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Table 4 (continued)

(a) a=0.05

Vi

1

2

3

1

5

6

7

8

9

10

12

15

20

24

30

SIS N AW N =T

161.45199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54 241.88 243.91 245.95 248.01 249.05 250.10

18.51
10.13
7.71
6.61

19.00
9.55
6.94
5.79

332
323
315

3.07
3.00

19.16
9.28
6.59
5.41

4.76
435

19.25
9.12
6.39
5.19

19.30
9.01
6.26
5.05

19.33
8.94
6.16
4.95

4.28
3.87
3.58
3.37
3.22

3.09
3.00
2.92
2.85
2.79

2.74
2.70
2.66
2.63
2.60

2.57
2.55
2.53
2.51
2.49
2.47
2.46
2.45
243
2.42
2.34
2.25
2.18
2.10

19.35
8.89
6.09
4.88

4.21
3.79
3.50
3.29
3.14

3.01
291
2.83
2.76
2.71

2.66
2.61
2.58
2.54
2.51

2.49
2.46
2.44
2.42
2.40

2.39
2.37
2.36
2.35
2.33

225
2.17
2.09
2.01

19.37
8.85
6.04
4.82

4.15
3.73

1.94

19.38
8.81
6.00
4.77

4.10
3.68

221
2.12
2.04

1.96
1.88

19.40
8.79
5.96
4.74

4.06

19.41
8.74
591
4.68

19.43

19.45
8.66
5.80
4.56

3.87
3.44
3.15

1.57

19.45
8.64
5.77
4.53

3.84
3.41
3.12

19.46
8.62
5.75
4.50
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Table 4 Upper percentage points of the F-distribution

(@) o = 0.01

Vi 1

2

3

1

5

6

7

8

9

10

12

15

20

24

30

V2

4052.24999.5 5403.4 5624.6 5763.7 5859.0 5928.4 5981.1 6022.5 6055.8 6106.3 6157.3 6208.7 6234.6 6260.6

1

2 98.50
3 34.12
4 2120
5 16.26
6 13.75
7

8

9

99.00
30.82
18.00
13.27

99.17
29.46
16.69
12.06

4.94

4.87
4.82
4.77
4.72
4.68

4.64
4.60

4.54
451
431
4.13
3.95
3.78

99.25
28.71
15.98
11.39

99.30
28.24
15.52
10.97

99.33
2791
15.21
10.67

8.47
7.19

99.36
27.67
14.98
10.46

99.37
27.49
14.80
10.29

3.17
2.99
2.82

2.66
2.51

99.39
27.35
14.66
10.16

99.40
27.23
14.55
10.05

7.87
6.62
5.81
5.26
4.85

4.54
430
4.10

99.42

27.05
14.37
9.89

7.72

99.43

26.87
14.20
9.72

99.45

26.69
14.02
9.55

7.40
6.16
5.36

99.46

26.60
13.93
9.47

7.31
6.07

99.47

26.51
13.84
9.38

7.23
5.99

o

Fa-VN’z

21



*Qu092 2} JO JYSIIAY JUB[S Y] ST ] QIAYM L2 ST BITE QOBJINS PIAIND)
L/Z,m% SI ¢ Y319y pue ‘4 SNIpeI ‘Quod JO JWN[OA

2U0D ADINOALD JYS1Y

Y427 ST BAIE 90BJINS PIAIND
Y 42 ST JYSISY PUE .4 SNIPET “IOPUITAD JO SUWN[OA

A2pU1KD ADJNIA1D JYS1Y

) A2y st o10yds Jo eare depng
A2 ST sniper ‘a1oyds e Jo owmnjop

asoydg

4247 ST 9[OIIO JO QOUSIQJWINIILD)
A2 ST SDIPRI “3[OIID B JO vAIY

21241)

NOILVINSNHN

a‘o
X

0¢C

L9111
SO'101

1706
IL°6L
L6'89

S|
—
=
S

—_Ne TN o~ ® A

a

x40

50

ol

0T

0’

S6

SL6

66

3

S66°

uonnqLysIp X 3y} jo syurod 33eIuadIJ

€ 9lqeL



ALGEBRA Table 2 Percentage points of Student’s ¢-distribution

o 10 05 025 01 005 001
v
Fact 1 3.078 6314 12.706 31.821 63.657 318.309
actors 2 1.886 2.920 4303 6.965 9.925 22327
3 1.638 2353 3.182 4541 5.841 10215
3,13 2 2 4 1.533 2.132 2776 3.747 4.604 7.173
a’+b’ = (a+b)(a” —ab+b7) 5 1.476 2015 2571 3.365 4032 5.893
@b = (a—b) (a2 +ab+ bz) 6 1.440 1.943 2.447 3.143 3.707 5.208
7 1.415 1.895 2365 2.998 3.499 4785
8 1.397 1.860 2306 2.896 3.355 4501
9 1.383 1.833 2262 2.821 3.250 4297
10 1372 1.812 2.228 2764 3.169 4.144
Permutations and Combinations 11 1.363 1.796 2.201 2718 3.106 4.025
12 1356 1.782 2.179 2.681 3.055 3.930
n n! 13 1.350 1771 2.160 2650 3.012 3.852
nC, = - 14 1.345 1.761 2.145 2.624 2.977 3787
r rl(n—r)! 15 1.341 1.753 2.131 2.602 2.947 3.733
16 1.337 1746 2.120 2583 2.921 3.686
) n! 17 1333 1740 2.110 2567 2.898 3.646
Pr=—— 18 1.330 1.734 2.101 2552 2.878 3.610
(n—r)! 19 1328 1.729 2.093 2.539 2.861 3.579
20 1325 1.725 2.086 2528 2.845 3.552
21 1323 1.721 2.080 2518 2.831 3527
Finite Seri 22 1.321 1717 2.074 2.508 2.819 3.505
Inite Series 23 1.319 1714 2.069 2500 2.807 3.485
24 1.318 1711 2.064 2.492 2.797 3.467
n—1 . a(l— ) 25 1316 1708 2.060 2.485 2787 3.450
=-2 —1)dJ; Zarq—
Y (a+qd)= 2[ a+(n ; 1=, 26 1315 1706 2.056 2479 2.779 3435
q=0 27 1.314 1.703 2.052 2473 2771 3.421
28 1.313 1.701 2.048 2467 2763 3.408
. 29 1311 1.699 2.045 2.462 2756 3.396
30 1310 1.697 2.042 2457 2750 3385
Y r=cn(n+1); Zr —n(n+1)(2n+1); Zr n?(n+1)>2
= = 40 1.303 1.684 2.021 2.423 2.704 3307
60 1.296 1.671 2.000 2390 2.660 3232
120 1.289 1.658 1.980 2.358 2617 3.160
) nin—1) , n\ , ) ) o 1.282 1.645 1.960 2326 2576 3.090
(I+x) :1+nx+Tx +- 4 X' +--+x" (n+veint.)
. r
de Moivre’s Theorem o
. . .. .. t
If n is an integer, (cos 0 +isin0)" = cosnB +isinn6. toy

If »n is a rational number, cosn0 +isinn6 is one of the values of
(cos B +isinH)".
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CIRCULAR FUNCTIONS

sin® A +cos’ A = 1
sec’A =1+tan’A
cosec’A = 1 +cot? A

Ifsin® =sina, then 6 =nw+ (—1)"«

If cos @ =cosa, then 6 =2nt+a »wheren=0,+1,42,...

Iftan@ = tan then 6 = nmw+ o

sin(A +B) = sinAcosB +cosAsinB
cos(A+B) =cosAcosB FsinAsinB
tanA+tanB

tan(A+B) = ———
an( ) 1FtanAtanB

sinA +sinB = 2sin '/, (A +B)cos ', (A —B)

sinA —sinB = 2cos ', (A +B)sin/, (A — B)

cos A +cosB =2cos '/, (A +B)cos ', (A—B)
cosA —cosB = —2sin '/, (A+B)sin'/; (A —B)

2sinAcosB = sin(A +B) —|—s1r1(A B)
2cosAsinB = sin(A+B) —sin(A —B)
2cosAcosB = cos(A+B)+cos(A—B)
2sinAsinB = cos(A —B) —cos(A+B)

sin2A = 2sinAcosA
c0s2A = cos’ A —sin? A = 1 —2sin’ A = 2cos’ A — 1

2tan A
tan2A = ———
an 1 —tan2 A
A 2t 1—¢
If tanE =1, then sinA = m; COsA = m

Paired sample t-test

where Y; = X, —X3; (j=1,2,3,...,n) and

ta1 :5\/(1>

n

§* = Var(y)

Spearman’s rank correlation coefficient p

6X d?
n(n—1)

p=1-

Kendall’s rank correlation coefficient r

Number of agreed Number of different
pair rankings pair rankings S
Number of pairs In(n—1)

Paired sample Wilcoxon (n > 8)

T = (sum of the ranks with the less frequent sign)

Z:T (n+1) , n(n+1)(2n+1)

distributed N(0,1); T

s 0T 24
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CALCULUS
L. INFINITE SERIES
Taylor’s Theorem

r—1

x? 1" X
flatx) = fla)txf (@) 4 5o/ @+

r

with ‘remainder term’ x—' ) (a+ 6x), where 0 < 6 < 1.
r!

Maclaurin’s Theorem

r—1

2
f(x) Zf(o)+xf/(0)+if”(0)+“'+m

r

with ‘remainder term’ x—' f(’>(9x), where 0 < 6 < 1.
r!

2 X"

X
r.

expx=¢‘ = 1+x—|—2'

x2 )C3 r

log,(1+x) = In(1 +x) :x_5+?_---+(—1)f-1’i+---
.
valid for —1 <x <.

3 )CS x2r+ 1

2 )C4 x2r

X r
Cosle_ﬂ—i—ﬂ_"'"i_(_])

sinhx =1, (e" —e ™) =x+ - + © +oot o +
-2 -7 315! (2r+1)!
2 x4 2r

X

_ 1 X —X\ _
coshx = fh(e*+e ) =1+ TR 291

* These series are valid for all finite x.

'f(rfl)(0)+...

'f<r—1)(a)+...

)

)

Probability generating function G(z)

G(z) = P(0)+ P(1)z+P(2)T +---+P(r)T +---,

where P(r) =P(X =)

Binomial distribution (X, p,N)

-]
e
[
=
I
VRS
==
N—
S|

Poisson distribution (X, m)

PX =k =¢

—m mk

k!

EX)=m

Var(X) =

m

G(z) = e Me™

Normal distribution

If X is distributed N(u,6?) then

H s distributed N(0,1)

where o is the standard deviation and o2 is the variance.

15
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III INTEGRALS (Constants of integration are omitted; Ina = log, a)

f(x) [ f(x)dx
(e sin ! (2)
(az—lkxz) itanil (g)
1 Infx+ /(¥ +a%)}
V(a*+x?) or sinh™! (Z)

\/(a2+x2)

1 In{x+/(x* —a?)}
V(¥ —a?) or cosh ™! (f)

a
sinx —COSX
cosx sinx
tan x In(secx)
cotx In(sinx)
secx In(secx + tanx)
tnfuan (34 3)
orln<tan( =+ —
2 4
X
cosecx Intan —
coshx sinhx
sinhx coshx
dv

d
u— uv—fvd—’:dx

MECHANICS

Centre of mass

Arc, radius r, angle 26 rsin6/0 from centre
Sector of circle, radius r, angle 260 %r sin6/0 from centre
Hemisphere, radius r %r from centre
Hemispherical shell, radius %r from centre

Solid cone, height & % from vertex

Conical shell, height / %h from vertex

Moments of inertia

Rod, length 21, about perpendicular axis through centre %ml 2

Disc, radius r, about perpendicular axis through centre %mr2
Hoop, radius r, about diameter %mr2
Solid sphere, radius r, about diameter %er
Spherical shell, radius r, about a diameter %mr2
Parallel axes theorem Iy = Ig+M(GA)?
Perpendicular axes theorem for a lamina Loz = Loy + 1oy

Simple harmonic motion

d? d
f;:* 2x, (d—);)z:a)z(azfxz), x=asin(0t +€)
Compound pendulum

Period = 27/ (k*> +h?)/gh

Components of acceleration
# — r6? along radius vector

270 + r@ perpendicular to radius vector
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For the area shown in Figure 1 A

y
b
First moment about x-axis = / 12 dx y=f(x)
a \
b
First moment about y-axis = / xy dx
a
0
b a
Second moment about x-axis = / % y3 dx Fig. 1
a
b
Second moment about y-axis = / X’ydx
a
For the solid of revolution shown in Figure 2 Y
A
y=f(x)
. _ N
First moment about xy-plane = 0 g
1
I
1 1
b 1 1
First moment about yz-plane = 7 / xy? dx 0 a b
a
b
Second moment about x-axis = & / %y“ dx
¢ Fig. 2
b
y?
Second moment about y-axis = 7 / V(2% + Z) dx

a

10

Length of arc = /\/{1 +

b
d
Area of surface of revolution = 27r/y\/{1 + (jy)z} dx
X

a

5]
— 27r/y\/()€2 +y2)dr
3l

Radius of curvature p =

)’} dx —/\/X+y

{1+( ) 213/2 (P

d2 S xy—dy
dx?
Polar Coordinates
)
Area enclosed by curve = 1/2 / rde

0,

6, r
Length of arc = /\/{rz—i-(j—g)z} 619:/\/{1—i-r2
él r

dp

Radius of curvature p =r 7
,

(@)} ar
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