of the form:

ra ()
oot
\ 1// /"l—' '; """- “'\ /
\ 3 e 5 S .,’;,.\ /
\ A
/ / ' 7 { /’ Y, /
XA e T .
{ i : oy
¥ o | 7 ¢ (sec)
| b i |
2y 2n(2) - )
= n -
= : e Tete I
m(t) = a e i) 2 2
Required Input Parameters:
f, = fp = carrier frequency f. (Hertz)
2 Multiply by 1/R_ if V(t) i voltage
=a Yy by 3 1s a g
P = (Watts) and RL if V(t) ié"a current }
: : 1
rp = bit rate of modulation Ty, = T (Hertz)
T = modulation pulse width (between half

amplitude levels) (seconds)
bwc=1.06/7 (Hertz)

Frequency Table (Hz):

fer £, * .1bwe, £, + .24bwc, £ + .38bwe, £, + .Sbwc, (f, + .5 bwe) (1 + 107"y,

{4

SUps (£ - 5bwe) (1+107)
8 -




THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TODDG
RADAR

Chirp
(RADAR, CUIRP)

Waveform is:

V(t) = m(t) cos [2n (f + Bt )t
0 21b
0 S$b< 1b

m(t) is a train of pulses of the form:

m ()

M= f(v.(y'."l‘;iug
G e
veq e 11

T4 | 843
| |
! |
O B R
b} | |
I |
! ! ! o
'o— 'Z"_ —-v: :—t— T# -——"'I : 4 (SCC )
: i i i |
-~ 4, = :
A
I o |
"'reiuc"ﬁd deviation is of the {orm;
N ’t‘r.-.‘% = 'F F .pC
-~ ﬁ(tr‘ g )
F e it = Bl e

M="'| Jr:(‘v'f‘”Sc\‘Cj
'Cv 67 Uf‘l"-C(#

Required Tnput Parameters:

f, = f. = carrier frequecny fc (llertz)

L h
Multiply by 1/R if V(t) ‘s a volLage} A~

aZ
2 and RL if V(t) Is a current

p = o (WArTS) {

r, = bit rate of modulation (rb = -.}—. ) (Hertz)

b

T = modulation pulse width (between half amplitude
levels) (seconds) 1

Tr = modulation pulse rise time (seconds)
g

per = pulsc compression ratio (negative if decrcasing frequency)

= modulation pulse fall time (scconds) 1

- C\b

NOTE:  bwe and the entrics in FQTRL were uot obtained for this nodel duce the com-
plicated nature of- the spectrun.




AMPLITUDE MODULATION

VOICE CVOICE

( . I) Double Sideband (AM):

Waveform is:

V(i) = a(l + emm(t)) cos (2m f. t + @)
bwc (Hertz) = 8800 6400 ’
( II) Double Sideband Suppressed Carrier (DSBSC):

Waveform is:

V(t) = am(t) cos (2mi. t + @)

bwc (Hertz) = 8800 6400
(III) Single Sideband, Lower (LSSB): |
Waveform is as in (II) with upper sideband eliminated.
bwc (Hertz) = 4400 3200
: (IV) Single Sideband, Upper (USSB):
Waveform is as in (II) with lower sideband eliminated.
bwc (Hertz) = 4400 3200
Required Input Parameters: .
A fy
4 = the transmitter tuning range (Hertz)
fh fg < fc < fp
p - E_E (Watts) Multiply. by 1/3L if V(t; 1s a voltage }
2 and RL if V(t) is a current
i em = modulation index0 < em < 1
SIG = VOICE (voice)
CVOICE (clipped voice) m(t)
NONVCE (nonvoice)
i b = bandwidth of modulation (3dB) if SIG = NONVCE, (Hertz)
If SIG § NONVCE, modulation bandwidth generated
b in code and b is not used. Use a 0 placeholder in
Lo (continued)




[ |
E |
i

———

Frequency Table (Hz):

(1)

(11)

(-1I1)

(1)

CVOICE

Double Sideband (AM):

VOICE

-P
gl = 5 : £, - 440 1+1o
fo» £, - 100, £, - 200, £, - 1000, £, = 4000, £, - 4400, (fy - 4400) ( )

£y, + 100, £, + 200, £, + 1000, £, + 4000, f, + 4400, (f + 4400) (1 + 10 )
CVOICE

for £g - 350, £y - 750, £, - 3200, (£, - 3200) (1 + 10°F)
fp + 350, £y + 750, £ + 3200, (£, + 3200) (1 + 10F)
Double Sideband Suppressed Carrier (DSBSC) :

VOICE

fg - 100, £, - 200, £, - 1000, £, - 4000, £, - 4400, (£, - 4400) (1 +107)
£, + 100, £, + 200, £, + 1000, £, + 4000, £, + 4400, (f, + a400) (@ +107P)
CVOICE

-P
- - - - +
£, - 350, £, - 750, £, - 3200. (fz 3200) (1 +107)

fy, + 350, £ + 750, £ + 3200, (f, + 3200) (1 + 10°F)
Single Sideband, Lower (LSSB):

VOICE
-P
fh’ £, - 100, f, -200, f, - 1000, f, -~°4000, £, - 4400, (fl- 4400) (1 +10 ),

£ %10
CVOICE

-P -P
fn» £, - 350, £, - 750, £, - 3200, (£, - 3200) (1 +10 ), £ (1+107)

Single Sideband, Upper (USSB):
VOICE

; -P
f ’
fl' fh + 100, fh + 200, fh + 1000, fh + 4000, fh + 4400, ( h + 4400) (1 +10 )

-P
£, (Q+107)

-p -P
£,0 £ + 350, £ + 750, £+ 3200, (f, +3200) (1+107), £, (1 +107)




FREQUENCY MODULATION

(FM)
waveform is:
t
V(t) = a cos[2nfct + ZnA‘f m(t) dt + 0]

where m(t) is the random modulating signal (VOICE, CLIPPED VOICE,
NONVOICE) and O is a random variable independent of m(t) with

uniform distribution over (0, 2m)

Required Input Parameters:

f2 = fh = carrier frequency fC (Hertz)

2

_%_ (WATTS) {Multiply by 1/R if V(t) is a voltage}

and RL if V(t) is a current

e
o

6 dB bandwidth of modulating signal if NONVOICE

o
]

(Hertz). If VOICE, b = 712. 1If CLIPPED VOICE,

b = 622,

df = maximum frequency deviation from carrier (Hertz)

[}

bwe 2(df + b)

Frequency Table (Hz): (Bpy = df + b)

2B
£ £, * B £ # 1.375Bpy, £+ 1.75Bp, £+ 2By s

-P - -P
(fc + ZBFM) 2+ 10", (fC ZBFM) (1 * 107)
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MISSION
of
Rome Air Development Center
RADC plans and conducts research, exploratory and advanced

dm.lopant programs in command, control, and communications
(c3) activities, and in the ¢’ areas of informatior sciences
and intelligence. The principal technical mission areas
are communications, electromagnetic guidance and control,
survelllance of ground and aerospace objects, intelligence
data collection and handling, information system technology,
donospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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