APPENDIX E

TABLE OF RANDOM-INPUT
DESCRIBING FUNCTIONS (RIDFs)

In this table we employ the probability function (cf. Sec. 7.2) denoted by
1 X2
PF(x) = V5. %P (— ?)
and its integral, the probability integral, denoted by
1 x v?
PI(x) = V—E;J;wexp (— -2—) dv
These functions are plotted in Fig. E.2-1.

This table is given in three sections:

E.1 Gaussian-input RIDFs
E.2 Gaussian-plus-bias-input RIDFs
E.3 Gaussian-plus-bias-plus-sinusoid-input RIDFs

E.l GAUSSIAN-INPUT RIDFs
x(t) =r@) an unbiased Gaussian process

1 ® e
Ny(o) = mj . y(r)rexp (—— ﬁ) dr
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TABLE OF RANDOM-INPUT DESCRIBING FUNCTIONS (RIDFs) (Continued)

Nonlinearity

Comments

Ng(o)

my + 2(m, — ml)|:l - PI(

)

g

<2y

13.

g 7 s
\/3 2[1 - VEPF(_)]
Dl bl [+2
&
14.
y=c 0
15.

16. Linear gain
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TABLE OF RANDOM-INPUT DESCRIBING FUNCTIONS (RIDFs) (Continued)

Nonlinearity Comments Ng(0)
y=x"|x| \/3 38407
o
23.
y=x" n=3517,... nin—2)(n—4)--- (o1
24. See Sec. 7.2
1 2 .
y = x"1|x| n=2,4,6,... Znn—2(n—4) - Qo
™
25. See Sec. 7.2
y=Vx (x> 0) 0.8600-1/2
=-vV—x (x<0)
26. Odd square root See Fig. E.1-3
y = x3 0.8300~3/3

27. Cube root characteristic

y=xb (x>=0)
—(=xy (<0

f

28.

T'(x) is gamma function

\/_2_ 2%/2T" (1 + 13) g1
m 2
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574 RANDOM-INPUT DESCRIBING FUNCTIONS
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576 RANDOM-INPUT DESCRIBING FUNCTIONS
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E.2 GAUSSIAN-PLUS-BIAS-INPUT RIDFs
x() =r(t)+ B

The gain to the gaussian input component is given by:

1 @ 2
Ng(0,B) = m J;wy(r + B)rexp (— #) dr

and the corresponding gain to the bias input component is:

1 o 2
Ng(o,B) = —_\/E_vran ooy(r + B)exp (— zr—gz) dr

This section uses the additional function G(x) = xPI(x) + PF(x).

The functions PF(x), PI(x), and G(x) are plotted in Fig. E.2-1.
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TABLE OF RANDOM-INPUT DESCRIBING FUNCTIONS (RIDFs) (Continued)

Nonlinearity

Comments

Nr(o,B) and N4(o,B)

¥y

P e

7. Sharp saturation or limiter

) )

VAR

8. Dead zone or threshold

mé+— 1

9. Gain-changing nonlinearity

&
If
3
+
8
|
3
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TABLE OF RANDOM-INPUT DESCRIBING FUNCTIONS (RIDFs) (Continued)

Nonlinearity

Comments

Ng(c,B) and N,(0,B)

1 o
13.
o i+ B d—B
m-mofa=5lo(*57) - o)
¥
Np = 2[ZPF(E) — PF 5+ B) —PF(——J B)j|
N o o c
I é é—B
s NB—I—)[ZPI(—) -PI( +B)+PI(—) —ljl
I ]
14.
y=c NR=0
Np==
15.
y==x Np =
N3==

16. Linear gain
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TABLE OF RANDOM-INPUT DESCRIBING FUNCTIONS (RIDFs) (Continued)

Nonlinearity

y

Comments

Nz(o,B) and Ng(0,B)

55.

ve=2lan(3) -1 - pr(222) 4 m(222)
vo=20 -2+ 2 20(2) - o(22) - o(232) )

56. Biased ideal relay
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Figure E.2-1 Graphs of PF(x), PI(x), and G(x).



E.3 GAUSSIAN-PLUS-BIAS-PLUS-SINUSOID-INPUT RIDFs
x(t) = r(t)+ B+ Asin (wz 4 06)
The gain to the gaussian input component is given by

1 27 @« . r’
Ny(0,B,A) = WJ; dBJ._wdry(r + B+ Asin0)rexp (— -i-(-,-’)

the gain to the bias input component is

1 27 0 ) 2
Ny(o,B,A) = WJ; dOf_wdry(r + B+ Asin 0) exp (— 5;5)

and the corresponding gain to the sinusoid input component is

2 2 © e
N, (0,B,A) (ZW)QGAJ; di f_wdr)(r+ B+ A sin 6) sin 6 exp ( 203)
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TABLE OF RANDOM-INPUT DESCRIBING FUNCTIONS (RIDFs) (Continued)

Nonlinearity

Comments

NR(U)B)A)’ NE(U)BsA)) and NA(G’B)A)

y=x

18. Cubic characteristic

Np =30+ 3B 4 34°
Ny =30+ B+ 34°
Ny= 30"+ 3B+ 342

y = M sin mx

29. Harmonic nonlinearity

J, and J, are the Bessel
functions of orders 0 and
1, respectively.

mbo?
Ny = MmcosmBexp | — 5 Jo(mA)
M 42
Ny= y: sin mB exp (— Z;—-)Jo(mA)

2M 242
N = - cos mB exp (— ﬁzg-).l,(mA)
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RANDOM-INPUT DESCRIBING FUNCTIONS

Figure E3-1 Three-input RIDFs for the ideal-relay nonlinearity.
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1

Figure E.3-1b  Gain to the bias input component.
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592 RANDOM-INPUT DESCRIBING FUNCTIONS

Figure E.3-2 Three-input RIDFs for the limiter nonlinearity.
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Figure E.3-2a Gain to the gaussian and bias input components. (limiter, |B|/6 = 0)
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Figure E3-2i Gain to the gaussian input component. (limiter, |B|/0 = 2)
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Figure E.3-2j Gain to the bias input component. (limiter, |B|/6 = 2)
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Figure E.3-2k Gain to the sinusoid input component. (limiter, |B[[/0 = 2)
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Figure E.3-3 Three-input RIDFs for the relay with dead zone nonlinearity.
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Figure E.3-3a Gain to the gaussian and bias input components. (relay with dead zone,
IB|/d = 0)
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Figure E.3-3¢ Gain to the sinusoid input component. (relay with dead zone, |B|[6 = 0.5)
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605
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Figure E.3-3f Gain to the gaussian input component.

(relay with dead zone, |B|[6 = I)
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Figure E.3-3h Gain to the sinusoid input component.

(relay with dead zone, |B|/6 = 1)
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Figure E.3-3] Gain to the bias input component. (relay with dead zone, |B||5 = 2)
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Figure E.3-3k Gain to the sinusoid input component.
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