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Evaluation

The Intrasystem Electromagnetic Compatibility Analysis Program

(1EMCAP ) 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 IEHCAP analysis. This information will be used by the EMC

engineer responsible for performing the IEMCAP analysis. This effort

is in support of TPO R4C , Eleetromagne ’1c Compatibility.

~~~AX~S C. BRODOCK/PRCJECT ENGINEER
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I. Introduction:

The purpose of thi s document is to provide a summary of some

of the important data input pa rame te r s  for the emi t te r  models in IEMCA P

(In t rasys tem Elect romagne t ic  Compatibili ty Analys is  Frog r im) .  Two

types of emit ter  models will be cons idered:  S ignal/ Contro l  Line Models

and RF Models.  The program contains models for  other  emi t t e r s  (Powe r

Line s , Electro Exp losive Devices and Equipment Cases) .

The fo rmat of this summary will cons is t  of a t ime-doma in

p ic tu r e  of a typ ical signa l followed by the def ini t ions  of the requi red

input pa r ame te r s  in terms of the t ime-domain  parameters .

For Signal /Control  Line Models and RF Models , ce r t a in  f requency

parameter s  in the input data define the required f requency range for  th~

port  associated with the model. Over the r equ i r ed  f requency  r ange , the

spectrum ~s defined by the appropriate model ( s to red  in the code) and is

not adjustable by the program. Over the remaining f requency range the

spectrum is defined by the (user  selected)  MIL-STD l imit , e. g.

MIL-STD-46 1 , and these spectra may be ad jus ted  by the program for

compat ib i l i ty .

For Signal Control Line Models , the inpu t parameters  a r e

and 
~h• The requ i red  f requency  r ange  s from ~L to 1h•

For RF Models , the input pa ramete r s  are  f~~, 1h and bwc (channel

bandwidth).  The requi red  f requency range is from

— 1—
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bwc ~ f h + ~ bwc

To provide the user  with  guidelines for  select ing these parameters)

the following c ri t e r ion  was chosen.  The requi red  f requency  range was

chosen such tha t the area under  the power spec t ra l  dens i ty  cu rve  (as

stored in the code) within this  range is a t  least  95% of the total  a r ea  under

the curve . This criterion is reasonable since receptors respond to the

tota l power within their passbands. For proper system operation , we should

the refore attempt to insure that  the major portions of the desired trans-

missions of the emitters are not desi gnated as unrequired(and therefore

adjustable) .

As  an exa mple,consider  the S igna l /Con t ro l  Line Models (PDM ,

NR Z PCM , BPPCM , PPM , RE CTPL , PAM) which have powe r spectral

dens i t ies  (which we have normal ized  to a peak va lue of uni ty)  of the form

hi) “ -
S — __ .._____~~__.~~ k —- - —  — -~ . ~‘ ~~~~~~~~~~~~~ v~~~Li..... .. ~~~ ,, ~~~~~~~~~~~~~~~~~~ ~~~ , ~~~~~~,
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The tota l area under the curve can be shown to be 2
~m by s t r a i g h t f o r w a r d

integrat ion from I = 0 to I ~~ . The area under the curve  between f 0

and f = k 
~m can be shown to be (2 - 1 /k)f m. Selecting k such tha t 95%

of the area under the curve is between f = 0 and I k 1m y ields a value

of k = 10. Therefore  f ~ and lb we re selected as f~ 30 Hz (the p rogram

only cons iders  f requenc ies  down to 30 Hz) and 
~h =

For the RF versions of these models where the above Si gnal/

Control  Line waveforms amp li tude modulate  a ca r r i e r  of f requency  f
~

,

the power spectral  densi ty curves  (again normalized to a maximum

amplitude of uni ty)  are of the form

I W 5/1.j~~j~

• 
- 

+ 
~ 

)

A pplying the above analys is  of the Si gna l /Con t ro l  Line Model to this  and

d i s r ega rd ing  the fac t  that  the curve does not go to zero a t  f = 0 as i t

does at f = ~~, we obtain for the r equ i red  range 20cm (twice  the r e q u i r e d

- 3- 
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range for the Signal/Control Line Model) .  The paramete r bwc def ines

this range so we choose bwc = 20 
~~~ 

For a ll of these  mode l s (PDM ,

NRZPCM , BPPCM , PPM , RECTPL, PAM) the curve s will have

identical shapes; only the values of 1m will d i f fe r .

For the remaining Signal/Control Line Models and RF Models ,

the same technique was employed. Howeve r , for a few of the mode l~~

the areas under the curve s could not be obtained in terms of general

•1•
parameters .  r

The f requenc ies  which the program associates  with each por t

of an equi pment are input by the user in a frequency table (the FQTBL

card) .  The values of the emitter  and receptor spectra for all  por t s

• wit h in t h is equi pment at only those frequencies in the f requency table

rep resen t  the port  spectra .  The actua l va lue s which a re  used , h owe ve r ,

are the quant ized  va lues of  the spectra . The quantized levels are the

la rges t  values for an emi t t e r  spectrum (smalles t  va lue s for a receptor

• spectrum) with in a range of halfway between the frequency and the

next  lowe r f requency  and ha l fwa y between the f requency and the next

h i g h e r f r equency .  To p rov ide  the use r  with guidelines for  se lec t ing

t h e  e n t r ie s  in the equi pment  f r e quency table such that  the q u a n t i z e d

sp e c t r a  c losel y ap p r o x i m a t e  the a c t u a l  spectra  a L i s t  of f r e q u e n c i e s

for each type of emitte r mode l follows each inpu t parameter descri ption .

The entries on the equipment frequency table card (FQTBL) should

c o n t a i n  the  s u g g e s t e d  f r e q u en c i e s  fo r  a l l  p o r t s  in the  e q u i pmen t.

‘1
For SAWTOOTH (S/ c)  and DAMPED SINUSOID ( S / C ) ,  the c r i t e r i o n  was to
choose f such t h a t  the power spectra l  dens i ty  curves are down by
approxim at’lely 20 dB f rom t h e i r  peak values.  For BINARY FSK (RF) , bwc
was chosen such t h a t  t l i c  power spec t r a l  d e n s i t y  curve is down b y 20dB
from i t s  peak va lue .

—4—
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Certain additional frequencies are required so that  the t rans i t ion  be-

tween the model curve in the required region and the MIL—STD limi t in the

nonrequi red region wil l be corr ectly modeled . Consider the following examp le

of a Signal/Control  line emitter  por t :

Quop~-~~e~ C~~rve
• ‘ p1.-~

K ~~~~~~~~~~~~~~~~~~~~~

3OM~ ~ c~ c3 
N

- 

,~~.IMIL-STD

Five frequencies 30Hz, 
~1’ ~~~ ~~~ ~h 

are selec ted for the required region.

The next nearest frequencies (perhaps selected for some other port of the

equipment which also contains this emitter), 
~a 

and 
~b’ 

are in the nonreq uired

range for this emitter. The actual quantized curve used by the code is shown

by a dashed line. Note that the repres—ntation of the MIL—STD limi t from

to 
~a 

is not very good . To fix this , we may adc~ an addi tional frequency, ~NR’ 
to

the f r eque ncy tab le wh ich is to the r igh t of 
~h and as close as ppssib le  to

This results in:

-5- 
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J~ ~ 
)( 

and 
~NR brings the curve in the required region down to the curve in the non—

required region very abruptly and produces a bet ter  representation than be—

fore ; the closer f~~ is to the better . We may choose this additional

frequency to be

f ~~ f (1 -1- 10 ’)
NR h

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

being used . For example , on an IBM 370/165 computer , we migh t choose

~NR (1.000001) 
~h

—6—
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Therefore, P = 6. For example, if = 2000Hz , then = 2000 .002. If we

had chosen P 9, f = 2000.000002 but in single precision on this machine

we would have f~~ = 2000.000 since only approximately 7 decimal d igi ts  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 f~~ has been added . Suppose the MIL— STD limit is above the

model curve at 
~h For example :

3Of1~ ~ 
4; •~s1

~%1X L- STb

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

additional frequency 
~R
’ immediately preceeding 

h 
and as close as possible to

f . This would result in:

—7— 
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3~H3 ~

and we have managed to obtain a better representation of the curve in the

vicinity of 
~~ 

Again we want to place as close as possible to and the

closeness will depend on the particular machine being used.

For RF models , we will need to add four additiona l frequencies to the

f requency table: one pair immediately to the righ t and left of the highest

frequency in the required range and one pair immediately to the righ t and left

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

— 

~~~~~~~~~~~~~~~~~~~~~ RF MoJe I

I bw c

—8—
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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,

_ _ _  ~~~~~~~ _ -  ~~~~~~~~~~~~~~~~~~~~~~~ - -  - j



ii. S i g n a l /C o n t r o l  Line ( S / C )  Model s :

The S i g na l/ C o n t r o l  Line ( S/ C )  Models  a r e  inc luded  to model t h e

pow€ r s p e ctr a l d e n si t ie s  of em i t t e r s  wh ich  t~- a n sm i t  i n f o r ma t i o n  over

w i r e s  via ca b le  I)und les . For example , a typ ica l  cmi t i e r  a n d  i t s  in tended

loa d a r e  shown be low.

1~~re ~~f4~
- 

~ fØWI4I ~e4’~’~’
R~ T(~) fi

I 1 v(t J
- 1 C;reu I- 

T 

L

/ 1 / 1 1 / 1 /  / 1/
~~v-ø~~~~ pI~ iae

The wire-to-wire coup l ing por tion  of the p ro g r a m  :orriputes the  induced

voltage into a recepto r c i r c u i t  due to voltage V ( t )  (or cu r r en t  1( t ) ) .  T h i s

coupling occurs  when the  wire~ )co mpr i s ing  the receptor  c i r c u i t  a r e

routed in the cable bundle con ta in ing  the gene r a t o r  c i r c u i t  wi re .

The s igna l/cont ro l  line wa ve f o r ma  d i s c u s s ed  in t h i s  s ec t ion  a re

ei ther  V ( t )  or 1(t)  ( the  p rogram hand le s e i t h e r  one and the  use r  desig-

nates  which uni ts  are in te n ded in the  input  data  by spec i f y ing VLTS or

AM PS ). This  is an i m p o r ta n t  d i s l i n c t i o n .  The r e q u i r ed  pa rame te rs

are associated with the waveform V(t) or 1( 1) p roduced  at t h e  output of

the device when it is connected  to t s  des igna ted  load.

—10—

~ . —. - --‘—.--— -- . .; ~ • -- —- — — - --- — ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 
-

~~
- - -_ -  .~—~~~~~~ -.---—--- •~ --——-.



Pulse Duration Modulation

(PDM )

V (t) ov T~~
)

a r 7
/  7 //~ 7

-~~~~~~~~~~~~~~~~~~~~~~~~~~~
_  

~~~~~~~~~~~~~~~ 
_  __

I 31 41 cr t~sec )

/ ii~— T  i~m
I I

Required Input Param.~t er s :

a = volts/amp s into desi gn a ted  load , R L

r~ = bit  ra te  (r b = 4 )  ( Her tz)

f~ = 30 Hz

= 5.51 r~ }fz

Frequency Tab le (Hz) :

~~~ ~
-
~ h ’ 2

~ h ’ 35t h ’ 55t h ’ ~h ’ ~h (1 ±

-11-
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Pulse Code Modulation - Non Return to Zero

(NRZPCM)

o I l ’  O i : ‘ 1  0

i i

3 r 4 r aT 6T ~~~s4Me I ft~’ ~+~i~x s4~4e r ~M+e I

Required Inpu t Parameters:

a = volts/amps into designated load, RL

r b = bit ra te ( rb = 
1 ) (Hertz)

= 30 Hz

= 3.18 r~ Hz

Frequency Table (Hz):

~~~ •lf 1~, 2
~ h ’ 35t h ’ 55t h ’ ~h ’ ~h (1 ± 1 0 )

-12—
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Pulse Code Modulation - Biphase

(BPPCM)
vU) or

_ _ _  _ _ _  

I 
_ _  

I

7 / / 1

V I 7 / ;

U~eM~ 
7

I7/~~//
I// l

1

T 3T 4Ts+a4eX
Required Input Parameters:

a = volts /amps into designated load , R L

em = modulation index

rb bit rate (rb = 4)  (Hertz)

= 30 Hz

= 10 r~ Hz

Frequency Table (Hz):

~~~ ‘fl h ’ 2
~ h ’ 35t

h ’ 55
~ h ’ ~h ’ ~h 

(1 ± 10
_P

)

—13—
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FT .

~~~~~~~~~~~~~~~

-

~~~~~~

- -

~~~~~~~~

- - 

~1

Pulse Position Modulation

(PPM )

V~~
) or 1(

~
)

t im. t’

- 4 
~~sec)

• Required Input Parameters:

a volts /amps into desi gnated load , R L

rb = bit rate (rb  = 4) (Hertz)

T = pulse width (seconds)

= 30 Hz

= 3.18/i Hz

Frequency Table (Hz) :

~~ 
•1
~h’ 

•2
~h’ 35

~h’ 55
~h

’ ~h’ ~h 
(1 ± 1 0)

-14-
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TELEGRA PHY

(TELEG)

m~~~)

7- .coi r .001?
i~’Csec)

V(t) or 1(t) m (t) cos (2~rrf t)
tone

= WPM (sec) WPM = Words Per Minute

~tone ton e modulation frequency

Required Input Parameters:

a volts/amps into desi gnated loa d, R.L

wpm words per minute

stone = tone modulation frequency (Hertz)

= 30 Hz

= (3.98 wpm + 
~tone~ 

Hz

Frequency Table (Hz):

f — 0  ftone tone

~ •1
~h’ 

.2 
~h’ 351h’ ~e’ 1tone ’ ~tone ± .398wpm ,

55
~h’ ~h’ ~h 

(1 ± lo P) 
~tone ± .8wpm, 

~tone ± 1.4wpm ,

~tone ± 2.2wpm, 
~h’ ~h 

(1. ± 1O~~ )

Note: Omit frequencies < 30Hz

-15—
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Pulse Amplitude Modulation

(PAM)

This model represents  N signals which a r e  sequential ly sampled

every NT seconds . T is the time interva l between sa mples. The

ampli tude of eac h pulse is the amplitude of the sampled signal  at  tha t

time and the pulse width  of the sampling pulse is T. The sample values

are assum~ d to be Gau ssia n r an dom va r iab les wi t h v a r ia n c e

V(f) or Ift)

444ss;~
A’

—
fr’ i 7
171 3rSSt~ / /1
Fl _ _ _  _ _

T 3T 4r OJ4i !~T

Required Input Parameters:

a = 

(
N c72 ’~~”2 (Vol ts/Amps)

2 /

T = width of sampling pulse (seconds)

r~ bit  rate ( rb  = 4 
) (Her tz)

f~ = 30 Hz

= 3. 18/ r  Hz

Fr~quency Table (Hz):

~~ 
Hh~ •2

~h ’ 35
~h ’ 55th ’ ~h’ ~h 0 ±

—16—
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Exponential Decay Spike Pulse Train

(ESPIKE)

o,-

• I-s T ~ (sec)
I I

Required  Input Parameters:

a = volts /amps into designate d loa d , R L

= decay time constant (time require d to decay
to A/ e )  (seconds)

rb = bit rate ( rb = 4 ) (Hertz)

f~ = 30Hz

2/ T Hz

Frequency Table (Hz):

~~ •08
~h’ ~~

6
~h’ ~

26
~h’ 38t h ’ 54t h ’ ~

9
~ h ’ ~~ ~h 

(1 ±

—17—
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~~~~~~

‘
~
-
~ -- ~~~~~~~~~~~~

Rectangular Pulse Train

(RECTPL)

V(~
) or x(~

)

T

Required Input Parameters:

a = volts /amp s into desi gnate d loa d , R L

7 = pulse width ( seconds)
(

rb = bit  ra te  ~ r b ~j ’ ) (Hertz)

= 30 Hz

= 3.18/7  Hz

Frequency Table (Hz ) :

f Q~ •1
~ h’ 

2
~ h ’ ~

35
~ h ’ 55t h ’ ~h ’ ~h (1 ± 1 0 )

I

$ —18—

p 
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Trapezoida l Pulse Train

(TPZD)

~,r

~
‘ 

~r ~~~~~~~~~~~~~~ I I
L __ __ ~~ I

a ‘1

I I
_ _ _ _ _ _ _ _

I
I Vt

I I

Required Input Parameters:

a = volts /amps into designated load, RL

* rb = bit rate (rb  = ! ) (Her tz)

= pulse width (T = 
+ Ta ) (seconds)

= pulse rise/ fall  time ~ = (seconds)

T =

a � 3.67 a ~ 3.67

= 30 Hz f~ = 30 Hz
( ~ \l/ 3 a I

, 3ct
= “ .3a-  .1) ?TT = . 3 o t + l . 9  ) T

Frequency Table (Hz): 
~~ml = ~~~ ~m2 = 

~~mi~
,c*< 3.67 c~ > 3.67

f~ , f~~~~~ml + ~m2) 
~ni2’~~~ 

+ ~m2 )
~ ~h ’ ~~~~~~ f

( ml + ~h) 
~h
’ 
~h 

~ ± 10
_i’
)

1 ± 10—P

—19—
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Triangular Pulsc Train

(TR IANG )

1W

F~—~ I I ~ (sec)
— t —-—-

~~ I

____—— I • _ _ _

Required Input Parameters:

F a = volts/amps into designated load , R L

r~ = bit rate (r b = 4)  (Hertz)

7 = pulse duration (seconds)

f 2 = 30 Hz

1.08/7  Hz

Frequency Table (Hz) :

—P
~~ ~

‘
~ ii’ ~

82
~ h ’ 1h ’ ~h 

(1 ± 10 )

-20-
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Sawtooth Pulse Train

(SAWTH)

~~ r~&)

H
_ _  - 

/\
~± (see)

I I
__.

• Required Input Parameters:

• a = volts/amps into designated load, RL

/ l \
Tb = bit rate ~~~ = 

~~ 
) (Her tz)

T = pulse width (to  decay to 
~ 

) (seconds)

f~ = 30 Hz

= 1.52k Hz

Frequency Table (Hz) :

~~~ .l3f 1~, 
~~

8
~h ’ 26t h ’ 34

~h ’ •39
~h’ ~

61
~h ’ 76t h ’ ~h’ ~h l ±

-21-
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Damped Sinusoid Pulse Tra in

(DMPSIN)

or

o=e

- 

• i ~~~~~~~~~~~~~~~~~~~ ~

Required Input Parameters:

a = volts/amps into designated load, RL

rb = bit rate (Tb = 4) (Hertz)

= frequency of sinusoid (~~0 = 2rr ir )  (Hertz)

f 1 = inverse of decay constant (f1 = ! ) (1/seconds)

= 30 Hz

f = I f  + l2.7f~\Hzh t r I)

Frequency Table (Hz):

~r’ ~r 
± .8f1, 

~r 
± 2f 1, 

~r ~ ~~~~~ ~r 
± 7.6f1, 

~r 
± 12.7 f1,

Note : Omit frequencies < 30 Hz. + 12.7 f1) (1 ±
- 12.7 f1) ~ ±

—22—
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Voice

(VOICE)

No inpu t parameters. The model is based on a s ta t is t ical

average of representative voice signals .

= 30 Hz

= 4400 Hz

Frequency Table (Hz) :

30 , 45 , 70 , 100 , 200 , 1000 , 4000 , 4400( 1 ±

* 

• 
Clipped Voice

(CVOICE)

No input parameters.  The model is based on a s tat is t ical

average of representative clipped voice signals.

= 30 Hz

= 3200 Hz

Frequency Table (Hz):

—P30, 50, 100, 350, 750 , 1000, 3200 , 3200 0- ± 10 )

-23-
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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.

H 

_ _

_ __ _

The power into the designated load, RL, is required as one important

input parameter. If the matching network is lossless then this

• quantity is direct ly  rela ted to the power radiated by the antenna.

The forma t for the RF Emitter  Models will be quite simila r to

the forma t for the Signal/Control Line Emitter  Models with one

important dis t inct ion.  In all of these cases a carrier frequency, 
~~

is modulated by the informa tion by ei ther  amplitude modulation of the

carrier  (AM ) or frequency modulation of the carrie r (FM).

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

(or current, 1(t ) , ) as

V(t)  = rn(t) cos ( 2 ,~ ~ t + 0

— 24—
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where 
~~ 

is the carrier frequency, 0 is a phase angle and m(t) is the time-

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

vU)or1~
t)

~~(sec )

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

In frequency modulation , the modulating signa l varies the carrier

frequency. A typical FM signal is shown below .

~j ~t) or

K

• A gain only the modulat ion signal , m( t ) ,  will be shown and the genera l

form of an FM signal is

V(t )  = K cos 2 
~ 

t + 2 ~ m (i) d ~

where ~ is t he f requency  dev ia t ion  cons tan t  and ~ is the c a r r i e r  f requency.

—25— 
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‘F 
- -

Continuous Wa ve

(CW)

This models a single frequency sinusoidal  waveform:

V(t)  = a cos (2 r r  
~~ 

t)

Required Input Parameters:

= 
~1i = 1~ (Hertz)

a2 Multiply by h R  if V(t) is a voltage
p = — (Wat t s )  and R L if V( t )  ik~a cur ren t

* 
• bwc = 1 (Her tz )

Frequency Table (Hz) :

f
c

—26—
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Pulse Duration~ Modulation/AM

(PDM)

Waveform is:

V(t)  = m(t)  COS (2 ~~ 1c1 + 0)

m(t) is PDM S/C modulation:

a r 
7
/ 7 / I

H 
___  ___

I 3T 41 cr t~sec )
k—I 1~ T- .~I I

Required Inpu t Parameters:

= 
~h 

= carrier frequency 
~~ 

(Hertz)

a2 if Mult i p ly by h R  if V( t )  is a voltage
= (Watts) .

~ILan d R L tf V(t)  t s  a cu r r en t

= bit rate of modulation (Tb = 4) (Hertz)

bwc = 11.03 Tb (Hertz)

Frequency Table (Hz) :

~ 
± .O5bv c , 

~c ± .lbvc , 
~~ ± •l7Sbwc , 

~~ ~ .275 bye, f + .5bwc ’
+ .5 bwc ) (1 ± 10

_P
) 

~~c 
— .5 bwe) (1 

~

—27—
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F’uls e Code ~ ~(Iu 1a I i  On — Non R e t u r n  to Zc-ro JAM

(N R ZP CM)

W a v ef o r m  i~-~

V(t) m(1) cos (?.rr f~ t + ~)

m (t) is 1’CM- NRZ S/C moduluUon:

0 1 O ( ‘ I 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
T 3T 4r ~~sec )

~4Me r ~ g fafe~r s’1-*4e fl• sfa*e I

Required Input Parame ters:

= carrier frequency 
~c (Hertz)

a2 j  Mul t ip ly by 1/R L 
if V( t )  is a voltage

p = —~- (Watts) h and R L if V ( t )  is a c u r r e nt

Tb = bit rate of modulation (rb = 4 ) (Hertz)

bwc = 6. 37 r~ (Hertz)

Frequency Table (Hz) :

f~ ± . O5bwc , 
~~~~ 

± . lbvc , 
~~~ ± . l7Sbwc, ~~~ ± . 275bwc , 

~~~ ± . 5bwc,

+ .5 bye) (1 ± 10 ) ,  (f — .5 bye) (1 ±

— 28—
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Pulse  Code Modu la t i on  - Hiphase/A M

(BPPCM)

Waveform is:

V ( t )  m( t )  c~~s (2 r f
~ 

I + 0)

m( 1) is P CM -B i ph asc  S/C modulation :

m U

0 o { t

( I - eM)& / / ~~~~ / / :
7/; // ‘ / / I / / {

- 1 I
T + 4  3T ~ 4T

Required Input Parameters:

= 
~h 

= carr ier frequency 
~~ 

(Her tz)

2 5 Mult i p ly by l /R L 
if V ( t )  is a vol tage

p = ~~~~~_ (Watts)  L a n d  R L if V( t )  is a c u r r e n t

/ 1\
Tb = bit rate of modula tion (

~rb = (Her tz)

em= modulation index

bwc = 20 r b (Hertz)

Frequency Table (Hz):

~ ± .O5bvc , 
~~ ± .lbwc , 

~~ 
± .l75byc, f~ ± .275byc , f ± .Sbyc,

+ .5 bwc) (1 ± 10
P
); (f — .5 bye) (1 ± 10

_I’
)

—29 -
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Pulse Position Modulation/A M

(PPM )

Waveform is:

V(t) = m(t) cos (2 rr 
~~ 

t + 0)

m(t)  is PDM S/C modulation:

~~~~~~~

-r 31 4r 
~~ sec)

Required Input Parameters:

= 
~h = carrier frequency ~~ 

(Hertz)

2 5 Mult i p ly by h R  if V(t)  is a voltage
p = a (Wa tts) Land R L if V(t)  ik ~a c u r r e n t

Tb = bit rate of modulation (rb  = !) (Hertz)

= pulse width (seconds) -

bwc = 6.37 /7 (Hertz)

Frequency Table (Hzl:

~ 
± .O5bwc , 

~~ ± .lbwc , 
~~ ± .175 bye, f~ ± .275 bye , 

~~ ± .5 bye ,

~~ + .5 bwc ) (1 ± 10 P) 
~~~ 

— .5 bye) (1 ±
—3 0—



______________________________ 
—• . .• -- ______

!i~± ~~~ ~i~ xL~~
( ‘ IE LEG)

W a vr f o r m

V (t) cos (2i~f t )  cos (27r f
~

t)

where r~ ( t )  is a sequence of t rapezoidal  pulses:

‘f—
0-

• 
____/Y:Z ‘7y ~x~

- 

. oo~
j 
~ ~ (see)

T = WPM (sec)  WPM = Words Per Mir ite
1tone = tone modula t ion  f requency

• R e q u i r e d  Input  Parameters:

ca r r i e r  f requency  1c ( i-!ertz)

a 2 
(Wat t s  

J M u l t i p l y by l/ R L if V ( t )  is a v o l t ag e  ~P I L a n d  R L if V ( t )  i s  a c u r r e n t  J
wpm = Words Per M i n u te

stone stone ( H e r t z )

bwc = 7.9ôwprn +2f tone

~rone o 
~tone ~ 

0

~~ ~~ ± 
398wpm , c,, + •8wpin, f~ +.1.4wpm , ~~ ~~ 

± (.398wpm + 
~tone~ ’ ~~ 

±

~ ± 2.2wpm , 
~~ 
± 3.98wpm (.8wpm + 

~~~~~~~~~~~ ~~ 
± (l.4wpm +

(f + 3.98 wpm) u ± 10_P ) ,  ~tone~~’ ~~ 
± (2.2wpm + 

~tone~ ’ ~c 
±

- ~~~ ) (1 10
_P

) (3.98wpm + 
~~~~~~~ ~~ 

+ 3 q 98 wp m +

~tone~ ~ ~ io~
’
~~ ~~c — 3.98 wpm

—

—31—



Binary Frequency Shift Key ing/FM

(FSK)

Waveform is:

V(t) = a cos [z 
~ 

f~ t + A w  
~~0

m(t
~ 

dt ’ + 
~ 

]
V(4)

whe re m(t )  is a binary waveform which can assume the values of +1 or

- I with probability 0. 5. Transitions In frequency (between i~ ~~ )
are sepa rated by the bit interval T.

Required Input Parameters:

f 1 + f 2
= 

~h = carrier frequency = 
2 

(Her tz)

p = 1.. . (Watts)  (Mul t i p ly by l/R L if V( t ~ is a voltage
2 and R L if V( t )  is a c~u r r e n t

Tb = bit rate (
~ 

) (seconds)

diff = — f4  (Hertz)

(continued)

—32—
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(rsI<)

di f f  ~ 
__-

~~~

_ r
b
: diff < 

~
•••••

~~
• r

b
:

bwc 
J

~~~f( ,J . f f b ) bwc 
1
/:;~;~~~i f f  + ~~~.~~ 2 d i f f )

f , f -f I a + •7 .~~3], f + [a + •5 f ~],e c —  c —

I ± {c~ + .75~~], f + ía ± ~] ,
C —  - C —

• + a + ~) (1 ± 10—P ) ( - a - ~
) (1 ± 10~~~)

f +
C

2

* dif f ~~ rb .

a cliff 
________

B- ~~~~~~— - - ci
2

diff < —-
~
--

- 
~~~~~~~~ [T~~~

2rh ( r)
2 / irdiff lrr b

B - - a
2

—33—



Pulse Amplitude Modulation /FM

(PAMFM )

The PAMFM signal is a carrier which is frequency modulated

by the PAM S/C modula tion . a is the amplitude of the FM carr ier , N

signals are sampled , 
~m 

is the maximum frequency of the information

in each sample, ~ is the variance of each sample, and T is the

sampling pulse width .

Required Input Parameters:

p = a 2 N f ~ (Wat ts)  ~~Mu lt i p ly by l. /R L 
if V( i~ is a vo l t age

* m ILan d ~f V(t )  is a c u r r e n t

d f =  3a

bwc = 4~ (Hertz)

Frequency Table (Hz) :

~ 
± a’ ~ 

± 2 ~~, ~~~ 
+ 2 ~

) 1 ± ~~~~ (f — 2 a) (1 ±

—34—
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RA DA R

Rectan~&ula r Pulse

(RA DA R , RECTPL)

Waveform is:

V(t) = mU )  cos (~ f,. t -f t)

m(t )  is R e c t a n g u l ar Pu l se  Train S/C modulation:

c 

-

_ _ _

____ Yt/
~~~~~~

_

— T  ‘Ii

Required Input Parameters:

= 
~h 

= carr ier  frequency 
~~ 

(Hertz)

- a2 
(Watts)  if M u l t i p ly by l/R L 

if V(t )  is a voltage
P - h and R L if V( t )  is a c u r re n t

r b = bit rate of modulation (r b = !) (Hertz)

T = pulse width (seconds)

bwc = 6. 37/ T (Hertz)

Frequency Table (Hz):

~ ± .O5bwc , 
~~ 

± •lbwc, 
~~ ± .l75bwc , 

~~ 
± .275bwc, ~~ ± .Sbwc ,

+ .5 bwc) (1 ± 10 P) (f — .5 bwc) (1 ± 10 P
)

—35—
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RA DA R TES PAGE D TODDC —~~

~~OM 
coFf FURNI S

Trapezo ida l  Pu l se

( RA DA R, TPZD)

Wa veform is:

V(t)  = m(t)  cos (2 ii I, t -4- 0)

m(t)  is a Trapezoidal  Pulse Train  S/C modulation

with  unequal r i se  and fall Umes:

r~~~)

~ I ~
_ _ _  _ _ _ _  

• £(sec)

Required Input Parameters:

= = carrier frequency f~ (Hertz)

a2 if Mult ip ly by l/R L, if V(t) is a voltage

* 
p = —~~- (Watts) Land RL if V(t )  is a cu r ren t

rb = bit rate of modulation (rb  = 4) (Hertz)

= modulation pulse width (be tween half amp litude levels)(second s)

= modulation pulse rise Lime (seconds)

= modulation pul se fall t ime (seconds)

¶ = a (
Z1r T f )
Ir + ’ if

~ � 3. 67 � 3 .67

1 1 ~l!3 2~
y f 6~ \ 1

I)%VC ~ - . 
bwc = \ 3~ + 1. 9) ~~~

Frcq -acncv T!~b 1 ~lii~~ 
— l/irr , f,52 — cif

1)

a < 3.67 a 3.67
I I

~ ± c~ ~ ± ~ 
ml. + m2 ) 

~ 
± ç

~~ 
1
c ± (

12’i_C 
+ ...

ç ± ~, :‘ ‘ ~~~ 
~~~~~~~~~~~ 1

~ ± ~ ± , + k~~~ 1 ± 10
_P

)

(1 1 Li:) (I 10
_P
) 

~~~: — 
~~ ) (1 ± 10

1
) — ~~S) (1 ± 10

_P
)

— 36—
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.

RA DA R

Cosine-Squared Pulse

(RA DA R , COSQD)

Wavefor m is:

V (t) = m(t) COS (2 17 1c + ~
)

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

2 (~rt ‘~n-i(t) = a cos — T � t � 7

Required Input Parameters:

= 1h = carrier fr equency f
~ 

(He r tz)

- a2 if Mult i p ly by l/R L i f V ( t )  is a vo l ta gep - (Watts) hand  R L if V( t )  is a cu r r en t

= bit rate of modulation (Tb = 4)  (Hertz)

= Tnodulation pulse width (between half amplitude levels)(seconds)
bwc = .87/7 (Hertz)

Frequency Table (Hz):

~ 
± .39bwc, 

~~ 
± . 43bvc , 

~~ 
± .47bwc , 

~~ 
± .5bvc, (f + .5 bye) (1 ±

(f — .5 bvc ) (1 +
37 C —



RA DA R

Gaussian Pulse

(RA DA R , GA USS)

Waveform is:

V ( t )  = m (t )  cos (2 r~ f~ t + ~
)

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

r~

• 

/ 

- 

/ / //
- 
/// ./ / N - 

. /

- - - - .  -- - -

t \ Z_ 2 ~J~~n ( 2 )  — )  T T
m( t )  = a e -

~~~~~

Required Input Parameters:

= 
~h 

= car r ie r  frequency 
~l (Hertz)

a 2 if Mul t i ply by l/R L if V( t )  is a voltage
p (Watts)  h a n d  R L if V( t )  is a c u r r e n t

r~ = bit rate of modulation (Tb = 4) (Hertz)

1~ = modulation pulse width (between half

amp litude levels) (seconds)

bwc= l.06/T (Hertz)

Frequency Table (Hz):

~~~~ ‘ 1~ ± .lbwc , f~ ± .24 bwc , 
~~ ± . 38bvc , 1c ± .5bwc , ~~ + .5 bvc) (1 ± 10—P )

—38— — .5 bvc) (1 ± 10 P )

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~



— —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i~o~ c~or~y JRNIsn~~ 2~Q DD.Q

(RA DMt , C h I R P )

Wave form ~s:

V( t ) r t ( t )  cos t2ii (f
0 + f~

- ) t J

0 t 
~

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

r’— tç _

~~~ 
~ (S~C)

I 
_ _ _ _ _ _

T - ——-
~~

c V et ucb ~c ~ e ,o.+ i o ~l c o( R~ 4~or ,~a

~~~ 

g ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ :;
L .

~~ tL .
~~1 ~A = — I ~~~~I 

~~~~~~~~~~~~~~
Re qu i r ~- d T n~~~~j aramet i - rs :

carrier f r eq uecny 
~~ 

(Her tz)

p — !_ (WATTC\ 1 Mul ti ply by if V ( t )  - s  a vo1L~~ e 12 ‘and RL if V ( t )  is a c ur r e n t

rb b i t  rate of raod u]j j t i o n (r b ~ (Hert z)

— nudulstion pulse width, (between half amplitude
levi-is) (secc*rids)

T r modulation pulse rise time (seconds)

modulation pulse fall tim~ (seconds)

$‘cr = pulse compr~ ss~ or rat io (nerative if dec- r~~ising f req ue ncy)

—

N ) A E :  l uc ~ - nil c - -u t - r i  —~ In rQTIII. ~:~~‘ c -  uot obtained for thu is n ,rI . l du~ V i  con—
ph c~ u t  ~-d u,llul ~- el— t1 ‘ u; pc ct r uut1.

- - Ic’ —

...~~~
-
. ~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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AMPLITUDE MODULATION

VOICE CVOIC~
1) Double Sideband (AM):

Wa veform is:

V(t)  = a ( 1 + em m(t)  ) cos (2 17 t + ~
)

bwc (Hertz)  = 8800 6400
fl) Double Sideband Suppressed Carrier (DSBSC):

Waveform is:

V(t) = a m(t)  cos (2 rr 
~~ t + 0)

bwc (Hertz)  = 8800 6400
(III) Sing le Sideband, Lower ( LSSB):

Waveform is as in (II) with upper s ideband eliminated.
bwc (Hertz) = 4400 3200

• (IV) Single Sideband , Upper (USSB):

Wa veform is as in (II) with lower sideband eliminated.
bwc (Hertz)  = 4400 3200

Required Input Parameters:

*

• 
= the transmitter tuning range (Hertz)

fhJ f~ ~

p a 2 
(Watts ) if Mult ip ly by l/R L 

if V( t , is a voltage }
(Land  R L if V( t )  is a c u r r e n t

em = modulation index 0 < em � 1

SIG = VOICE (voice)

CVOICE (clippe d voice) rn(t)

NONVCE (nonvoice) 
J

b bandwidth of modulation (3dB) if SIG = NONVCE. (Hertz)

If SIG 4 NONVCE , modulation bandwidth generated

in code and b is not used. Use a 0 placeholder in

this case. (continued)
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~~~~ucncy Table (1lz~~

(I) Double Sideband (AM) :

VOICE

— 100 , f~ — 200, f~ — 1000 , f~ — 4000 , — 4400, 
~~ 

— 4400) (1 ± 10
_P

)
+ ~~~ 1h + 200, 1h + ~~~ 1h + 4000. 1h + 4400, + 4400) ~l ± 10

_P )
CVOICE

IC’ fi — 350, f2~ — ~~~ 1
~ 

— 3200, (f9 — 3200) (1 ± 10
_P )

1h + ~so~ 1h + ~~~ ~h 
+ 3200, 

~
1h + 3200) (1 ± 10 1’)

(II) Double Sideband Suppressed Carrier (DSBSC):

VOICE

- 
f~ — 100, f~ — 200, f~, — 1000, f~ — 4000, 1L — 4400, (f~ — 4400) (1 ± l0

1’)
-1 100, 1h + 200, 1h + ~~~ + 4000, 1h + 4400, ~ h 

+ 4400) (1 ± 10_1’)
CVOICE

• 
— 350, — 750, 

~2. 
— 3200. (f~ — 3200) (1 ±

+ ~~~ + 750, + 3200, 
~~h 

+ 3200) (1 ± 10 1’)
(~II) Single Sideband, Lower (LSSB):

VOICE

1h’ ~ — ~oo~ I2, —200, f~ — 1000, f~ — 4000, f~ — 4400. (f~
_ 4400) (1 ± 10

_P
),

1 (1 ±CVOICE h

— 350, I2, — 750, I2, - 3200, (f~ — 3200) (1 ± 10 1’), 1h (1 ± lo~1’)

(Iv) Single Sideband, Upper (USSB):

VOICE

~~~ + 100, + 200, + ~ooo~ + 4000, 1
h 

+ 4400 , + 4400) (1 ± 10 1’),

I (l+ lo_1’)cVOIc! —

~~~~
‘ 
~~ 

+ 350, + 750 , + 3200 . + 3200) (1 ± l&
1)

) ,  f~ (1 ± l0_1’)
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~‘REQUENCY ~!O[)ULATION

(FM)

Waveform is:

V ( t )  a eo s [2~~f t + 2~~~f m ( T )  dT + 0]

where m ( t ) is the random modulating signal (VOICE, CLIPPED VOICE ,

NONVOICE) and 0 is a random variable independent of in(t) with

uniform distribution over (0, 2ir)

Required Inp ut Parameters:

= = carrier f requency f (Her tz )

2 • - .

-f-— (WA TT S) {Mt1~ t1P 1Y by l/R L i f  V ( t )  is a voltage }
2 and if V(t) is a current

b 6 dB bandwidth of modulating signal if NONVOICE

(He r t z ) .  If VOICE , b = 712. If CLIPP ED VOICE,

b=622.

df maximum frequency deviation from carr ier  (Hertz)

bwc 2 ( df  + b)

Frequency Table (Hz): (B~~ = df + b)

~ 
± B

1
, 

~c 
± l .375B~~ , 

~~ 
± l.7SBFM , 

~c 
± 2B

FM

+ 2RFM) (1 ± 10-P ) ,  (f - 2B~~1) l ± 10-P )

—42—
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• MISSION
I 

of
* - Rome Air Development Center

RAX plans and conducts research , exploratory and advanced
dav.lopaent p rograx. in care-sand, control , and conmiunications

- (C3)  acti vities, and in the C3 areas of lnf ozyriati oz sciences
and intelligence. The princip al tecM.lcal mission areas
are coemurslcatlons, electromagnetic guidanc, and control,
surveillance of ground and aerospace objects, int.lligence

- data collection and haradli.ng, inf ormation system t.chraology, ~
ionospheric propagation, solid stat• sciences, adcrov v

* 

-
~ physics and electronic reliability, maintainab ility and

compatibility.
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