Formulae Booklet @ @

. Formulae Booklet

The formulae in this booklet have been arran ged accordin g to the unit in which they are brst

introduced. Thus a candidate sittin g a unit may be required to use the formulae that were introduced

in a precedin g unit (e. g. candidates sittin g C3 mi ght be expected to use formulae prst introduced in
ClorC2).

It may also be the case that candidates sittin g Mechanics and Statistics units need to use formulae
introduced in appropriate Core Mathematics units, as outlined in the speci bcation.
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Core Mathematics C1

Mensuration
Surface area of sphere = 4772

Area of curved surface of cone = 77 X slant height

Arithmetic series

u,=a+n-1)d

S, = %n(aw: %n[2a+(n—1)d]
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Core Mathematics C2

Candidates sitting C2 may also require those formulae listed under Core Mathematics C1.
Cosine rule
a*=b*+ ¢ —2bc cos A

Binomial series
n n n n—1 n n-2712 n n-rir n
(a+b)' =a" + ) a" b+ 5 a""bhT+..+ a"”"'b"+...+b (ne N)

r
!
where "= "C, =T
r ri(n—r)!

n(n—l)x2 N +n(n—1)...(n—r+l)x,‘
IX2x...xr

A+x)" =1+nx+ +... (‘x‘<l,ne[R)

Logarithms and exponentials

Geometric series

up=ar""!

Numerical integration
b

The trapezium rule: J y dx = $h{(o+y) +20n1 + 2+ ...t yu_1)}, where h =

a

b—a
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Core Mathematics C3
Candidates sitting C3 may also require those formulae listed under Core Mathematics C1 and
C2.
Logarithms and exponentials
ex Ina — ax
Trigonometric identities
sin(A4+ B) =sin Acos B*cos Asin B
cos(A=x B)=cos Acos BFsin Asin B
tan A+ tan B
tan(A+B) = —— 222 (44 B2 (k+ D7)
1Ftan Atan B
. . . A-B
sin 4+sin B =2sin cos 5
sin A —sin B = 2cos A+Bsin A;B
A-B
cos A+cos B=2cos cos
. . A-B
cos A—cos B=-2sin sin T
Differentiation
f(x) f'(x)
tan kx k sec? kx
sec x sec x tan x
cotx —cosec’ x
cosec x —Co0sec x cot x
f(x) ) g(x) —fx) g'(x)
g(x) (g(x))’
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Core Mathematics C4

Candidates sitting C4 may also require those formulae listed under Core Mathematics C1, C2
and C3.

Integration (+ constant)

f(x) Jf(x) dx

sec” kx % tan kx

tan x Insec x|

cotx In ‘sin x‘

cosec x — In|cosec x + cot x| = In|tan({ x)|
sec x In|secx + tan x| = In|tan(4 x + 1 7))

Ju@dx=uv—Jvd—udx
dx dx
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and C2.

Summations

n

r=1

Further Pure Mathematics FP1

Candidates sitting FP1 may also require those formulae listed under Core Mathematics C1

ZI’Z =Ln(n+1)(2n+1)
r=1

3_1..2 2
ro=gn-(n+l)

Numerical solution of equations

i
The Newton-Raphson iteration for solving f(x)=0: x,,, =x, — ff(x"))
xn
Coordinate geometry
) ) ) ‘ah + bk + c‘
The perpendicular distance from (4, k) to ax+by+c=0 is ———
Na® +b*
. . . . m, —m,
The acute angle between lines with gradients m; and m, is arctan |————
1+mm,

Conics
Rectangular
Parabola Hyperbola
Standard 2 _4ax v =2
Form Y= Y
Parametric (af’, 2at) ot £
Form ’ Tt
Foci (a,0) Not required
Directrices X=-a Not required
8
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Matrix transformations

Anticlockwise rotation through 8about O: (

cos 26

Reflection in the line y = (tan@)x: | .
sin 26

cos@

sin @

—sin @

cos@

—cos 26

sin 260 ]

|
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Further Pure Mathematics FP2

Area of a sector

A= %Jrz d@  (polar coordinates)

Complex numbers

¢’ =cos@+isiné

{r(cos@+isin@)}" =r"(cosnf+isinn)
27k i

The roots of z" =1 are givenby z=¢ " ,

Maclaurin’s and Taylor’s Series

f(x) = f(0)+xf(0)+—f(0)+ + f“

) = f(a) + (x— a) Fla)+ & 2")

{a)+..

I

fla+x)= f(a)+xf(a)+—f(a)+ +

2 r
X X

e =exp(x)=l+x+—+...+—+...
2! 7!

2 3
X

3 x5 ) x2r+l

Sinx =x— "+ =+ (=1)
3 s (2r+1)!

2 4 2r
X

cosx=1-"—4+1 A=
20 4 2r )'
3 5 2r+l
arctan x:x—x—+x——...+(—l)" ol
3 5

Taylor polynomials

fla+h) =f(a)+hf'(a)+h72'f”(a)+err0r
f(a+h)=f(a)+hf'(a)+h72'f”(a+§)

f(x)=f(a)+ (x—a)f(a)+

(x—a)’
21

(x— a)

f(x)=f(a)+(x—a)f(a)+ £18)

X x"
In(l4+x)=x——+=——...+(=D)"=—+...
(1+x) 73 =D .

+...

+
2r+1

Candidates sitting FP2 may also require those formulae listed under Further Pure
Mathematics FP1 and Core Mathematics C1-C4.

for k=0,1,2,...,n-1

"(0)+...
+(x a) £ (a)+...
(”(a)+

for all x

(-l<x<l)

for all x
for all x

(-1£x<))

(0<&<h)

£(a) +error

(a<é&<x)
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Further Pure Mathematics FP3

Candidates sitting FP3 may also require those formulae listed under Further Pure
Mathematics FP1, and Core Mathematics C1-C4.

Vectors

The resolved part of a in the direction of b is ab

b

ua+ b
A+u

The point dividing 4B in the ratio A: g is

i j k a,b; —a;b,
Vector product: axb = ‘aHb‘ sin@n=|a, a, a,|=|ab —ab,
b, b, b, a,b, —a,b,

a(bxe)=|b, b, b,|=b.(cxa)=c.(axb)

ax(bxc)=(a.c)b—(a.b)c

If 4 is the point with position vector a=a,i+ a,j+ a,k and the direction vector b is given by
b =b,i+b,j+b,k , then the straight line through A4 with direction vector b has cartesian
equation

x—a, y-a, z-—a,

= = 2‘
b, b, by =

The plane through 4 with normal vector n =n,i + n, j + n;k has cartesian equation

mx+n,y+n,z+d=0whered =-a.n

The plane through non-collinear points 4, B and C has vector equation
r=a+A(b—a)+u(c—a)=(1-4A—u)a+ b+ uc

The plane through the point with position vector a and parallel to b and ¢ has equation
r=a+sb+tc

Inoc+n, B+nyy+d|

[ 2 2 2
n, +I’l2 -i-l’l3

The perpendicular distance of (e, B, ¥) from n x+n,y+n,z+d =0 is
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Hyperbolic functions
cosh® x—sinh” x =1
sinh 2x = 2 sinh x cosh x
cosh 2x = cosh” x+sinh” x
arcosh x=ln{x+\/x2 —1} (x=1)
arsinh x =In {x+ Vx? +1 }
1+
artanh x = ;ln(xj (‘ x‘ <1)
1-x
Conics
. Rectangular
Ellipse Parabola Hyperbola Hyperbola
Standard xt oyt _ 2 x _ _ 2
Form a—2+b—2—1 y° =4ax aT bT_l xy=c¢
Parametric . (asec 6,btan ) ¢
acos@,bsin @ t*,2at S ct, —
Form ( )| (ar2an (+a cosh 6, b sinh @) p
E o e<l1 1 e>1 \/
ccentricity b =a*(1-e%) e= b =a(e* —1) e=1\2
Foci (tae,0) (a,0) (tae,0) (#V2¢e, :V2¢)
. . a a
Directrices x=t— xX=-a x=%— x+y=+2¢
e e
X Y
Asymptotes none none —== 5 x=0,y=0
a
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Differentiation

f(x)

arcsin x

arccos x

arctan x

sinh x
cosh x

tanh x

arsinh x

arcosh x

artanh x

f(x)

sinh x
cosh x
tanh x

f'(x)

Integration (+ constant; a >0 where relevant)

Jf(x) dx

cosh x
sinh x
In cosh x

arcsin (XJ (‘ X ‘ <a)
a

arcosh (

arsinh (xj =1n{x+\/x2 +a2}
a

1 1 at+x| 1 X
—— —1In =—artanh | — (‘x‘ <a)
a”—x 2a |la-x| a a
1 1 xX—a
T —1In
x“—a 2a |x+a
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Arc length

2
s = 1+(dy) dx
dx

SIEE

J

2
jdt

ele

Surface area of revolution

S . =2r[yds = ZJZJy (

(cartesian coordinates)

(parametric form)

2 2
a) o)
dr dt
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BLANK PAGE

TURN OVER FOR MECHANICS & STATISTICS FORMULAE
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Mechanics M1
There are no formulae given for M1 in addition to those candidates are expected to know.

Candidates sitting M1 may also require those formulae listed under Core Mathematics C1.

Mechanics M2

Candidates sitting M2 may also require those formulae listed under Core Mathematics C1,
C2 and C3.

Centres of mass
For uniform bodies:

Triangular lamina: 2 along median from vertex
3

. . rsino
Circular arc, radius r, angle at centre 2o: from centre
o
. . 2rsina
Sector of circle, radius r, angle at centre 2« : 37 from centre
o

Mechanics M3

Candidates sitting M3 may also require those formulae listed under Mechanics M2, and also
those formulae listed under Core Mathematics C1-C4.

Motion in a circle

Transverse velocity: v=r6
Transverse acceleration: v =r6@

2
v

Radial acceleration: —r8> = ——
p

Centres of mass

For uniform bodies:
Solid hemisphere, radius 7: 2+ from centre
Hemispherical shell, radius »: 17 from centre

Solid cone or pyramid of height 4: -/ above the base on the line from centre of base to vertex

Conical shell of height #: 1/ above the base on the line from centre of base to vertex

Universal law of gravitation

m,m,

Force = P

16 UA018598 — Edexcel AS/A level Mathematics Formulae List: Mechanics M1-M3 — Issue 1 — September 2007
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Mechanics M4

There are no formulae given for M4 in addition to those candidates are expected to know.

Candidates sitting M4 may also require those formulae listed under Mechanics M2 and M3,
and also those formulae listed under Core Mathematics C1-C4 and Further Pure
Mathematics FP1.

Mechanics M5

Candidates sitting M5 may also require those formulae listed under Mechanics M2 and M3,
and also those formulae listed under Core Mathematics C1-C4 and Further Pure
Mathematics FP1.

Moments of inertia

For uniform bodies of mass m:

Thin rod, length 2/, about perpendicular axis through centre: + m!/ ?

Rectangular lamina about axis in plane bisecting edges of length 2/: +ml*

Thin rod, length 2/, about perpendicular axis through end: +m!/ ?

Rectangular lamina about edge perpendicular to edges of length 2/: 4 ml 2

Rectangular lamina, sides 2a and 2b, about perpendicular axis through centre: %m(a2 +5b%)

Hoop or cylindrical shell of radius » about axis through centre: mr>

Hoop of radius  about a diameter: £ mr’

Disc or solid cylinder of radius 7 about axis through centre: L mr’
Disc of radius 7 about a diameter: +mr*

Solid sphere, radius r, about diameter: %mr2

Spherical shell of radius 7 about a diameter: %mr2

Parallel axes theorem: 7, =1, +m(AG)’

Perpendicular axes theorem: /, =/ +17, (foralamina in the x-y plane)

Moments as vectors

The moment about O of F acting at r is rxF

UAO018598 — Edexcel AS/A level Mathematics Formulae List: Mechanics M4-M35 — Issue 1 — September 2007 17
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Statistics S1

Probability
P(4U B) =P(A4)+P(B)—P(4N B)
P(ANB)=P(A)P(B | A)

P | B) = P(B | 4)P(4)
P(B | A)P(A)+P(B | A)P(A)

Discrete distributions

For a discrete random variable X taking values x, with probabilities P(X = x;)
Expectation (mean): E(X) = = Xx; P(X=x;)
Variance: Var(X) = 0” = X(x; - 4 )’ P(X=x)) = Zx” P(X=x;) — 1’
For a function g(X): E(g(X)) = Zg(x;) P(X =x;)

Continuous distributions

Standard continuous distribution:

Distribution of X P.D.F. Mean Variance
2 1 *L(d)z
Normal N(u, o°) e 2L © Y7, o’
o2z
18 UAO018598 — Edexcel AS/A level Mathematics Formulae List: Statistics S1 — Issue 1 — September 2007
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Correlation and regression

For a set of n pairs of values (x,, y,)

(Zx)’
n

(=)’

S =%(x, -7 =%x’-

S, =2y, -9 =% -

Zx ) (Zy,
S, =X, -y, -7 =Xy, —%

The product moment correlation coefficient is

CE)E)

S, (x, = X)(y, = ¥) i »

i

S.S, B JE@, -9 HEY, - 7)) B \/[sz B (zx,_)z}[):y2 B (Zyl_)z)
i n

n

S, _ X =00, - )
2(x, —X)*

The regression coefficient of y on x is b =

xx

Least squares regression line of y on x is y = a + bx where a =y —bx

UAO018598 — Edexcel AS/A level Mathematics Formulae List: Statistics S1 — Issue 1 — September 2007
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THE NORMAL DISTRIBUTION FUNCTION

The function tabulated below is ®(z), defined as ®(z) = b P TS

N2r )

z D(2) z D(2) z D(2) z D(2) z D(2)
0.00 0.5000 0.50 0.6915 1.00 0.8413 1.50 0.9332 2.00 0.9772
0.01 0.5040 0.51 0.6950 1.01 0.8438 1.51 0.9345 2.02 0.9783
0.02 0.5080 0.52 0.6985 1.02 0.8461 1.52 0.9357 2.04 0.9793
0.03 0.5120 0.53 0.7019 1.03 0.8485 1.53 0.9370 2.06 0.9803
0.04 0.5160 0.54 0.7054 1.04 0.8508 1.54 0.9382 2.08 0.9812
0.05 0.5199 0.55 0.7088 1.05 0.8531 1.55 0.9394 2.10 0.9821

0.06 0.5239 0.56 0.7123 1.06 0.8554 1.56 0.9406 2.12 0.9830
0.07 0.5279 0.57 0.7157 1.07 0.8577 1.57 0.9418 2.14 0.9838
0.08 0.5319 0.58 0.7190 1.08 0.8599 1.58 0.9429 2.16 0.9846
0.09 0.5359 0.59 0.7224 1.09 0.8621 1.59 0.9441 2.18 0.9854
0.10 0.5398 0.60 0.7257 1.10 0.8643 1.60 0.9452 2.20 0.9861
0.11 0.5438 0.61 0.7291 1.11 0.8665 1.61 0.9463 222 0.9868
0.12 0.5478 0.62 0.7324 1.12 0.8686 1.62 0.9474 2.24 0.9875
0.13 0.5517 0.63 0.7357 1.13 0.8708 1.63 0.9484 2.26 0.9881
0.14 0.5557 0.64 0.7389 1.14 0.8729 1.64 0.9495 2.28 0.9887
0.15 0.5596 0.65 0.7422 1.15 0.8749 1.65 0.9505 2.30 0.9893

0.16 0.5636 0.66 0.7454 1.16 0.8770 1.66 0.9515 2.32 0.9898
0.17 0.5675 0.67 0.7486 1.17 0.8790 1.67 0.9525 2.34 0.9904
0.18 0.5714 0.68 0.7517 1.18 0.8810 1.68 0.9535 2.36 0.9909
0.19 0.5753 0.69 0.7549 1.19 0.8830 1.69 0.9545 2.38 0.9913
0.20 0.5793 0.70 0.7580 1.20 0.8849 1.70 0.9554 2.40 0.9918
0.21 0.5832 0.71 0.7611 1.21 0.8869 1.71 0.9564 2.42 0.9922
0.22 0.5871 0.72 0.7642 1.22 0.8888 1.72 0.9573 2.44 0.9927
0.23 0.5910 0.73 0.7673 1.23 0.8907 1.73 0.9582 2.46 0.9931
0.24 0.5948 0.74 0.7704 1.24 0.8925 1.74 0.9591 2.48 0.9934
0.25 0.5987 0.75 0.7734 1.25 0.8944 1.75 0.9599 2.50 0.9938

0.26 0.6026 0.76 0.7764 1.26 0.8962 1.76 0.9608 2.55 0.9946
0.27 0.6064 0.77 0.7794 1.27 0.8980 1.77 0.9616 2.60 0.9953
0.28 0.6103 0.78 0.7823 1.28 0.8997 1.78 0.9625 2.65 0.9960
0.29 0.6141 0.79 0.7852 1.29 0.9015 1.79 0.9633 2.70 0.9965
0.30 0.6179 0.80 0.7881 1.30 0.9032 1.80 0.9641 2.75 0.9970

0.31 0.6217 0.81 0.7910 1.31 0.9049 1.81 0.9649 2.80 0.9974
0.32 0.6255 0.82 0.7939 1.32 0.9066 1.82 0.9656 2.85 0.9978
0.33 0.6293 0.83 0.7967 1.33 0.9082 1.83 0.9664 2.90 0.9981
0.34 0.6331 0.84 0.7995 1.34 0.9099 1.84 0.9671 2.95 0.9984
0.35 0.6368 0.85 0.8023 1.35 0.9115 1.85 0.9678 3.00 0.9987
0.36 0.6406 0.86 0.8051 1.36 0.9131 1.86 0.9686 3.05 0.9989
0.37 0.6443 0.87 0.8078 1.37 0.9147 1.87 0.9693 3.10 0.9990
0.38 0.6480 0.88 0.8106 1.38 0.9162 1.88 0.9699 3.15 0.9992
0.39 0.6517 0.89 0.8133 1.39 0.9177 1.89 0.9706 3.20 0.9993
0.40 0.6554 0.90 0.8159 1.40 0.9192 1.90 0.9713 3.25 0.9994

0.41 0.6591 0.91 0.8186 1.41 0.9207 1.91 09719 | 330  0.9995
042 06628 | 092  0.8212 142 09222 192 09726 | 335  0.9996
043 06664 | 093  0.8238 143 0.9236 1.93 09732 | 340  0.9997
044 06700 | 094  0.8264 144 0.9251 1.94 09738 | 3.50  0.9998
045 06736 | 095  0.8289 145 0.9265 1.95 09744 | 3.60  0.9998
046 06772 | 096  0.8315 146 0.9279 196 09750 | 3.70  0.9999
047 06808 | 097  0.8340 147 09292 197 09756 | 3.80  0.9999
048 06844 | 098  0.8365 148 0.9306 198 09761 3.90 1.0000
049 06879 | 099  0.8389 149 09319 199 09767 | 4.00 1.0000
0.50  0.6915 .00 0.8413 150 09332 | 2.00 09772
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PERCENTAGE POINTS OF THE NORMAL DISTRIBUTION

that is, P(Z>2z) =1 - ®(z) = p.

p z P z
0.5000 0.0000 0.0500 1.6449
0.4000 0.2533 0.0250 1.9600

0.3000 0.5244 0.0100 2.3263
0.2000 0.8416 0.0050 2.5758
0.1500 1.0364 0.0010 3.0902
0.1000 1.2816 0.0005 3.2905

UAO018598 — Edexcel AS/A level Mathematics Formulae List: Statistics SI — Issue 1 — September 2007
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Statistics S2

Discrete distributions

Standard discrete distributions:

Candidates sitting S2 may also require those formulae listed under Statistics S1, and also
those listed under Core Mathematics C1 and C2.

Distribution of X P(X =x) Mean Variance
n
Binomial B(n, p) [ ]p“ a1-p= np np(1-p)
X
. A
Poisson Po(A) e A A
x!

Continuous distributions

Standard continuous distribution:

Variance: Var(X) =07 = [ (x— ) f(x)dx = [ x* f(x) dx - 1
For a function g(X): E(g(X)) = .[g(x) f(x)dx

For a continuous random variable X having probability density function f

Expectation (mean): E(X)=u = J.x f(x)dx

0
Cumulative distribution function: F(x ) =P(X <x )= J f(¢r) dr

Distribution of X

Mean

Variance

Uniform (Rectangular) on [a, b]

1(a+b)

L(b-a)’

22
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BINOMIAL CUMULATIVE DISTRIBUTION FUNCTION

The tabulated value is P(X < x), where X has a binomial distribution with index » and parameter p.

0.05 0.10  0.15 020 0.25 030 0.35 040 0.45 0.50
0.7738 0.5905 0.4437 0.3277 0.2373 0.1681 0.1160 0.0778 0.0503 0.0312

0.9774 0.9185 0.8352 0.7373 0.6328 0.5282 0.4284 0.3370 0.2562 0.1875
0.9988 0.9914 0.9734 0.9421 0.8965 0.8369 0.7648 0.6826 0.5931 0.5000
1.0000 0.9995 0.9978 0.9933 0.9844 0.9692 0.9460 0.9130 0.8688 0.8125
1.0000 1.0000 0.9999 0.9997 0.9990 0.9976 0.9947 0.9898 0.9815 0.9688
0.7351 0.5314 0.3771 0.2621 0.1780 0.1176 0.0754 0.0467 0.0277 0.0156

0.9672 0.8857 0.7765 0.6554 0.5339 0.4202 0.3191 0.2333 0.1636 0.1094
0.9978 0.9842 0.9527 0.9011 0.8306 0.7443 0.6471 0.5443 0.4415 0.3438
0.9999 0.9987 0.9941 0.9830 0.9624 0.9295 0.8826 0.8208 0.7447 0.6563
1.0000 0.9999 0.9996 0.9984 0.9954 0.9891 0.9777 0.9590 0.9308 0.8906
1.0000 1.0000 1.0000 0.9999 0.9998 0.9993 0.9982 0.9959 0.9917 0.9844
0.6983 0.4783 0.3206 0.2097 0.1335 0.0824 0.0490 0.0280 0.0152 0.0078

0.9556 0.8503 0.7166 0.5767 0.4449 0.3294 0.2338 0.1586 0.1024 0.0625
0.9962 0.9743 0.9262 0.8520 0.7564 0.6471 0.5323 0.4199 0.3164 0.2266
0.9998 0.9973 0.9879 0.9667 0.9294 0.8740 0.8002 0.7102 0.6083 0.5000
1.0000 0.9998 0.9988 0.9953 0.9871 0.9712 0.9444 0.9037 0.8471 0.7734
1.0000 1.0000 0.9999 0.9996 0.9987 0.9962 0.9910 0.9812 0.9643 0.9375

1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 0.9994 0.9984 0.9963 0.9922
0.6634 0.4305 0.2725 0.1678 0.1001 0.0576 0.0319 0.0168 0.0084 0.0039

0.9428 0.8131 0.6572 0.5033 0.3671 0.2553 0.1691 0.1064 0.0632 0.0352
0.9942 0.9619 0.8948 0.7969 0.6785 0.5518 0.4278 0.3154 0.2201 0.1445
0.9996 0.9950 0.9786 0.9437 0.8862 0.8059 0.7064 0.5941 0.4770 0.3633
1.0000 0.9996 0.9971 0.9896 0.9727 0.9420 0.8939 0.8263 0.7396 0.6367
1.0000 1.0000 0.9998 0.9988 0.9958 0.9887 0.9747 0.9502 0.9115 0.8555

1.0000 1.0000 1.0000 0.9999 0.9996 0.9987 0.9964 0.9915 0.9819 0.9648
1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 0.9993 0.9983 0.9961
0.6302 0.3874 0.2316 0.1342 0.0751 0.0404 0.0207 0.0101 0.0046 0.0020

0.9288 0.7748 0.5995 0.4362 0.3003 0.1960 0.1211 0.0705 0.0385 0.0195
0.9916 0.9470 0.8591 0.7382 0.6007 0.4628 0.3373 0.2318 0.1495 0.0898
0.9994 0.9917 0.9661 0.9144 0.8343 0.7297 0.6089 0.4826 0.3614 0.2539
1.0000 0.9991 0.9944 0.9804 0.9511 0.9012 0.8283 0.7334 0.6214 0.5000
1.0000 0.9999 0.9994 0.9969 0.9900 0.9747 0.9464 0.9006 0.8342 0.7461

1.0000 1.0000 1.0000 0.9997 0.9987 0.9957 0.9888 0.9750 0.9502 0.9102
1.0000 1.0000 1.0000 1.0000 0.9999 0.9996 0.9986 0.9962 0.9909 0.9805
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9997 0.9992 0.9980
0.5987 0.3487 0.1969 0.1074 0.0563 0.0282 0.0135 0.0060 0.0025 0.0010

0.9139 0.7361 0.5443 0.3758 0.2440 0.1493 0.0860 0.0464 0.0233 0.0107
0.9885 0.9298 0.8202 0.6778 0.5256 0.3828 0.2616 0.1673 0.0996 0.0547
0.9990 0.9872 0.9500 0.8791 0.7759 0.6496 0.5138 0.3823 0.2660 0.1719
0.9999 0.9984 0.9901 0.9672 0.9219 0.8497 0.7515 0.6331 0.5044 0.3770
1.0000 0.9999 0.9986 0.9936 0.9803 0.9527 0.9051 0.8338 0.7384 0.6230

1.0000 1.0000 0.9999 0.9991 0.9965 0.9894 0.9740 0.9452 0.8980 0.8281
1.0000 1.0000 1.0000 0.9999 0.9996 0.9984 0.9952 0.9877 0.9726 0.9453
1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9995 0.9983 0.9955 0.9893
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9997 0.9990

p
n=5x=
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005 010 015 020 025 030 035 040 045 0.50
0.2774 0.0718 0.0172 0.0038 0.0008 0.0001 0.0000 0.0000 0.0000 0.0000

0.6424 0.2712 0.0931 0.0274 0.0070 0.0016 0.0003 0.0001 0.0000 0.0000
0.8729 0.5371 0.2537 0.0982 0.0321 0.0090 0.0021 0.0004 0.0001 0.0000
0.9659 0.7636 0.4711 0.2340 0.0962 0.0332 0.0097 0.0024 0.0005 0.0001
0.9928 0.9020 0.6821 0.4207 0.2137 0.0905 0.0320 0.0095 0.0023 0.0005
0.9988 0.9666 0.8385 0.6167 0.3783 0.1935 0.0826 0.0294 0.0086 0.0020

0.9998 0.9905 0.9305 0.7800 0.5611 0.3407 0.1734 0.0736 0.0258 0.0073
1.0000 0.9977 0.9745 0.8909 0.7265 0.5118 0.3061 0.1536 0.0639 0.0216
1.0000 0.9995 0.9920 0.9532 0.8506 0.6769 0.4668 0.2735 0.1340 0.0539
1.0000 0.9999 0.9979 0.9827 0.9287 0.8106 0.6303 0.4246 0.2424 0.1148
1.0000 1.0000 0.9995 0.9944 0.9703 0.9022 0.7712 0.5858 0.3843 0.2122

1.0000 1.0000 0.9999 0.9985 0.9893 0.9558 0.8746 0.7323 0.5426 0.3450
1.0000 1.0000 1.0000 0.9996 0.9966 0.9825 0.9396 0.8462 0.6937 0.5000
1.0000 1.0000 1.0000 0.9999 0.9991 0.9940 0.9745 0.9222 0.8173 0.6550
1.0000 1.0000 1.0000 1.0000 0.9998 0.9982 0.9907 0.9656 0.9040 0.7878
1.0000 1.0000 1.0000 1.0000 1.0000 0.9995 0.9971 0.9868 0.9560 0.8852

1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9992 0.9957 0.9826 0.9461
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9998 0.9988 0.9942 0.9784
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9997 0.9984 0.9927
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9996 0.9980
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9995

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
n=30,x=0]0.2146 0.0424 0.0076 0.0012 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000

1]0.5535 0.1837 0.0480 0.0105 0.0020 0.0003 0.0000 0.0000 0.0000 0.0000
0.8122 0.4114 0.1514 0.0442 0.0106 0.0021 0.0003 0.0000 0.0000 0.0000
0.9392 0.6474 0.3217 0.1227 0.0374 0.0093 0.0019 0.0003 0.0000 0.0000
0.9844 0.8245 0.5245 0.2552 0.0979 0.0302 0.0075 0.0015 0.0002 0.0000
0.9967 0.9268 0.7106 0.4275 0.2026 0.0766 0.0233 0.0057 0.0011 0.0002

0.9994 0.9742 0.8474 0.6070 0.3481 0.1595 0.0586 0.0172 0.0040 0.0007
0.9999 0.9922 0.9302 0.7608 0.5143 0.2814 0.1238 0.0435 0.0121 0.0026
1.0000 0.9980 0.9722 0.8713 0.6736 0.4315 0.2247 0.0940 0.0312 0.0081
1.0000 0.9995 0.9903 0.9389 0.8034 0.5888 0.3575 0.1763 0.0694 0.0214
10/1.0000 0.9999 0.9971 0.9744 0.8943 0.7304 0.5078 0.2915 0.1350 0.0494

11/1.0000 1.0000 0.9992 0.9905 0.9493 0.8407 0.6548 0.4311 0.2327 0.1002
12{1.0000 1.0000 0.9998 0.9969 0.9784 0.9155 0.7802 0.5785 0.3592 0.1808
13|1.0000 1.0000 1.0000 0.9991 0.9918 0.9599 0.8737 0.7145 0.5025 0.2923
14{1.0000 1.0000 1.0000 0.9998 0.9973 0.9831 0.9348 0.8246 0.6448 0.4278
15/1.0000 1.0000 1.0000 0.9999 0.9992 0.9936 0.9699 0.9029 0.7691 0.5722

16/1.0000 1.0000 1.0000 1.0000 0.9998 0.9979 0.9876 0.9519 0.8644 0.7077
17{1.0000 1.0000 1.0000 1.0000 0.9999 0.9994 0.9955 0.9788 0.9286 0.8192
18/1.0000 1.0000 1.0000 1.0000 1.0000 0.9998 0.9986 0.9917 0.9666 0.8998
19/1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9996 0.9971 0.9862 0.9506
20(1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9991 0.9950 0.9786

21|1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9998 0.9984 0.9919
22/1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9996 0.9974
23|1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9993
24/1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9998
25/1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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005 010 015 020 025 030 035 040 045 0.50
0.1285 0.0148 0.0015 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.3991 0.0805 0.0121 0.0015 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
0.6767 0.2228 0.0486 0.0079 0.0010 0.0001 0.0000 0.0000 0.0000 0.0000
0.8619 0.4231 0.1302 0.0285 0.0047 0.0006 0.0001 0.0000 0.0000 0.0000
0.9520 0.6290 0.2633 0.0759 0.0160 0.0026 0.0003 0.0000 0.0000 0.0000
0.9861 0.7937 0.4325 0.1613 0.0433 0.0086 0.0013 0.0001 0.0000 0.0000

0.9966 0.9005 0.6067 0.2859 0.0962 0.0238 0.0044 0.0006 0.0001 0.0000
0.9993 0.9581 0.7559 0.4371 0.1820 0.0553 0.0124 0.0021 0.0002 0.0000
0.9999 0.9845 0.8646 0.5931 0.2998 0.1110 0.0303 0.0061 0.0009 0.0001
1.0000 0.9949 0.9328 0.7318 0.4395 0.1959 0.0644 0.0156 0.0027 0.0003
1.0000 0.9985 0.9701 0.8392 0.5839 0.3087 0.1215 0.0352 0.0074 0.0011

11{1.0000 0.9996 0.9880 0.9125 0.7151 0.4406 0.2053 0.0709 0.0179 0.0032
12|1.0000 0.9999 0.9957 0.9568 0.8209 0.5772 0.3143 0.1285 0.0386 0.0083
13|1.0000 1.0000 0.9986 0.9806 0.8968 0.7032 0.4408 0.2112 0.0751 0.0192
14{1.0000 1.0000 0.9996 0.9921 0.9456 0.8074 0.5721 0.3174 0.1326 0.0403
15/1.0000 1.0000 0.9999 0.9971 0.9738 0.8849 0.6946 0.4402 0.2142 0.0769

16/1.0000 1.0000 1.0000 0.9990 0.9884 0.9367 0.7978 0.5681 0.3185 0.1341
17{1.0000 1.0000 1.0000 0.9997 0.9953 0.9680 0.8761 0.6885 0.4391 0.2148
18/1.0000 1.0000 1.0000 0.9999 0.9983 0.9852 0.9301 0.7911 0.5651 0.3179
19{1.0000 1.0000 1.0000 1.0000 0.9994 0.9937 0.9637 0.8702 0.6844 0.4373
20(1.0000 1.0000 1.0000 1.0000 0.9998 0.9976 0.9827 0.9256 0.7870 0.5627

21/1.0000 1.0000 1.0000 1.0000 1.0000 0.9991 0.9925 0.9608 0.8669 0.6821
22(1.0000 1.0000 1.0000 1.0000 1.0000 0.9997 0.9970 0.9811 0.9233 0.7852
23/1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9989 0.9917 0.9595 0.8659
24/1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9996 0.9966 0.9804 0.9231
25(1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9988 0.9914 0.9597

26(1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9996 0.9966 0.9808
27(1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9988 0.9917
28(1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9996 0.9968
29(1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9989
30(1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9997

31]1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999
32]1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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005 010 015 020 025 030 035 040 045 0.50
0.0769 0.0052 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.2794 0.0338 0.0029 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.5405 0.1117 0.0142 0.0013 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
0.7604 0.2503 0.0460 0.0057 0.0005 0.0000 0.0000 0.0000 0.0000 0.0000
0.8964 0.4312 0.1121 0.0185 0.0021 0.0002 0.0000 0.0000 0.0000 0.0000
0.9622 0.6161 0.2194 0.0480 0.0070 0.0007 0.0001 0.0000 0.0000 0.0000

0.9882 0.7702 0.3613 0.1034 0.0194 0.0025 0.0002 0.0000 0.0000 0.0000
0.9968 0.8779 0.5188 0.1904 0.0453 0.0073 0.0008 0.0001 0.0000 0.0000
0.9992 0.9421 0.6681 0.3073 0.0916 0.0183 0.0025 0.0002 0.0000 0.0000
0.9998 0.9755 0.7911 0.4437 0.1637 0.0402 0.0067 0.0008 0.0001 0.0000
10|1.0000 0.9906 0.8801 0.5836 0.2622 0.0789 0.0160 0.0022 0.0002 0.0000

11{1.0000 0.9968 0.9372 0.7107 0.3816 0.1390 0.0342 0.0057 0.0006 0.0000
12|1.0000 0.9990 0.9699 0.8139 0.5110 0.2229 0.0661 0.0133 0.0018 0.0002
13|1.0000 0.9997 0.9868 0.8894 0.6370 0.3279 0.1163 0.0280 0.0045 0.0005
14{1.0000 0.9999 0.9947 0.9393 0.7481 0.4468 0.1878 0.0540 0.0104 0.0013
15/1.0000 1.0000 0.9981 0.9692 0.8369 0.5692 0.2801 0.0955 0.0220 0.0033

16/1.0000 1.0000 0.9993 0.9856 0.9017 0.6839 0.3889 0.1561 0.0427 0.0077
17{1.0000 1.0000 0.9998 0.9937 0.9449 0.7822 0.5060 0.2369 0.0765 0.0164
18/1.0000 1.0000 0.9999 0.9975 0.9713 0.8594 0.6216 0.3356 0.1273 0.0325
19{1.0000 1.0000 1.0000 0.9991 0.9861 0.9152 0.7264 0.4465 0.1974 0.0595
20(1.0000 1.0000 1.0000 0.9997 0.9937 0.9522 0.8139 0.5610 0.2862 0.1013

21/1.0000 1.0000 1.0000 0.9999 0.9974 0.9749 0.8813 0.6701 0.3900 0.1611
22/1.0000 1.0000 1.0000 1.0000 0.9990 0.9877 0.9290 0.7660 0.5019 0.2399
2311.0000 1.0000 1.0000 1.0000 0.9996 0.9944 0.9604 0.8438 0.6134 0.3359
24/1.0000 1.0000 1.0000 1.0000 0.9999 0.9976 0.9793 0.9022 0.7160 0.4439
25(1.0000 1.0000 1.0000 1.0000 1.0000 0.9991 0.9900 0.9427 0.8034 0.5561

26|1.0000 1.0000 1.0000 1.0000 1.0000 0.9997 0.9955 0.9686 0.8721 0.6641
27/1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9981 0.9840 0.9220 0.7601
28(1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9993 0.9924 0.9556 0.8389
29/1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9997 0.9966 0.9765 0.8987
30(1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9986 0.9884 0.9405

31]1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9995 0.9947 0.9675
32/1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9998 0.9978 0.9836
3311.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9991 0.9923
34]1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9997 0.9967
35/1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9987

36/1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9995
37/1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9998
38]1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

O 01 L W~ ol
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POISSON CUMULATIVE DISTRIBUTION FUNCTION

The tabulated value is P(X < x), where X has a Poisson distribution with parameter A.

0.5

~

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

5.0

0.6065

0.9098
0.9856
0.9982
0.9998
1.0000

1.0000
1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000

O LW~ ol

— e e et e e e e
O 01 Li AW~ O

0.3679 0.2231 0.1353 0.0821 0.0498 0.0302 0.0183 0.0111

0.7358 0.5578 0.4060 0.2873 0.1991 0.1359 0.0916 0.0611
0.9197 0.8088 0.6767 0.5438 0.4232 0.3208 0.2381 0.1736
0.9810 0.9344 0.8571 0.7576 0.6472 0.5366 0.4335 0.3423
0.9963 09814 0.9473 0.8912 0.8153 0.7254 0.6288 0.5321
0.9994 0.9955 0.9834 0.9580 09161 0.8576 0.7851 0.7029

0.9999 0.9991 0.9955 0.9858 0.9665 0.9347 0.8893 0.8311
1.0000 0.9998 0.9989 0.9958 0.9881 0.9733 0.9489 0.9134
1.0000 1.0000 0.9998 0.9989 0.9962 0.9901 0.9786 0.9597
1.0000 1.0000 1.0000 0.9997 0.9989 0.9967 0.9919 0.9829
1.0000 1.0000 1.0000 0.9999 0.9997 0.9990 0.9972 0.9933

1.0000 1.0000 1.0000 1.0000 0.9999 0.9997 0.9991 0.9976
1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9997 0.9992
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9997
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

0.0067

0.0404
0.1247
0.2650
0.4405
0.6160

0.7622
0.8666
0.9319
0.9682
0.9863

0.9945
0.9980
0.9993
0.9998
0.9999

1.0000
1.0000
1.0000
1.0000
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0.0041

0.0266
0.0884
0.2017
0.3575
0.5289

0.6860
0.8095
0.8944
0.9462
0.9747

0.9890
0.9955
0.9983
0.9994
0.9998

0.9999
1.0000
1.0000
1.0000
1.0000

1.0000
1.0000

—_
(=)

—_— =
[ N O R

N — = = =
SO 00N

[\S)
—_

N
[\

0.0025 0.0015 0.0009 0.0006 0.0003 0.0002 0.0001 0.0001

0.0174 0.0113 0.0073 0.0047 0.0030 0.0019 0.0012 0.0008
0.0620 0.0430 0.0296 0.0203 0.0138 0.0093 0.0062 0.0042
0.1512 0.1118 0.0818 0.0591 0.0424 0.0301 0.0212 0.0149
0.2851 0.2237 0.1730 0.1321 0.0996 0.0744 0.0550 0.0403
0.4457 03690 0.3007 0.2414 0.1912 0.1496 0.1157 0.0885

0.6063 0.5265 0.4497 03782 03134 0.2562 0.2068 0.1649
0.7440 0.6728 0.5987 0.5246 0.4530 0.3856 0.3239 0.2687
0.8472 0.7916 0.7291 0.6620 0.5925 0.5231 0.4557 0.3918
09161 0.8774 0.8305 0.7764 0.7166 0.6530 0.5874 0.5218
0.9574 0.9332 0.9015 0.8622 0.8159 0.7634 0.7060 0.6453

0.9799 0.9661 0.9467 0.9208 0.8881 0.8487 0.8030 0.7520
0.9912 0.9840 0.9730 0.9573 0.9362 0.9091 0.8758 0.8364
0.9964 0.9929 0.9872 0.9784 0.9658 0.9486 0.9261 0.8981
0.9986 0.9970 0.9943 0.9897 0.9827 0.9726 0.9585 0.9400
0.9995 0.9988 0.9976 0.9954 0.9918 0.9862 0.9780 0.9665

0.9998 0.9996 0.9990 0.9980 0.9963 0.9934 0.9889 0.9823
0.9999 0.9998 0.9996 0.9992 0.9984 0.9970 0.9947 0.9911
1.0000 0.9999 0.9999 0.9997 0.9993 0.9987 0.9976 0.9957
1.0000 1.0000 1.0000 0.9999 0.9997 0.9995 0.9989 0.9980
1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 0.9996 0.9991

1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 0.9996
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9999

0.0000

0.0005
0.0028
0.0103
0.0293
0.0671

0.1301
0.2202
0.3328
0.4579
0.5830

0.6968
0.7916
0.8645
0.9165
0.9513

0.9730
0.9857
0.9928
0.9965
0.9984

0.9993
0.9997
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Statistics S3

Candidates sitting S3 may also require those formulae listed under Statistics S1 and S2.

Expectation algebra
For independent random variables X and Y

E(XY)=E(X)E(Y), Var(aX £bY)=a’ Var(X)+b* Var(Y)

Sampling distributions

For a random sample X, X ,..., X of nindependent observations from a distribution having
mean « and variance ¢’

2
X is an unbiased estimator of « , with Var(X) = g
. , , ) . X, - XY
S° is an unbiased estimator of o~ , where §° = ’71
n—
For a random sample of 7 observations from N(u, o)
X-u
~N(0,1)
o/n

For a random sample of n, observations from N(x , O'Xz) and, independently, a random
sample of n, observations from N(u,,, O'j)

(X =Y)=(u,~u,)

~N(0,1)

Correlation and regression

, . L 62d’
Spearman’s rank correlation coefficientis , =1— ﬁ
n(n” —

Non-parametric tests

. (0. —E)?
Goodness-of-fit test and contingency tables: Z# ~

i
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PERCENTAGE POINTS OF THE y 2DISTRIBUTION
The values in the table are those which a random variable with the y * distribution on v degrees of
freedom exceeds with the probability shown.

4 0995 0990 0975 0.950 0.900 0.100  0.050  0.025 0.010  0.005
1| 0.000 0.000 0.001 0.004 0.016 2.705 3.841 5.024 6.635 7.879
2 0.010 0.020 0.051 0.103 0.211 4.605 5.991 7.378 9.210 10.597
3| 0.072 0.115 0216 0352 0.584 6.251 7.815 9.348 11.345 12.838
41 0207 0297 0484 0.711 1.064 7.779 9.488 11.143 13.277 14.860
5| 0412 0554 0.831 1.145 1.610 9.236 11.070 12.832 15.086 16.750
6| 0676 0.872 1237 1.635 2204 10.645 12.592 14449 16.812 18.548
7|1 0989 1239 1.690 2.167 2.833 12.017 14.067 16.013 18.475 20.278
8| 1.344 1646 2.180 2733  3.490 13.362 15.507 17.535 20.090 21.955
9| 1.735 2.088 2700 3.325 4.168 14.684 16.919 19.023 21.666 23.589

10| 2156 2.558 3247 3940 4.865 15987 18307 20.483 23.209 25.188

11| 2.603 3.053 3.816 4575 5.580 17.275 19.675 21.920 24.725 26.757

12| 3.074 3571 4404 5226 6.304 18.549 21.026 23.337 26.217 28.300

13| 3.565 4.107 5009 5892  7.042 19.812 22362 24736 27.688 29.819

14| 4.075 4660 5629 6571  7.790 21.064 23.685 26.119 29.141 31.319

15| 4.601 5229 6262 7.261 8.547 22.307 24996 27.488 30.578 32.801

16 | 5.142 5812 6908 7962  9.312 23.542 26296 28.845 32.000 34.267

17| 5.697 6408 7.564 8.672 10.085 24769 27.587 30.191 33.409 35.718

18| 6.265 7.015  8.231 9.390 10.865 25989 28.869 31.526 34.805 37.156

19| 6.844 7.633 8907 10.117 11.651 27.204 30.144 32.852 36.191 38.582

20| 7.434 8260  9.591 10.851 12.443 28412 31410 34.170 37.566 39.997

21| 8.034 8897 10.283 11.591 13.240 29.615 32.671 35479 38.932 41.401

22 | 8.643  9.542 10.982 12.338 14.042 30.813 33.924 36.781 40.289 42.796

23| 9.260 10.196 11.689 13.091 14.848 32.007 35.172 38.076 41.638 44.181

24| 9.886 10.856 12.401 13.848 15.659 33,196 36.415 39.364 42980 45.558

25| 10.520 11.524 13.120 14.611 16.473 34382 37.652 40.646 44314 46928

26 | 11.160 12.198 13.844 15379 17.292 35.563 38.885 41.923 45.642 48.290

27| 11.808 12.879 14.573 16.151 18.114 36.741 40.113  43.194 46.963 49.645

28 | 12.461 13.565 15.308 16.928 18.939 37916 41337 44461 48278 50.993

29 | 13.121 14.256 16.047 17.708 19.768 39.088 42.557 45722 49.588 52.336

30 | 13.787 14953 16.791 18.493 20.599 40.256 43.773 46979 50.892 53.672
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CRITICAL VALUES FOR CORRELATION COEFFICIENTS

These tables concern tests of the hypothesis that a population correlation coefficient p is 0. The
values in the tables are the minimum values which need to be reached by a sample correlation
coefficient in order to be significant at the level shown, on a one-tailed test.

Product Moment Coefficient Spearman’s Coefficient
Level Sample Level
0.10 0.05 0.025 0.01 0.005 Level 0.05 0.025 0.01

0.8000 0.9000 0.9500 0.9800 0.9900 4 1.0000 - -

0.6870 0.8054 0.8783 0.9343 0.9587 5 0.9000 1.0000 1.0000
0.6084 0.7293 0.8114 0.8822 0.9172 6 0.8286 0.8857 0.9429
0.5509 0.6694 0.7545 0.8329 0.8745 7 0.7143 0.7857 0.8929
0.5067 0.6215 0.7067 0.7887 0.8343 8 0.6429 0.7381 0.8333
0.4716 0.5822 0.6664 0.7498 0.7977 9 0.6000 0.7000 0.7833
0.4428 0.5494 0.6319 0.7155 0.7646 10 0.5636 0.6485 0.7455
0.4187 0.5214 0.6021 0.6851 0.7348 11 0.5364 0.6182 0.7091
0.3981 0.4973 0.5760 0.6581 0.7079 12 0.5035 0.5874 0.6783
0.3802 0.4762 0.5529 0.6339 0.6835 13 0.4835 0.5604 0.6484
0.3646 0.4575 0.5324 0.6120 0.6614 14 0.4637 0.5385 0.6264
0.3507 0.4409 0.5140 0.5923 0.6411 15 0.4464 0.5214 0.6036
0.3383 0.4259 0.4973 0.5742 0.6226 16 0.4294 0.5029 0.5824
0.3271 0.4124 0.4821 0.5577 0.6055 17 0.4142 0.4877 0.5662
0.3170 0.4000 0.4683 0.5425 0.5897 18 0.4014 0.4716 0.5501
0.3077 0.3887 0.4555 0.5285 0.5751 19 0.3912 0.4596 0.5351
0.2992 0.3783 0.4438 0.5155 0.5614 20 0.3805 0.4466 0.5218
0.2914 0.3687 0.4329 0.5034 0.5487 21 0.3701 0.4364 0.5091
0.2841 0.3598 0.4227 0.4921 0.5368 22 0.3608 0.4252 0.4975
0.2774 0.3515 0.4133 0.4815 0.5256 23 0.3528 0.4160 0.4862
0.2711 0.3438 0.4044 0.4716 0.5151 24 0.3443 0.4070 0.4757
0.2653 0.3365 0.3961 0.4622 0.5052 25 0.3369 0.3977 0.4662
0.2598 0.3297 0.3882 0.4534 0.4958 26 0.3306 0.3901 0.4571
0.2546 0.3233 0.3809 0.4451 0.4869 27 0.3242 0.3828 0.4487
0.2497 03172 0.3739 0.4372 0.4785 28 0.3180 0.3755 0.4401
0.2451 0.3115 0.3673 0.4297 0.4705 29 03118 0.3685 0.4325
0.2407 0.3061 0.3610 0.4226 0.4629 30 0.3063 0.3624 0.4251
0.2070 0.2638 0.3120 0.3665 0.4026 40 0.2640 0.3128 0.3681
0.1843 0.2353 0.2787 0.3281 0.3610 50 0.2353 0.2791 0.3293
0.1678 0.2144 0.2542 0.2997 0.3301 60 0.2144 0.2545 0.3005
0.1550 0.1982 0.2352 0.2776 0.3060 70 0.1982 0.2354 0.2782
0.1448 0.1852 0.2199 0.2597 0.2864 80 0.1852 0.2201 0.2602
0.1364 0.1745 0.2072 0.2449 0.2702 90 0.1745 0.2074 0.2453
0.1292 0.1654 0.1966 0.2324 0.2565 100 0.1654 0.1967 0.2327
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13
78
48
56
09
32
02
71
79
97
51
99
96
84
64
87

25
22
70

84
48
06
90
39
32
49
53
72
92
94
52
23
55
89

97
55
83
10

07 30
99 47
82 26
66 94
66 31
91 65
97 44
05 93
14 76
10 01
12 48
13 43
46 12
27 06
25 25
15 11
77 04
66 47
15 21
94 71
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Statistics S4

Candidates sitting S4 may also require those formulae listed under Statistics S1, S2 and S3.

Sampling distributions

For a random sample of n observations from N(u, o)

(n-1s*>
e ~Xua
X - L o
2y (also valid in matched-pairs situations)

S/‘\/; n—-1

For a random sample of n_ observations from N(,ux s o"f) and, independently, a random
sample of n, observations from N(ﬂy, g)z;)

S?/o?

S}Z /O'j Myl =l

If 0} =07 =0’ (unknown) then
(X =Y)—(u, ~p) (n, =S’ +(n, -DS;

n+n —2
x y

2
where Sp =
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PERCENTAGE POINTS OF STUDENT’S ¢ DISTRIBUTION
The values in the table are those which a random variable with Student’s ¢ distribution on v degrees
of freedom exceeds with the probability shown.

v 0.10 0.05 0.025 0.01 0.005
1] 3.078 6.314 12706  31.821  63.657

2 1.886 2.920 4.303 6.965 9.925

3 1.638 2.353 3.182 4.541 5.841

4] 1.533 2.132 2.776 3.747 4.604

5 1.476 2.015 2.571 3.365 4.032

6| 1440 1.943 2.447 3.143 3.707

7 1.415 1.895 2.365 2.998 3.499

8 1.397 1.860 2.306 2.896 3.355

9| 1.383 1.833 2.262 2.821 3.250
10 1.372 1.812 2.228 2.764 3.169
11| 1.363 1.796 2.201 2.718 3.106
12 1.356 1.782 2.179 2.681 3.055
13 1.350 1.771 2.160 2.650 3.012
14 1.345 1.761 2.145 2.624 2977
15 1.341 1.753 2.131 2.602 2.947
16 | 1337 1.746 2.120 2.583 2.921
17 1.333 1.740 2.110 2.567 2.898
18 1.330 1.734 2.101 2.552 2.878
19| 1.328 1.729 2.093 2.539 2.861
20 1.325 1.725 2.086 2.528 2.845
21| 1323 1.721 2.080 2.518 2.831
22 1.321 1.717 2.074 2.508 2.819
23 1.319 1.714 2.069 2.500 2.807
24| 1318 1.711 2.064 2.492 2.797
25 1.316 1.708 2.060 2.485 2.787
26 | 1315 1.706 2.056 2.479 2.779
27 1.314 1.703 2.052 2473 2.771
28 1.313 1.701 2.048 2.467 2.763
29 | 1311 1.699 2.045 2.462 2.756
30 1.310 1.697 2.042 2.457 2.750
32| 1.309 1.694 2.037 2.449 2.738
34 1.307 1.691 2.032 2.441 2.728
36 1.306 1.688 2.028 2.435 2.719
38| 1.304 1.686 2.024 2.429 2.712
40 1.303 1.684 2.021 2.423 2.704
45 | 1.301 1.679 2.014 2.412 2.690
50 1.299 1.676 2.009 2.403 2.678
55 1.297 1.673 2.004 2.396 2.668
60 1.296 1.671 2.000 2.390 2.660
70 1.294 1.667 1.994 2.381 2.648
80| 1.292 1.664 1.990 2.374 2.639
90 1.291 1.662 1.987 2.369 2.632
100 1.290 1.660 1.984 2.364 2.626
110 1.289 1.659 1.982 2.361 2.621
120 1.289 1.658 1.980 2.358 2.617
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PERCENTAGE POINTS OF THE F DISTRIBUTION

The values in the table are those which a random variable with the F distribution on v; and 1,
degrees of freedom exceeds with probability 0.05 or 0.01.

Probability | pp/y; | 1 2 3 4 5 6 8 10 12 24 e
1| 1614 1995 2157 2246 2302 2340 2389 2419 2439 249.1 2543
211851 19.00 19.16 1925 1930 1933 1937 1940 1941 1946 19.50
301003 955 928 912 901 894 885 879 874 864 853
41 771 694 659 639 626 616 604 59 591 577 563
5| 661 579 541 519 505 495 482 474 468 453 437
6| 599 514 476 453 439 428 415 406 400 384 3.67
7| 559 474 435 412 397 387 373 364 357 341 323
8| 532 446 407 384 369 358 344 335 328 312 293
9| 512 426 386 3.63 348 337 323 314 307 290 271
10| 496 410 371 348 333 322 307 298 291 274 254
11| 484 398 359 336 320 3.09 295 285 279 261 240

0.05 12| 475 389 349 326 311 300 285 275 269 251 230
14| 460 374 334 311 296 285 270 260 253 235 2.13
16| 449 3.63 324 301 285 274 259 249 242 224 201
18| 441 355 3.6 293 277 266 251 241 234 215 1.92
20| 435 349 310 287 271 260 245 235 228 208 184
25| 424 339 299 276 260 249 234 224 216 196 1.71
30| 417 332 292 269 253 242 227 216 209 189 1.62
40| 408 323 284 261 245 234 218 208 200 179 1.5l
60| 400 315 276 253 237 225 210 199 192 170 139
120 392 307 268 245 229 218 202 191 183 161 125
w| 384 300 260 237 221 210 194 183 175 152 1.00
1| 4052. 5000. 5403. 5625. 5764. 5859. 5982. 6056. 6106. 6235. 6366.
219850 99.00 99.17 99.25 9930 9933 9937 99.40 99.42 99.46 99.50
3 (3412 3082 2946 2871 2824 2791 2749 2723 27.05 2660 26.13
412120 18.00 1669 1598 1552 1521 14.80 14.55 1437 13.93 13.45
501626 1327 1206 1139 1097 10.67 1029 1005 989 947  9.02
61370 1090 978 915 875 847 810 787 772 731 688
701220 955 845 785 746 7.9 684 662 647 607 565
81130 865 759 701 663 637 603 581 567 528 486
91060 802 699 642 606 580 547 526 511 473 431
10]1000 756 655 599 564 539 506 485 417 433 391
11| 965 721 622 567 532 507 474 454 440 402  3.60

0.01 12| 933 693 595 541 506 482 450 430 416 378 336
14| 886 651 556 504 470 446 414 394 380 343  3.00
16| 853 623 529 477 444 420 389 369 355 318 275
18] 829 601 509 458 425 401 371 351 337 3.00 257
20| 810 585 494 443 410 387 3.56 337 323 286 242
25| 777 557 468 418 386 3.63 332 313 299 262 217
30| 756 539 451 402 370 347 317 298 284 247 201
40| 731 518 431 383 351 329 299 280 2.66 229 1.80
60| 7.08 498 413 365 334 3.2 282 263 250 212 160
120 685 479 395 348 317 296 266 247 234 195 138
w| 663 461 378 332 302 280 251 232 218 179 1.00

If an upper percentage point of the F distribution on v, and v, degrees of freedom is /', then the
corresponding lower percentage point of the F distribution on 1, and v, degrees of freedom is 1/ f".
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What do | need to know, or be able to do, before taking this courge

This course is suitable for students who have achieved at least a grade C at Hi gher tier in GCSE
Mathematics.

What will | learn?

Mathematics at AS and Advanced GCE is a course worth studyin g notonly as a supportin g sub ject
for the physical and social sciences, but in its own ri ght. Itis challen ging but interestin g. It builds
on work you will have met at GCSE, but also involves new ideas produced by some of the greatest

min ds of the | ast millenni um.

While studyin g mathematics you will be expected to:
e use mathematical skills and knowled ge to solve problems

e solve problems by usin g mathematical ar guments and lo gic. You will also have to understand
and demonstrate what is meant b y proof in mathematic s

« simplify real-life situations so that you can use mathematics to show what is happenin g and
what mi ght happen in different circumstance S
e use the mathematics that you learn to solve problems that are given to you in a real-life contex t

e use calculator technolo gy and other resources (such as formulae booklets or statistical tables)
effectivel y and a ppropriatel y; understand calculator limitations and when it is ina ppro priate to
use suc h tec hnology.

Edexcel GCE in Mathematics © Edexcel Limited 2007 Getting Started



Student Guide @ @

Mathematics is divided into four branches:

Pure Mathematics C1, C2, C3, C4 (coverin g the A level Pure Core content) and FP1, FP2,
FP3 (coverst he Furt her Mat hemat ics Pure content )

When studyin g pure mathematics at AS and A2 level you will be extendin g your knowled ge of such
topics as al gebra and tri gonometry as well as learnin g some brand new ideas such as calculus.

While many of the ideas you will meet in pure mathematics are interestin g intheirownri ght, they
also serve as an important foundation for other branches o  f mathematics, especially mechanics and
statistics.

Mechanics (M1, M2, M3, M4, M5 )

Mechanics deals with the action of forces on ob jects. It is therefore concerned with many everyday
situations, e. g. the motion of cars, the Bight of a cricket ball throu gh the air, the stresses in brid ges,
the motion of the earth around the sun. Such problems have to be sim  plibed or modelled to make

them capable of solution usin g relatively simple mathematics. The study of one or more of the

Mechanics units wi Il enable youtouset he mat hematica | tec hniques w hich you learnint he Core units
to hel p you to produce solutions to these problems. Man y of the ideas you will meet in the course

form an almost essential introduction to such important modern Pelds of study such as cybernetics,
robotics, bio-mechanics and sports science, as well as the more traditional areas of en gineerin g
and physics.

Stat istics (S1,S2,S3,S4 )

When you stud y statistics you will learn how to anal ~ yse and summarise numerical data in order to

arrive at conclusions about it. You will extend the ran ge of probability problems that you looked
atin GCSE usin g the new mathematical techniques learnt in the pure mathematics units. Many o f
the ideas in this part of the course have applications in a wide ran ge of other belds, from assessin g

what your car insurance is going to cost to how likely it is that the Earth will be hit by a comet in the
next few years. Many of the techniques are used in sciences and social sciences. Even if you are not
going on to study or work in these belds, in today’s society we are bombarded with information (or
data) and the statistics units will give you useful tools for lookin g at this information critically and
efbcientl y.

Decision Mathematics (D1,D2 )

In decision mat hematics youwi Il learn how to so Ive pro blems invo Ivin g networ ks, systems, p lannin g
and resource allocation. You will study a ran ge of methods, or al gorithms, which enable such

problems to be tackled. The ideas have many important applications in such different problems as

the desi gn of circuits on microchips to the schedulin g of tasks required to build a new supermarket.
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