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APPENDIX A
REFERENCE DATA

A.1l INTRODUCTION

This appendix contains reference material required in connection with the engineering
of Microwave and Tropospheric Communication Systems.

A.2 STATISTICS

Appropriate definitions and formulas used in determining Binomial, Normal, and
Poisson distributions are given in figure A-1.

A.3 REFERENCE CURVES AND NOMOGRAPHS

Reference curves and nomographs most commonly used in the engineering of
Microwave and Tropospheric Systems are given in figures A-2 through A-18.

A.4 EQUATIONS
A compilation of common equations are shown in figure A-19.

A5 CONVERSION TABLES

Conversion tables of various frequency, wavelength, and metric units are shown
in figure A-20.
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STATISTICS

A. DEFINITIONS
Arithmetic Mean —

The arithmetic mean of a set of numbers is defined

as follows:
n
2%
i=1

T XitX+Xs. . +X _
n n
Weighted Arithmetic Mean —
X= W, X, + WX, + W3X;... W X,

W, + W,...W,
X= 2 WX, / 2 W,
i=1 i=1

Standard Deviation —

The standard deviation of a set of numbers is
defined as follows:

Variance = g2

Geometric Mean —

The geometric mean of a set of N numbers,
X, X,X3. X, is the nh root of the product.

N
G = 1489 3"'Xn

Harmonic Mean —

The harmonic mean of a set of numbers X;, X,
X, . . . X, is the reciprocal of the arithmetic mean of
the reciprocal of the numbers:

Root Mean Square —

The root mean square (RMS) of a set of numbers
X,, X, ... X is defined as follows:

Median —

The median is the middle value, or the arithmetic
mean of the two middle values.

Example 1:

3,4,4,5,6,8,8,8, 10 median = 6

Example 2:

5,5,7,9,11,12, 15, 18 median = 9 -; 11

=10

Mode —

The mode is the number which occurs with the
greatest frequency and may not exist or there may
be more than one value:

Example 1:

2,2,5,7,9,9,9,10, 10, 11, 12, 18; mode = 9

Example 2:

3,5,8,10, 12,15, 16; nomode

B. BINOMIAL DISTRIBUTION

If p is the probability that an event will happen

in any single trial (called the probability of a success)
AlAl 605

Figure A-1.
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and q = 1 — p is the probability that it will fail to
happen in any single trial (called the probability of
a failure) then the probability that the event will
happen exactly X times in N trials (i.e., X successes
and N — X failures will occur) is given by

N!
P(X) =GP = g gy 1 PO
where X = 0,1,2,...,Nand N! = N(N-1)
(N—-2)...1. 0! = 1by definition.

Example 1: The probability of getting exactly 2
heads in 6 tosses of a fair coin is

6!
V)Y = 0 (1) = 18,
withN = 6,X = 2,andp = q = 1.

Example 2: The probability of getting at least 4
heads in 6 tosses of a fair coin is

6Ce(V2)4(13) 4 + ¢Cs(15)3(14) 65 +
+ 6Ce(12)6 = 1%, + %4 + Yy = 114,

Some properties of the binomial distribution are
listed as follows:

Mean » = Np
Variance ¢ = Npq
Standard deviation ¢ =V Npq
Moment coefficient of skewness a3 = _‘l_"_£_
VNpq
Moment coefficient of kurtosis «, = 3 + l;—gq@

C. THE NORMAL DISTRIBUTION

One of the most important examples of a proba-
bility distribution is the normal distribution, normal

ctrve ot Gaussian distribution defined by the equation
L AlAA 806

Y =

o P (X wel

where y = mean, ¢ = standard deviation, x =
3.14159 ...,e = 2.71828...

The total area bounded by the curve and the X axis
is one; hence the area under the curve between two
ordinates X = aand X = b, wherea < b, represents
the probability that X lies between a and b, denoted
by Pr{a < X < b}.

When the variable X is expressed in terms of
standard units, z = (X ~u) /o, the so-called stand-
ard form is expressed as

Y=V‘Txexp(—l/zzz>

In such case we say that z is normally distributed with
mean zero and variance one.

A graph of this standardized normal curve as
shown in Figure 114 has indicated the areas included
betweenz = — land + 1,z = —~ 2 and + 2,
z = + 3 and — 3 are equal respectively to 68.279,
95.45%, and 99.739, of the total area.

Example of Normal Distribution

The mean weight of 500 students is 151 lbs and
¢ = 15; assume normal distribution, determine how
many students weigh (a) between 120 and 155 Ibs
and (b) more than 185 Ibs.

_ (s —1s51)
Z__ls_._

_ (1555 — 151) _
z___T___

2.10

30

Area from — 2.10 to .30 = 0.600

The number of students = 500 (0.600) = 300

b. Students weighing more than 185

= 185.5 — 151
15

Area between 0, and 2.30 = 0.4983

= 0.5 — 0.4893 = 0.0107

The number of students = 500 (0.0107) = 5__

r4 = 2.30

8

Figure A-1.
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- 68.27 %>

=95.45 %

9973%

MEAN M
VARIANCE 62
STANDARD DEVIATION 6
MOMENT COEFFICIENT OF SKEWNESS ®X3= o0
MOMENT COEFFICIENT OF KURTOSIS Og=3
MEAN DEVIATION Ws 0.7979

Some Properties of the Normal Distribution

D. RELATION BETWEEN BINOMIAL AND
NORMAL DISTRIBUTIONS

If N is large and if neither p nor q is too close to
zero, the binomial distribution can be closely approxi-
mated by a normal distribution with standardized
variable given by

,=x—Np
VNpq

E. THE POISSON DISTRIBUTION
The discrete probability distribution

AXeA
PX) ="%T

(X=0,1,2,...)
where e = 2.71828 . . . and 1 is a given constant, is
called the Poisson distribution.

Some properties of the Poisson distribution are
listed in the following table.

Mean p=
Variance 62 =
Standard deviation e=Vx
Moment coefficient of skewness a3 = 1/ A

Moment coefficient of kurtosis oy

3+ 1A

F. RELATION BETWEEN BINOMIAL AND
POISSON DISTRIBUTIONS

In the binomial distribution, if N is large while the
probability p of occurrence of an event is close to zero
so that ¢ = (1—p) is close to 1, the event is called a
rare event, In practice we shall consider an event as
rare if the number of trials is at least 50 (N = 50)
while Np is less than 5. In such cases the binomial
distribution is very closely approximated by the

Poisson distribution with A = Np. AlAA 807

TFigure A-1.
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Figure A-2. VSWR Nomograph #1

MAY 1972 A-5



NAVELEX 0101,112

Alaa zoe VOLTAGE
VSWR REFL. COEFF. POWER REFLECTED POWER TRANSMITTED
9 DB 9 DB
|‘o:]- o1 0 e 00— oT
[ e d .05—— 25—
15— o
22—+
I.2=-1 21 =1
A0~ l4— 204 99—~
| 9—fm .05 -1
3= 18-
22—t 17—~ 98 ——
.ts-—J- 10 ==
16—
1.4
3+ 97 4
15 =——
14.5=1-
1.5~ 20—4— 4~ 14.0— 96—+
13.5 4 201
5—J'— 13.0 == 951
1.6
2.5
6 —4— 94 —4—
25—
12.0=4~
L7 304
7T 934
11,5 g
8= ILO= 92t~
1.8 ==
404
301 9—p— 1051 91—
1.9~
oL 10.0-k- 90Jb
Figure A-3. VSWR Nomograph =2

A-6

MAY 1972



NAVELEX 0101,112

AlAAZO9 VOLTAGE
VSWR REFL. COEFF. POWER REFLECTED POWER TRANSMITTED
% DB % DB
— — - 100 - 0
o2 =19 010 J=003 048
=103 0154~ s 0014
1.04 1+ 0204+ ool 0024
J|05 - 025 ¢+ 32 ¢ 003 1+
1.06 1+ T o
—— . ‘-—-—
030 4 30— 99.9-1 825
1.07 4+ 005 4
035 —4— 4
1.08 “ 006 1=
’ .040 -1+~ 28+ 007+
1.09 —1— 008 4+~
. 0451 21 274 9964 0094
110+ o0+
050~ 26—
1 4=
055—— 34— 99.7
Li2—- 251
060 0154
113 4
44— 244 99.6
114 -+ 0651
020 1~
145 —4— —+.
070 5—4— 234 99.5 -
116 14—
075+
0251
. 66— 99.4 1
080— 221
1184
74 99.3 1+ 030
085—— )
119~
8+ 21 9924
.20+ 090 4+ 0351~
121 0951 91+ 9.1 1=
0404
1.22 4+ L
100 —— 1.0  20-L 99.0 -

Figure A-4. VSWR Nomograph #3
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Transmission at all Locations Beyond
Line-of-Sight Over a Smooth Sphere
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Loading CCIR Standard $/N(dB) = Log |:Log—‘ S+ 1I:JI(dB) _ I:I

L (mean) = — 1 + 4logN N < 240
S+N, s
L (mean) = — 15 + 10logN N2 240 N (98 = Log [L"g" N8+ 1]
Loading Military Standard Equivalent Noise Temperature = Antilog insertion
L (mean) = — 5 + 10 log N loss X 290°K
S/N (thermal) = C/N + 10 log E—L‘ + Bip = 3.4 (Fy + AF); empirical approx.
+2010g$—:—l.(peak) + By =F, X §,
+P+W+C AF
D=%
$/N (intermodulation) = NPR + 10log X
1X 103
x Bt _ NIR (Noise Loading Ratio) $/N (P) = 10 Log — "~

Np
(when the signal power is 1 mw)
dBa =dBm + 85 F1A (1000 cycle reference)

. ]
dBa = dBm + 82 flat weighted (one voice channel) Allowable noise (pwp) = Zooo X 20,000 X 1012

dBa+ 6
Log-t [T] = pwp

pPW = 1 X 10712 watts

dBa = dBm + 90 144 weighted

dBa =dBm + 90 C message weighted (1000 cycle
reference)

dBa= — S/N + 82 F1A weighted, 144 weighted

(1000 cycle reference) L (peak) = 20 log AE ;EF ak)
b
dBrm (C message) = — S/N + 88.5 (1000 cycle
refetence)
L (mean) = 20 Log %
FM Threshold = 10 LogKTB + Ny + 10
AF .
Noise Threshold = 10 Log KTB + Nj e 2.404 (Carrier goes through Erslt nu;ll,
ailt powerin
P Np-—1
System Noise Figure = Ny, + == + temperature
1
°C=S5 °F—32
+Nf3_1 Ny ~ 1 /9( )
G, G, "G, G;...Gyy °K = °C + 273.15
°R = °F + 459.67 Conversion from dBmto Volts

°F=9/5°C+ 32

E=VLog—ld—laoﬁ‘xRx1o-3

K=5/9R

logMN = logM + log N
Conversion from Volts to d&m

logM/N = logM — log N

E2
logMe = Plog M d48m =10 Log g="15 sisas

o

|

Figure A-19. Common Equations
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