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E(x)= SxP(X =n)
E(X\‘]' XL+"'+XV\): n E(K)

€ = Zx* Plx=x)
Vav (x) = E(x) - [E(x)}*

o \i Vav (x)

E(aX +b)=aE&) 1+ )
Var(aX £L)= a* Vav(x)

Buomial  Distnlyfion /_\
E(x)=np Vaw (X) = np (1 -p)  ouby %ﬂ
X~B (v, P - poy ?Dggt\o\e 0
—’-\ np>S 4 npa>3s
X~ N(np, npay) L o e sppeimted g
o noral AﬁV3bbW-
Plx=v)= () #(1-p)"
@gum}ﬂjw& D n '\V\Aefewa\em‘f VQ?QerEO‘ Avials
D) Froloability o “suecess" of each tia| vemaing onstait ([ Aenoed by P).
GC o

+ Prababilihy Placxe) - P(3< X <€)
o bMOW\roH-’ fov P(x=v) = F(Xs ‘9) - F(XSZ)
= binomcedf fv P(x<v)
Given In G.C, use Graph/Table
I L 1 Use “table’ (since n 1s a positive
X ~ B(n, 2—0], Y = bmnmcdf()(,ﬁ , IDJ integer)
P(X < 10] >0.995
X ~ B(10, p), Y = binompdf (10, X, 3) Use ‘graph’ - set window, Xmin,
P(X = 3)=0.2013 Xmax, Ymin, Ymax to between 0
and 1 (since p 1s a probability)

X ~B(18,0.1), Y = binomedf (18,0.1, X —1) | Use ‘table’ (since r is a positive
P(X < r) >09 integer)
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Didvibution
. Non-Normal/Unknown distribution
Normal Population P .
opulation
3 = X ~ N[,u,o-—_] approx.
Known X~ N[,LI,7J "
population and i
variance and X1+X2+...+ Xﬂ ~N(nﬂ,n0")
. X, +X,+..+X, ~N (ny,no‘z) .
for any sample size n by Central Limit Theorem where
n=30
2 X~N| u S— approx
X~ N[;LS—} approx. # n REEOR.
Unknown n X by Central Limit Theorem where
population where n 1s large n=30
variance *In our syllabus, if the population
variance is unknown, the sample size n
will be large.
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H2 Mathematics (9740)

Chapter 11: Permutations and Combinations

Chapter 11: Permutations and Combinations

Multiplication principle: If an operation 4 can be
completed in m ways, a second operation B performed

Addition principle: If there are two or more non—
overlapping categories of ways to perform an

Co‘unfmg operation, and there are m ways in the first category, in n ways and the last operation in k ways, the
principles . . . . .
n ways in the second category and k£ ways in the last successive operations can be completed in
category, there are (m + n + ... + k) to perform it. mXnXx...Xkways.
A permutation is No. of ways to arrange » distinct objects in a straight line... n!
an ordered i i Note: If there are 2 objects that n!
arrangement of ---where p of them are identical. must be together, treat them as a P!
. objects mainly single unit and multiply 2!. If
Permutations d to find bi b d. ol n!
concerned to fing ..and ¢ of them are identical. objects must be separated, place 2
the total number them between the gaps of the row. rlq!
of ways to arrange ] . ] ] ] ]
objects. No. of ways to arrange r objects out of » distinct objects in a straight line "Pr
No. of ways to choose r objects from 7 distinct objects "Cr
If  different balls are distributed to » different urns (such that any urn can on
contain any number of balls), then number of outcomes...
L Note: When restrictions are given, they must be satisfied first before the number of
A combination is L . . . . .
combinations is selected. This can be done by breaking down into different cases,
an unordered . . .
. . calculating separately and adding/subtracting them.
Combinations selection of a

Some useful techniques:

1. Complementary technique

2. Grouping technique (order must be taken into account)

3. Insertion technique (order must be taken to account — use for 3 or more objects)
Note: When subdividing into groups of equal number, remember to divide by the
number of groups.

number of objects
from a given set.

Permutations in
a circle

No. of ways of arranging » distinct objects in a circle if:

The positions are distinguishable: n!=nx(n—1)!

!
The positions are indistinguishable: T (n—1)!
n

Note that seats become distinguishable if seats are numbered, different colour and different shapes/sizes.

Chapter 12: Probability

Probability of

No. of outcomes event occurs _ n(4)

P(4) = - =

an event No. of possible outcomes n(S)
Complimentary P(4)+P(4") =1
Events
Addition Law P(A4 or B) =P(A4) +P(B)—P(A4 and B) P(AUB)=P(A)+P(B)—P(ANB)
Mutually 2 events are mutually exclusive if they cannot occur together (within a situation)
exclusive events P(4nB)=0 \ P(4UB)=P(4)+P(B) | P(4|B)=0o0rP(B| 4) =0
Conditional P(B| A) = P(AnB) P(A|B) = P(Bn4) If 4 and B are mutually exclusive,
Probability P(A) P(B) P(4 | B)=0 (Since B occurs, 4 wont occur, vice versa)
Independent 2 events are independent if the occurrence of one does not affect the other (between diff. situations)
Events P(4|B)=P(4) ‘ P(B| A)=P(B) | P(AnB)=P(4A)P(B)*
Oth ful Few stages with Diff. probabilities Small sample P&C method: Only Sequences and

er ushe " few outcomes: for diff. events: space: Table of WITHOUT Series: For turn-by-
approaches Tree diagram Venn diagram outcomes replacement turn situations

Tree diagram

How to use a tree diagram:
1. Multiply the probabilities along the branches to get the end results
2. On any set of branches that meet up at a point, the probabilities must add up to 1.
3. Check that all end results add up to 1.
4. To answer any question, find the relevant end results. If more than one satisfy the requirements, add
these end results together.

Other formulas

P(AUB)=1-P(U'"B) | P(ANB)=1-P(A'UB) [ PU)=PUNB)+P(UnB) | P('|B)+1-P(A|B)

Notes

“and” means ~ (i.e. multiply) whereas “or” means U (i.e. add)
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Chapter 16: Hypothesis Testing

Chapter 16: Hypothesis Testing

Ho (nulll Particular claim for a value for the population In hypothesis testing, we try to reject Ho
hypothesis) mean. . 7 .
- - as far as possible as it is a more reliable
H, (alternative | Range of values that excludes the value specified . .
. . claim compared to do not reject Ho.
hypothesis) by null hypothesis.
Test statistic Random variable whose value is calculated from sample data.
... . Range of values of the test static that leads to the rejection of Ho The value of ¢ which
Critical region . L L .
determines the critical region is known as the crifical value.
Important Probability of rejecting Ho given that Hy is true. (usually around 0.05)
definitions Level of e Ifaresultis significant at 0%, then it is also significant at any level greater than a%.
significance, a e Ifaresultis not significant at 0%, then it is also not significant at any level < 0%.
e  The p—value is the smallest level of significance at which Hy can be rejected.
Probability of observing a p-value < a p-value > a
value of the test statistic as . L.
T . Test statistic does not lie in
p-value extreme or more extreme Test statistic lies in the critical . .
. . . . the critical region, hence we
than the one obtained, given region, hence we reject Ho. .
- do not reject Ho.
that Ho is true.
Left-tail test Right-tail test 2-tail test
T A change in the A change in the A difference in either direction. Hy: 1 # po.
ypes of tests L . L S .
decrease direction. increase direction. | Note that a (and p-value) is divided equally
Hi: u< o Hi: u> 1o between the 2 tails of the critical region.
e True when population distribution is Normal However, when population variance is
and the population variance is known this holds | unknown, we use s* instead of 62.
for any sample size, large or small. = s?
e  Also true when population size is large when Under Ho, X~N| 4 0
. population distribution is unknown. When 7 is ¥
tHy:Jothests z-test large >50, by central limit theorem, ... approximately, test statistic 7 = 2—£0
ests 2 s*/n
- (o .
Under Ho, X ~ N{M»;] (approximately), test approximately where
X- 2 1 (Zx)2 1 2
statistic Z = Xt (approximately). = -1 Z"_ PR Z(x—x)
No?/n
Use when 7 is small and population variance is unknown.
- Given (or assume) that the population distribution is normal,
-test > -
_ 2 . s X —p,
Under Hy, X ~ N[,u ,O-—J approximately, test statistic 7= -—%~1(n-1).
" n NS/ n
Critical region method (if x, 1, or n is unknown) p-value method

1. Write down Hop and H;. 1. Write down Ho and H;.

2. Determine an approximate fest statistic and its 2. Determine an approximate fest statistic and its
distribution. distribution.

General 3. Identify the level of significance, o (from qn) 3. Identify the level of significance, o (from qn)
hypothesis 4. Determine the critical region. Multiply by 2 if 4. Compute the test statistic (using G.C.)

testing there is a 2-tail test. 5. Find the p-value (from G.C.). Multiply by 2 if there
procedure 5. Compute the fest statistic (using G.C.) is a 2-tail test.

6. Determine if the test static lies within the critical 6. Determine if the test static lies within the critical
region, and state conclusion in context of the region, and state conclusion in context of the
problem. (since z = (<or>) , we (reject problem. (sincep=__ (<or>)a=__ , we (reject
/ do not reject Hpat % of significance and / do not reject Hpat % of significance and
conclude that there is sufficient evidence that ...) conclude that there is sufficient evidence that ...)

H2 Mathematics Summarised Formt

The
Normal
Distributicn
H : :
H : :
g i i
s : H .
/ ' 95% offalues ' \
Vs H : . H
2. H . . H 2582
Probability of Cases . 97% olfalues
in portions of the curve w0OONI_f” w002y wDNISH w0343 “D3413 02T, wDONIA Sy 2000N
i B e DL N N
Cumulative % 1% 23% 15.9% S0 84.1% 97.7% 99.9%
Zscores -40 =30 20 -10 o +10 +20 30 +40
E Last updated 19 October
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Chapter 17: Correlation and Regression

17. Correlation and Regression

e A sketch where each axis represents a variable and each point represents an observation.
e Controlled variable is usually plotted at x-axis (usually stated from question).

r=0
r=+1 r=1
» . Curved line
. Ll
Scatter . .
diagrams . *
L . . . .
L] .
.
a b c d
Positive linear correlation | Negative linear correlation | No linear correleation | Non-linear correleation
e The product moment correleation coefficient, e DG=N0-y)
denoted by 7, measures the strength and direction \/{Z = ;):} {Z = _;)2}
Product of a linear correleation between the 2 variables. 7oe
moment e —l<r<l 2
correlation | o«  Anomalies are removed from a set of bivariate data B 2= n
coefficient to calculate an accurate value of 7. B (Zx)z (Z )z
e There may not be direct cause-effect relationship =l 1Yy - \ar)
between the 2 variables. n n
The linear regression fits a straight line in the scatter diagram.
Least squares regression line of y on x Least squares regression line of x on y
y—y=b(x—x) where x—x=d(y—y) where
B _ x>y Both regression lines B _ x>y
be D-D0-y) 2= 7 intersect at (x,y) Je > x-D)-) 2w- PR
(=) x) -y )
) s (2 To- (2
n n
¥
yonuxand
xon y coincide
Regression
lines
r=0.5
y
y on x and . )
x ony coincide J”/:
= yonx
S 4
r=-1 -1<r<-08 r=-0.5
. Case Estimate y given x Estimate x given
Choice of - - V& ‘ & Y
. x is controlled, y is random Use y onx
regression - -
. y is controlled, x is random Usexony
line -
Both x and y is random Use y onx Usexony
Interpolation Interpolating: Estimation using a value within the Extrapolation: Estimation using a value outside the
extrapolation given range of data. given range of data (unreliable and should be avoided)
Non-linear model Variable Y Variable X
y=a+bx’ y x?
Linear law b 1
X X
y=ax’ Iny Inx
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