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merical Methods have been catered for. The topics there in have
een comprehensively covered to cater for the increasing demand by
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Example

The wages and wage bills for a group of workers in a factory for
two years are shown in the table.

Let S-skilled, U- unskilled and M- semi-skilled

Year 1986 Total) Year 1986  Total

Wage (shs) wage Bill (shs) Wage (shs) wage Bill (shs)
S 7500 225,000 10,000 320,000
M 4000 160,000 4800 240,000
U 3500 157,000 4200 193,200
Determine

.. The weighted average wage for each year
ii. The wageindex in 1989 taking 1986 as the base year.

Solution o
et N be the number of workers, W be wage in shillings.

W, N Total Wage W, N Total Wage
7500 30 225,000 10,000 32 320,000
4000 40 160,000 4800 50 240,000
3500 45 157,500 4200 46 193,200
Total 115 542,500 128 753,200

Weighted average wage for 1986 is
342,500 _ 4 717.40/ =

115
Weighted average for 1989 1s

733,200 _ 5 884.40/ =
128
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COMBIN ATIONS

A combination is a selection of an object in which no regard is paid to
the order.

Example

Listall the three combinations that can be formed from the five students
A, B, C.D, E and hence state the number of combinations.
ABC,2BD, ABE,ACD,ACE,ADE, BCD, BCE, BDE and CDE
Thus 10 three-student combinations can be formed.

The number of permutations of three letters from A, B, C, D, E are
T St 120
(5-3) 2

NOTE: The number of permutations

= 3! x (the number of combinations)

.. The number of combinations= 5! ~10
30!
In general, the number of combinations of r objects chosen unlike
objects is written as "C_or

TR

Example

A committee of four people is formed from nine people. In how many
ways can this be done

9 9
Co=  (o-2)a sm

= 9x8x7x6x5! LR XBRxTs
= = 126 committee’s
4x3x2x1x5 4

84
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Solution
Let M man passes and W woman passes
P(M AW)=P(M) P(W)

S

S =)

e ——ee

T'he probability that both pass :%
Example

The probability that a student S can solve g certain problem is 0.4
and that of student L can solve it is 0.5. Find the probability that the
problem will be solved if both S and . try to solve it independently.

Solution
P(SUL)=P(S)+P(L)-P(S N L)
But P(SL)= P(S)P(L) for independent events

P(SUL)=0.4 + 0.5-0.4x0.5
=0.9-0.2

=07
.. the probability that the probability will be solved =()

Example &
A and B are two independent events, show that Aand B are

independent.

Solution

P(AN B)=P(A)P(B) for independent events
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0.7 P(B)

0.1

P(B)=P(M n B)+P(AN B)+P(N N B)
~0.55x0.7 +0.3x0,2 +0.15x0.1=0.46
P(M A B)=0.55x0.7=0.385

P(M N B)
= P(M | B)= P(B)
0385
046
. P(M|B)=0.84

tample

ree candidates have been nominated for post of welfare prefect in
hool. The probability that candidate A will be elected is 0.1, that for
ndidate B is 0.2 while candidate C is 0.3. Itis expected that, the
tertainment fee will be increased if any one of these is elected as

=

120
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Exercise

1. (a) Define the independence of two events A and B, Given that A
and B are independent events in a sample space such that

i- P(__-"':_' - (IH({ ]j('jk_";) OR. I/E,"{

wh |

i P[B) P(_:j L__JE{)

(b) In a certain town the probability that a person owns a car is (.25,
Given that the probability that a person who owns a car is a university
graduate 1s 0.2. Find the probability that a person selected at random
owns a car and is a university graduate.

11

(i) P(A U B)=—

S pEy= 2
Answer (a) (1) P(B)= 3° T

(b) P(C N G)=0.05

2. In a certain country, 60% of'the cars are privately owned, of the
privately owned cars 70% are small, whereas of the cars, which are
not privately owned 40% are small. Independent of ownership 20%
of the small cars and 30% of the large cars are less than two years
old. Ifa caris choosen at random, calculate the probability that:

i Thecarissmall

ii. Thecarisprivately owned given that it is large

i. The car is privately owned, large and more than two years

old.

iv. Thecaris large, given thatitis privately owned and more than
to years old.
Answer (i) P(5)=0.58, (i) P(P | L)=0.43

W) P(PNLN0O)=0.126  (jii) P(L|P n0)=0.273

-1 127 f——— ——
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a) 4 black and 4 white beads
b) Thﬂsamenumbersnfeachmlnwasitdidlmm]‘ itially

25 19
Answer(a) — —
72 ®) 36

(a) Find the probability that the ball is red,
(b) the probability that the ball came from !
that it is red. oy

Answer (a) .!.8_. S
® 12

19. Aschoolisdiﬁdedinmmmm,m |
200girs, O-eve, 400 gl and 300 boys.Astudentis seec
umﬂmﬂmum&ﬁhmﬂmmﬁﬁm el o &
lMMuMﬁmmmmm
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Exercise

L. Arandom variable T has the following probability distribution.
PIT=1)=0.1, P(T=2)=0.2, (T=3)=0.3. P(T=4)= 0.4, show that
the distribution above is 2 probability distribution

Determine:

L The expected value and variance of T
L P(T=2|T>2)

2
Answer E(T)=3, Var(T)=1 P(T=2 >2)= =

2. For each of the following random vaiable write out the proability
distributions

a) Thenumber of heads obtained when two fair coins are tossed

b) The sum of the scores when two ordinary dice are thrown.

c) Thenumber of threes obtained when two tetrahedral are
thrown

d) Thenumerical value ofa digit chosen from a set of random
number table
e) Thenumber of tails obtained when three fair coins are tossed.
f) The difference between the number when two ordinary dice
are thrown
3. Acomputer is made to produce randomly the number 0, 1,2, ...
9, what is the expected value and variance of the numbers so
produced?

Answer E(X)=4.5, Var(X)=8.25

4. A discrete random variable X takes integer values between 0 and 5
inclusive with probabilities given by

158
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Answer: 0.6993
10. A cross world puzzle is published in the times each day of the

week, except Sunday. A manis able to complete on average 8
out of 10 of the cross word puzzles.

(a) Find the excepted value and the standard
deviation of the number of completed cross "
words in a given week. 7‘
(b)  Show that the probability that he will complete
at least 5 in a given week is 0.655
(to 3 significant figure)
Answer: (a) 4.8, 0.98

11. At acertain hatchery, records taken over several months
have shown that the ratio of male to female chicks hatched
has been 4 : 6. Basing on this experience, what is the
probability that there will be more female chicks in arandom
collection of a dozen chicks from this hatchery?

Answer 0.6652

' A machine producing electrical components occasionally
makes faulty ones. In a batch of 20 such components, 5
: nd to -be faulty AsamPle of 3 of this batch is taken
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(c) GRAPHOF f(x) -
fix)
08t
0.6 y
04| d
fix)y=x/8 ; ~ -
0.2 :
yr—
—— |
A continuous random variable has a p.d.f where
{ kx O<x<2
) Cfix)=9 k(d-x) 2<x<4
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A Comprehensive Approach to Advanced Level Statistics & Numerlcal Methods

E(X?) = 25 +-I;‘-:_@ +25- 400

E(X?) =116.667

Var(X)=116.6667 — (10)>= 16.6667
Var(9X) = 9*Var(X) = 81 Var(X) =
81 x 16.6667 = 1,350.

Assignment
The mass X kg of loaves of bread produced per hourin certain bakery
is modeled by a continuous random variable with aprobability function
givenby:

kx? 0<x<2
fix) = k(6—x) 2<x<6

0 otherwise
(a) find the value of k

(b) Giventhata 1 kg loaf'is sold at Ushs. 1500 and the running costs
of baking is 1200/= per hour. Taking Y/= as the profit made in each
express Y in terms of X, hence find E(Y).

202
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6.2 PROPERTIES OFTHE NORMAL CURVE

Numerical Methods

————
————

) The curves is symmetrical about the mean K.
(i) The curve never touches the x-axis i e itis asymptotic to

the x-axis.

(iii) The total area under the curve and above the x-axis is 1 _
(iv)  The mean, median and mode coincide at the maximum
value of the function i.e the mode occurs ata point on the

horizontal axis where x = LL.

Area under the normal curve.

The area under the normal curve is used to obtain probabilities

P(a<x <b)

b

S

————

|
f

i

|
(l

_|l
i'i

|

g

i

a

= Pla<x <b)= j¢(x)dx=A

i

R

il

6.3 STANDARDIZATION OF NORMAL DISTRIBUTION

CURVE

The equation of the ‘normal” curve is complicated to integrate. Itis

often desirable to simplify it. This can be done as follows, We replace
our original variable X by a new standardized variab]e Z.

where Z = X - U
o
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Example

A random variable X is normally distributed with mean 50 and
standard deviation 10. Find the probability that X assumes a value
between 45 and 62,

Solution: =10, u=50, P@45<X< 62)

=P(45<X<62)=

P[4S~SO<Z<62—50
10 10

P(-0.5<Z<1.2)=0.1915+0.3849 (Zab)
P(45< X <62)=0.5764

Example

In an external examination, the scores are normally distributed with
mean 120 and standard deviation 15. Ifa score of 100 is required
to pass the examination, whatis the probability that a candidate
chosen at random has failed the examination?

Solution:
p=120,0=15 fromZ= X~ K
o

Z=100-120 _ ;335

P(He scores less than 100)=P(Z <-1 333)
P(Z <-1.333) = (Z > 1.333) by symmetry
P(Z>1.333)=0.5-P (0 <Z<1.333)

~ 0.5- 0.4087 (Tab)

P (Z <-1333)=0.0913.
P(A candidate failed) =0.0913.
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(c) The pass mar:i;
P(X > 48) =P(Z>Z)

o b
T 5889

Z,=-0.391
P(Z>-0391)=P(-0391 <Z<0)+P(Z>0)
P(Z>0)=0.5
P(-0.391 < Z < 0) = P(0 < Z 0.391) By symmetry i
P(0 < Z <0.391)=0.1521 ;
P(Z > -0.391) = 0.5 + 0.1521
P(X > 48) = 0.6521

The probability of more students is
0.6521 —0.5203 =0.1318

number of students
0.1318 x 700 *
=092 students

6.6 DISTRIBUTION OF SAMPLE MEAN
FROM ANORMAL POPULATION

Ifx,, x, ...X_isarandom sample of size n taken from a normal
| uti “ﬁthmmnpandvaﬁancco’suchthatX~N(p,c’)thm

ﬂ:cdim-ihmﬂnaf x is also normally distributed with mean p and

-
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Exercise
ype A cod is normally distributed with mean of

d deviation of 0.1cm. The length of another type
huted with a mean of 20cm and standard
Arod to be acceptable, its length must
d fora type B rod the length must

| The lengthotat
15cm and a standar
R rod is also normally distri
deviation 0.16cm. Foratype
be between 14.8cm and 15.2cm an
be between 19.8cm and 20.2cm.

e Arodis of acceptable length?

i What proportion of typ
t one of them is of acceptable length?

¢ Whatistheprobability tha

Answer
i) Acceptable len
Acceptable length for type Bis 78.8

7 The lifetime of a bulbis normally distributed with a mean of 800
hours and standard deviation of 80 hours. The manufacturer guarantees

ace bulbs, which blow before 660 hours.
What percentage of the bulbs will he have to replace under

oth for type Als 95.44%.
8% (ii)0.7528 (iii)0.23 75

to repl
L

the guarantee? :
nly willing to replace amaximum of 1%

i The manufactureriso
of the bulbs. What should be the guaranteed lifetime of the

bulbs?
i Instead of reducing the guaranteed life time as in (i1). the mean
lifetime was increased by superior technology. What should
bemenewmeansoﬂiatonlyl%arereplacedifthe guaranteed

life time remains at 660 hours but the standard deviation 18

reduced to 70 hours.

Answer: i) 4.01% i1) 613.92 hours
iii) p = 822.82 hours

—
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¢) Calculate the probability that two candidates chosen at random

both passed the examination.
Answer: a) 23, b)47 ¢)0.7225

7. A certain type of electricity light bulb has a burning life of H hours,
where 1t has a normal distribution with mean 1300 hours and standard
deviation 125 hours.

a) What is the probability that a bulb selected at random will
burn for more than 1500 hours?

b) Ifamanufacturer guarantees to replace any bulb which burns
for less than 1050 hours, what percentage of the bulbs will
have to be replaced?

¢) If two bulbs are installed at the same time, what is the
probability that both will burn less than 1400 hours but more

than 1200 hours?
Answer: a)0.0548 b)2.28 c¢)0.3320

8. The heights of boys in a certain school are normally distributed.
10% are over 1.8 meters and 20% are below 1.6 meters. Determine
the mean height p meters and standard deviation o meters. Hence,
find the interquartile range

Answer: p=1.68 c=0.09,0.13

9. Tests made on two types of electric bulbs show the following. Type
A, lifetime was distributed normally with an average of 1150 hours
and standard deviation of 30 hours. Type B, long life bulbs, average
lifetime of 1900 hours, with standard deviation of 50 hours. >
a) What percentage of bulbs of type A could be expected to
have a life time more than 1200 hours.

b) What percentage of type B would you expect to last longer

than 1800 hours?
c) Whatlifetime limit would you estimate would contain central
80% of production of type A.? e
257 = LS e
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Answer: a)4.78% b) 97.72%
¢) 1111.54 hours, 1188.46 hours

10. A factory produces two types of bars of soap A and B. Their
lengths are normally distributed with type A having mean 115¢cm
and standard deviation 3 ¢m. Type B having mean 190 cm and
standard deviation 5 cm

Determine the percentage of type.
(1) Abars that have a length of more than 120cm
(i1) B bars that have a length of more than 180 cm

Answer (i)4.78% (1) 97.72%

11. The weight of the contents of a “2Kg” packet of frozen food is
normally distributed with a mean of2.05 kg and a standard deviation
0f(0.015kg. Estimate 99% confidence limits for the wei ghtof contents
in a single 2kg packet.

Answer 2.011 kg, 2.089%g

12. Ther. v Xiis such that X ~ N(, 4). Arandom sample size n, is
taken from the population. Find the least value ofn such that

P(IX - p| <0.5) > 0.95.
Answer 62

13. Boxes made in a factory have weights which are normally
distributed with amean of 4.5 kg and a standard deviation of 2.0 kg.
Find the probability of there being a box with a weight of more than
5.4 kg when a box is chosen at random. If a sample of 16 boxes is
drawn, find the probability that the mean is between

(M) 4.6 and 4.7 kg

@  43and4.7kg

Answer: 0.3264 (i) 0.0761 (ii) 0.3108
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14. Biscuits are produced with Weight (Wé_-wger‘c@ai; T:f( ] 8::
and are packed at random into boxes consisting of 25 biscuits, F; 4
the probability that; i

(a) a biscuit chosen at random weighs between 9.25g and 10.75

(b) the contents of a box weighs between 245g and 255 g. yo

(¢ ) the average weight of the biscuits in the box lies between 9.7g
and 10.3g.

Answer (a) 0.2924  (b) 0.0796 (c) 0.5468

15. Observation of a very large number of cars at a certain point on a
motorway establishes that the speeds are normally distributed. 90%
of cars have speeds less than 77.7 km/h and only 5% of cars have

speeds less than 63.1 km/h.
Determine the mean speed pt and standard deviation ¢

Answer p=71.305, o= 4.988.

16. The marks in an examination were normally distributed with mean
u and standard deviation 6. 10% of the candidates scored more
than 75 marks and 20% scored less than 40 marks.

25 candidates were chosen at random from those who sat for
the examination.

Find the probability that their average mark exceeds 60.

i Ifasample of 8 candidates were chosen, find the probability

that not more than 3 scored between 45 and 65 marks

L

Answer L= 53.87,6=16.473,
(1)0.0313 (i1) 0.5419

17 The life time of batteries produced by a certain factory is normally
distributed. Out of 10,000 batteries selected at random, 668 have
life time less than 130 hours and 228 have life time more than 200

hours.
i find the mean and standard deviation of the battery life time.

259 — —
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i find the percentage of the batteries with life time between 150
and 180 hours. )
. Ifthe sample of 25 batteries is selected at random, find the
probability that the mean of the life time exceeds 165 hours.

Answer (i) u=160, ¢ =20
(11) 53.28% (iii) 0.1056 ‘

18. The volume of a soft drink bottled by a certain company is
approximately normally distributed with mean 300 mls and standard
deviation 2 mls. Determine the probability that in a sample of 10 bottles
at least two contain less than 297.4 mls.

Answer 0.2515

6.7 THE NORMALAPPROXIMATION TO THE
BINOMIAL DISTRIBUTION

Under certain circumstances, the normal distribution can be used
as an approximation to the binomial distribution. One practical
advantage is that calculations are much less tedious to perform.
Condition

For a large value of n> 20 and the probability of success not too
small or too large, i.e p is very close to 0.5

[f X ~ B(n, p), then

E(X)=np

Var(X) =npq where g =1 —p.

Then X ~ N(np, npq). Approximately

The value of Z can be obtained from

)
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350.5-360 ‘
>

008 -
P(Z >—0.946) = 0.5 + 0.3280(Tab)

P(X >350)=0.8280
b) P(X < 340) = P(X < 339)

339.5-360
<

10.04 )
P(Z <—2.042) = 0.5—0.4794(Tab)

P(X <340)=0.0206

P(Z

P(Z

P(X =350)=P(349.5< X <350.5)
:P(349.5—360 7 < 350.5-360

<
10.04 10.04
=P(-1.046<Z <—-0.946)

=0.3522-0.3280(7ab)
=0.0242

)

(c)

Assignment

1. Twenty percent of the eggs supplied by a poultry farm have racks
on them. Determine the probability that a sample of 900 eggs supplied
by the farm will have more than 200 eggs with cracks.

2. Aquestion paper contained 100 objective questions with 4 alternative
answers but only one correct answer. A candidate who sat for the
paper attempted 80 questions purely by guessing and left out the
remaining 20. Determine the probability that;

(1) hegot 35%
(i) he scored between 20% and 30%

2
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5.7 EE_Ni);&LL‘S RANK CORRELATION

COEFFICIENT (7)
Kendall’s rank correlation coefficient i given by
= agreements — disagreements _ S
total number of pairs 1 wibn=1)

Where S is the total sum of all scores. For set of n objects the
total number of pairs 15 % n(n—1)

Obtaining scores.

1. The data is arranged in two rows, the first row should be in
descending order.

2. Arrange the data in the second row in accordance with that of
the first row.

3 Obtain ranks for each of the rows.

4. Compareeach ofthe scoreinthe sccond row with the rest of the
members starting from the first member. A score of+1 is allotted
to a pair of objects in the right order and — 1 for a pair not in the

right order.

The total sum of scores given (S).

Example
Two examiners Y and Z each marked the scripts of ten candidates
who sat a mathematics examination. The table below shows the

examiners ranking of the candidates.
Examiner ABAGIBDAELE |GIH | I.T
Y 503 [6[1]4]7]|210]8[9
Z 613 |7 5141 [10]9]8
= E CamScanner
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Calculate Kendell’s correlation coeflicient for the two examiners.

Solution
Exammer DI GI[B|E]| A CIFIT|JI|H
Ry IS[E2E s (e 718(19(10
R7 2N T3 5l 71419810

DG | DB | DE | DA [DC | DF [ DI | DJ | DH | Score
e I 8 O b O N ) o T B [ 5 i

GB | GE | GA |GC | GF |GI | ¢I | gH
NI NSN3 S 8 Ry e S PR
BE | BA | BC | BF { Bl | BJ | BH
I IE S S A R S [y
EA |EC | EF |EI |EJ | EH

AC | AF | Al | AT | AH

F1 [ F] | FH
1 18 8] 3 :
IJ (IH |
=159 1 ST
JH _
1 1 7
Total score is 35 ..S=35 : |
28 sk 35%2 =i‘_5_
T= n(n=1) 10x9 45
t=0.78
- i | ECamStanner
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Example
In many Government Institutions, officers complain about typing errors,
A test was designed to investigate the relationship between typing

speed and errors made.

Twelve typists A, B, C, D .. .L. were picked at random to type the
same text. The table below shows the rankings of the typists accordin o
to speed and errors made. [N.B lowest ranking in errors implies [east
errors made]

Typist |A|B|C|D|E[F | G| H|IT|J | K| L
Speed [3 [4 2|1 |8 [11[10] 6] 7 ]|12] 5 9
Error [2]|6]|5|1]10]9 |8 4 | 12 =7 11

Calculate the rank correlation coefficient (Kendall’s). Test the assertion
made by the officers and comment on your result.

Dt AN BieRaEH LA By I 486G E il
Rx|1 |2 (3 (4|56 |78 (9101112
Ryll |5 ]2 |6]7 13 (4[10]11]8 |9 |12
PILY 7 )96 155 655 1 12 |1 | =55
D 30N 3D 22 08012, 2 § 0 10 | =11

S  =Agreements (P)—Disagreements (Q)
=55-11=44

2§ 88 88
T nn-1) 12x11 132

t=0.67

From the table for 12 pairé of observation at 1% level of
significance, 1=0.58

287
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39x2
r:
12x11

t=0.591

Note: In case ofties in the first row, the best alternative would be
to use Spearman’s method since the questions are normally open,

Otherwise if you have the ties in first row, the student with a better
mark in the second paper is ranked first. Also when you are
comparing the second row make sure you put into consideration the
firs row because of the ties.

Exercise 5

1. Three persons P, Q and R were asked in order of importance
nine features of a house (A, B, C ...I). Calculate spearman’s rank
correlation coefficients between the pairs of preferences as shown
in the following table.

A
1
1
1

O BN
o RV NS
oo 0 00 (o
N 2O m
£ O
NSO
V-

i
Q
R

L Lo WD

| How far does this help to decide which pair from the three would be
\ most likely to be able to compromise on a suitable house.

Answer: P,Q:0.75 Q,R:0.567 P,R:0.317

. 2. The price (p) of matooke is found to depend on  the distance
| (cf) the market is away from the nearest town. The table below
lb\ gtv?ﬂ:camge price of matooke for markets around Kampala
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(i) Plot the data on a scatier diagram.
(1) Draw the line of best fit on your diagram and comment
on the likely association between speed and the emrorg

jm— —_—

made.
(i)  determinetheeq uation of your line in the form

y=xk +b wherek and b are constants.
(iv) By giving rank 1 to the fastest student and the
student with the fewest errors, rank the above data
and use it to calculate the rank correlation

coefficient. Comment on your resulits.

Answer: (i) y=1.42x+110.1
(iv) p = 0.84, r-—O?

5. The following table shows the marks of 8 students in two different
subjects

Maths 65|60| 70|75 75|80 85|50

Geography | 50 | 55|54 [ 60| 65| 58 | 65] 61

Calculate the rank correlation coefficient

2
Answer T=, P~ 0.435

6. 8 students took an exam in Math and Physics
an their grades were as follows:

Math [A| B|A |D]|O|D [B|F
Physics|C| B|C |[E |E |C |A]| F

Calculate Spearman’s rank correlation coefficient
Answer: p=0.7083

—
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CHAPTER NINE
ERRORS

9.1INTRODUCTION

Errors arise from the many calculations and approximations used
when working out numbers.

Suppose a calculation involved the fraction 1 _then using 0.33
3

(o two decimal places) causes a round-off error.

9.2 TYPES OF ERRORS

Random errors

These type of errors that occur due machine or human failure and
therefore they can not be treated numerically.

Suppose a student is given 54 and uses 45 instead.

Rounding errors

Some numbers are normally corrected to a number of decimal places
or significant figures. An error usually arises because most values used
in the computations are normally approximations of the true values
and such are referred to as rounding errors.

Example
Round off 3.896234 to four decimal places

3.896234 = 3.8962 ( to four decimal places)
Round off 2 to three decimal places

3
% =0.6666666666666 = 0.667 ( 3 decimal places)

292
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COMMON TREMS USED
Include error, absolute error, relative error and percentage error.

Error. If x represents an approximation to the value of X
and @y 1is the error in this approximation.
Then gy =X- x = True value - Approimate value

Absolute error is the actual size of error disregarding the sign.

Therefore absolute error ]ax[ = ]X —x’ = ¢ which 1s at

times used. So absolute error only takes positive values

only.
Therefore
e X, XZ 0
IJ‘I e
X X<V
Example

Round off 32.52632 to 2 decimal places and determine the bsolute
error.

Solution
32.52632 = 32.53 (to 2 decimal places)

So X =32.52632 and x = 32.53
Error = X- x = 32.52632 —32.53 =-0.00368 |

Therefore the absolute error

= |- 0.00368|=0.00368

Relative error = Absolute error
Exact value or Approximate value

The relative error gives an indication of whether the ertor is
relatively large or small.

294
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Maximum possible error(s)

This depend on the number of decimal places or significant figures
used in the computation. Ifa number is corrected ton decimal places,
then the maximum possible error in it becomes 0.5 x 10"

If the maximum and minimum possible errors are known then the

max value — min vali
absolute error = TR

r',

&

9.3 Limits of accuracy

We can state the upper and lower limit of given figures
Example [fa student wei ghs 70 kgs.

Then this value can range from 69.5 kgto 70.5 kg

Example
If X1is given to a stated level of accuracy. State the lower and upper
bounds of X.

(a) 7.47

(b) 0.184

(c) 7.0

Solution _

(a) error=0.5x 102 =0.005
Lower bound = 7.47 — 0.005 = 7.465
Upper bound = 7.47 +0.005 = 7. 475

(b) error=0.5x 102 =0.0005
Lower bound = (0.184 — 0.0005 = 0.1835
Upper bound = 0.184 + 0.0005 = 0.1845

(¢) error=0.5x 10" =0.05
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4. The radius of a circle 1s measured as 5.34 m to the neg

ﬁ"\
restem,

Calculate the lower bound of its area, correct to three s gnifi
1e¢ Significant

figures.
Answer: 89.4 m?

5. Two decimal number x and y are rounded to give X and Y with
errors E, ax?d E, respectively. Show that the maximum relative
error made in approximating x’y by X*Y is given by

E,

X

2

—_—

i

IE,

|

. . . VZ
6. Determine the maximum absolute error in—5—,

Xy

giventhatx=2.4,y=>54andz=1.8all numbers rounded

Answer 0.000123

7 If the error in each of the values of e and e~ is + 0.0005,

: , e
find the maximum and minimum value of the quotient,, ——
e

-

when x = 0.004, giving your nswer correct to 3 decimal places.

Answer: Max=1.084 and Min=1.082

8 The variable v, rand h are related by the formula

r!

y=—=-=+35
3h

In an experiment, the value of r and h were found to be 4.1 and
40.8 respectively. Calculate the lower and upper limits of v,

correct 3 decimal places.

|. 315 .. ;
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h=% XxX-Xx

11.290-11223  f-11.223
336-335  3.363-335

0.067 £-11.223
001 0013

0.0871+11.223 =f

11.3101 =f

3.3632=11.3101

ASSIGNMENT 1

1. In an experiment to measure the rate of cooling of an object, the
following temperatures, (0° C) against times, T were recorded:

Temperature, 8°C 80 | 70.2 | 65.8 | 61.9 [54.2 |

Time, T (s) DIEIEE0 [ 15 e 120 .80
Jse linear interpolation to find :
5 (1) the value of O when T= 185 )
(i1) T when 6 = 60°. >

9 In the table below is an extract of part of log x to base 10,
log ,, X:

50.00 8020 8050  80.80
iog = 19031 19042 19058  1.9074
. 10
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Acomprehensive Approach to Advanced level statistics

e ——————————— & Numerlul M"hodg

Example —
Use the trapezium rule with 7 ordinates to estimate
Tl
I-l——dx correct to3decimal places
J1+x ‘
_ S 3 Yo. Vs W, +Vs
B 3 1.0000 '
e 00 0.6667
e 1D 0.5
.5 04
e 2.0 0.3333
B 25 0.2857
30 0.2500
~ Sum 1.25 e 1857

=
——1——dx-—— x0. 5(1 25+2x2. 1857)
1+x 2!

—-l 40535 1.405

== —_—
-
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Acomprehensive Approach to Advanced level statistics & Numerical Methods

CHAPTER TWELVE

FLOW DIAGRAM/CHARTS
12.1 INTRODUCTION

[fone has a problem to solve, you can write down steps that he/she
needs to solve it. These steps required are called an algorithm. So an
algorithm is a step by step procedure required to solve a problem.
These steps can be represented in a diagrammatic form using a flow
chart. A flow chart or diagram is one that shows how the logical
sequence of steps that must be followed in order to solve a problem.
Oritisa visual picture that gives the steps of an algorithm and the flow
of control between the various steps.

Example
1. Draw a flow chart as a student of events you perform before the
8.00 am lesson using the given activities.

Break fast Bathe Dress up
Wake up Lesson Prayer
Brush

356
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Acomprehensive Approach to Advanced level Statistics & Numerical Methods

e ————————
—— e e

Copy and complete the following table.
For how many employees is this program designed?

SSN W T
01-86-003 8400
03- 86- 095 8200
04-86-064 | 7500
02-86-035 8000
04- 86 - 066 6400
01-87-098 4800
02-87-105 6300
03-87-135 5500
01-88-215 3800
01-89-217 3500

Example

Given below are parts of a flow chart not arranged in order.

v

=i /f /

A « A+l C=B=2

v

[ Stop J
/ Print : C /

[sB
divisible
by 2 ?

368
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- T ——
Exercise
1. An equationis given by x = In(x+2). Derive the iterative
formulae based on Newton Raphson’s Method. Draw a flow ch art
that:
Reads the initial approximation of the root
ii. Computes and prints the root to 3 decimal places or after 4
iterations. Hence use your flow chart to evaluate the positive
root of the equation.

'—.c

e (x,—1)+2
xn+l = x
e" —1
Root =1.146

2. Show that the Newton —Raphson formula for finding the natural
logarithm of a number N is given by

e™ (x,-1)+N

Answer

x e

n+l x
e -
Hence construct a flow chart that:

i Reads N and the initial approximation x,

i Computes the logarithm to 2 decimal places
ii. Prints out the natural logarithm o

Perform a dry run for N=1.7, x,=0.5

Answer
n xn xn+l [xnﬂ -xn’
0 0.5 0.5675 0.0675
] 0.5675 0.5653 0.0022
A87 - S—
~ [#J CamScanner
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BINOMIAL DISTRIBUTION n cr or (nr),-_ (;} )

" T T T T D 9 10 11
° i

2 2

3 3 y

4 4 1

5 s 1 [0 5 1

B 6§ 15 |20 15 6

7 7 -9 -Is53-35 o7 1

g : 5 70 5 |28 8

g 9 B4 126 126 (84 % 9 1

10 270 252 |20 120 45 |10 1

165 330 462 (462 330 165 95 11 1

N
i

=
.
=
FEES B
—
)
(=]

220 495 792 |924 792 4% 220 66 12
13 13 78 |28 715 1287 |[1716 1716 1287 | 715 286 78
14 14 91 |34 1001 2002 [3003 3432 3003 | 2002 1001 364
1% 15 105 |[455 1365 3003 {5005 6435 6435 |[5006 3003 13685
16 16 120 |[560 1820 4363 |8008 11440 12870 | 11440 8008 4368
17 17 136 (680 2380 6188 [ 12376 19448 24310 | 24310 19448 123%
18 18 153 |816 3060 8568 | 18564 31824 43758 | 48620 43758 31824
19 19 171 |969 3876 11628(27132 50388 75582 | 92378 92378 75882

S

190 |1140 4845 15504|38760 77520 125970| 167960 184756 167960
940 1330 5985 20349 54264] 116280 203490 293930| 352716 352716 352716
2 231 1540 7315 26334| 74613 170544 319770| 497420 646646 705432
23 253 |1771 8855 33649| 100947 245157 490314| 817190 1144066 1352078

il
P

e S P N N (s S G S G G S e S e e
e
(]

BRREB
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Acomprehensive Approach to Advanced level Statistics & Numerieal Methads r
BINOMIAL DISTRIBUTION B (n,p) INDIVIDUAL TERMS

r | 0.01 0050 040 045020 025 030 |635 040 045 050
o |ossot 9025 8100 7225|6400 5625 4900 [ 4225 3800

1 | 00198 0950 1800 2550 (3200 3750 4200 | 4550 4800 ::‘323 §§8§
2 | 0000t 0025 0100 0225)|0400 0625 0900 | 1225 1600 2025 2500
0 | 0.9703 8574 7290 6141 | 5120 4219 3430 | 2746 2160 1664 1250
1100294 1354 2430 3251|3840 4219 4410 | 4436 4320 4084 3750
2 | 00003 0071 0270 0574|0960 1406 1890 | 2389 2880 3341 3750
3 0001 0010 0034|0080 0156 0270 | 0429 0640 0911 1250
0| 08606  B145 6561 5220 | 4096 3164 2401 [ 1785 1296 0915 0625
¢+ | 00388 1715 2916 3685 (4096 4219 4116 | 3845 3456 2995 2500
2 | 00006 0135 0486 (0975|1536 2109 2646 | 3105 3456 3675 3750
3 0005 0036 0115|0256 0469 0756 | 1115 1536 2005 2500
4 0001 0005 | 0016 0039 0081 | 0150 0256 0410 0625
0 | 0.9510 7738 5805 4437 | 3277 2373 1681 | 1160 0778 0503 0312
« | 00480 2036 3280 3915|4096 3955 3602 | 3124 2502 2059 1562
2 | 0.0010 0214 0729 1382|2048 2637 3087 | 3364 3456 3369 3125
3 0011 0081 0244 | 0512 0879 1323 | 1811 2304 2757 3125
4 0004 0022|0064 0146 0284 | 0488 (0768 1128 1562
5 0001 ( 0003 0010 0024 | 0053 0102 0185 0312
0 | 0.9415 7351 5314 3771|2621 1780 1176 | 0754 0467 0277 0136
1 | 0.0571 2321 3543 3993|3932 3560 3025 | 2437 1866 1359 (0938
2 | 0.0014 D305 0984 1762 | 2458 2966 3241 | 3280 3110 2780 2344
3 0021 0146 0415|0819 1318 1852 2355 2765 3032 3125
4 0001 0012 0055|0154 0330 0585 0953 1382 1861 2344
5 0001 0004 | 0015 0044 0102 | 0205 0369 0609 0938
[ 0001 0002 0007 | 0018 0041 0083 0156
0 | 0.9321 G983 4783 3206 | 2097 1335 0824 | 0490 0280 0152 0078
1 | 0.0659 2573 3720 3960 | 3670 3115 2471 | 1848 1306 0872 0547
2 | 0.0020 0406 1240 2097 | 2753 3115 3177 | 2085 2613 2140 1641
3 0036 0230 0817 | 1147 1730 2269 | 2679 2903 2918 2734
4 0002 0026 0109|0287 0577 0972 | 1442 1935 2388 2734
5 0002 0012|0043 0115 0250 | 0466 0774 1172 1641
6 0001 (0004 0013 0036 | 0084 0172 0320 0547
7 0001 0002 | 00O 0016 0037 0078
o los22r 6634 4305 2725(1678 1001 0576 (0319 0168 00&4 0039
1 loo74s 2793 3826 3847|3355 2670 1977 | 1373 (0896 0548 0312
2 (00026 0515 1488 2376|2036 3115 2965 (2587 2000 1568 1094
3. | 0001 0054 0331 0839|1468 2076 2541 | 2786 2787 2568 2188
4. 0004 0046 0185|0459 0865 1361 | 1875 2322 2627 2734
5 0004 0026|0092 0231 0467 | 0808 1239 1719 2188
s 0002|0011 0038 0109 | 0217 0413 0703 1094
1 0001 0004 0012 | 0033 0079 0164 0312
8. 0001 | ooz 0007 0017 0039

396 .
(3 c» '

Scanned'uy CamScanner



Advanced level Gtatistics & Numerical Methods
;\pproach to
Acompfﬂhens“ve e S ~ ~ —- e ——

L —————

BINOMIALDI  INDIVIDUAL TERMS

010 015 020 025 030 035 040 045 gzg

n_ 0’ 3‘3135 250052 3874 2316 1342 0751 0404 | 0207 0101 0045*3%?5-
: ¢ | oos30 2085 3674 3679| 3020 2253 1556 (1004 0605 0339 g17g
2 | 00034 062 1722 2597 | 3020 3003 26682162 1612 1110 (703

3 | 00001 0077 0446 1069 | 1762 2338 2668|2716 2508 213 1p4q

4 0006 0074 . 0283 | 0661 1168 1715|2194 2508 2600 2451

5 0008 0050| 0165 0389 0735|1181 1672 2128 2461

5 0001 0006| 0028 0087 0210 | 0424 0743 1160 1641

7 0003 0012 0039|0098 0212 0407 0703

5 0001 0004|0013 0035 0083 0176

o 0001 0003 0008 0020

0 0 | 09044 5087 3487 1969| 1074 0563 0282 (0135 0080 0025 0010
1 | 00914 3151 3874 3474| 2684 1877 1211 (0725 0403 0207 0098

o | 00042 0746 1937 2759| 3020 2816 2335|1757 1209 0763 0439

3 | 00001 0105 0574 1298| 2013 2503 2668 [ 1522 2150 1665 1172

4 0010 0112 0401| 0881 1460 2001|2377 2508 2384 2051

5 0001 0015 0085| 0264 0584 1029 | 1536 2007 2340 2461

6 goot 0012| 0055 0162 0368 0689 1115 1596 2051

7 0001| 0008 0031 0090|0212 0425 (0746 1172

8 0001 0004 (0014|0043 0106 0229 0439

g 0001 | 0005 0016 0042 0098

10 0001 0003 0010

11 0 | 08953 5688 3138 1673| 0859 0422 0198|0088 0036 0014 0005
1. | 00995 3293 3835 3248| 2362 1549 0932|0518 0266 0125 0054

2 | 00050 0867 2131 2866| 2953 2581 1998|3395 0887 0513 0269

3 | 00002 0137 0710 1517 | 2215 2581 2568|2254 1774 1259 0806

4 0014 0158 0536 1107 1721 2201|2428 2365 2060 1611

5 0001 0025 0132 0388 0803 1321|1830 2207 2360 2256

6 0003 0023| 0097 0268 0566|0985 1471 1931 2256

7 0003| 0017 0064 0173|0379 0701 1128 1611

8 0002 0011 0037 | 0102 0234 0462 0806

g 0001 00050018 0052 0126 0269

10 0002 0007 0021 0054

] 0002 0005
120 | 08864 5404 2824 1422 | 0687 0317 0138]0057 0022 0008 0002
; 01074 3413 3766 3012| 2062 1267 0712|0368 0174 0075 0029

: ggggg gagg ggg; 2024 [ 2835 2323 1678|1088 0633 0339 0161

y e ggﬂg 2362 2581 2397|1954 1419 (0923 0537

: o 1328 1836 2311 | 2367 2128 1700 1208

: s 0532 1032 1585(2039 2270 2225 1934

g e ggss- 0401 0792|1281 1766 2124 2256

8 e 33 015 02910591 1009 1489 1934
SOUl| 0005 0024 0078|0193 0420 0762 1208
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S

CUMULATIVE BINOMIAL DISTRIBUTION Y b(x, n, p)

' 001 005 040 045 | 0.20P0.25 030 0.35 |040 045 050 ]
00199 0975 1900 2775 | 3600 4375 5100 5775 |640 6975 76y
00001 0025 0100 0225 | 0400 0625 0900 1225 |1600 2025 osgp

| 27 1426 2710 3859 | 4880 5781 6570 7254 (7840 83% 7

2 | 00803 0072 0280 0608 [ 1040 1562 2160 2818 |30 4252 5000

3 0001 0010 0034 | 0080 0156 0270 0429 | 0B40 0911 1250

1 | 00394 1855 3433 4780 | 5904 6836 7599 8215 [8704 W5 W7

2 | 00006 0140 0523 1095 | 1808 2617 3483 4370 |58 6090 6875

3 0005 0037 0120 | 0272 0508 (0837 1265 | 1792 2415 3125

4 0001 0005 | 0016 0039 0081 0150 |0256 0410 0625

1| 00490 2262 4095 5563 | 6723 7627 8319 8840 (9222 497 96es

2 | 00010 0226 0815 1648 | 2627 3672 4718 5716 |6630 7438 8125

3 0012 0086 0266 | 0579 1035 1631 2352 |3174 4069 5000

4 0005 0022 | 0067 0156 0308 0540 |0870 1312 1875

5 0001 | 0003 0010 0024 0053 {0102 0185 0312

1 | 00585 2643 4686 6220 | 7379 8230 8824 9246 (9533 9723 984

2 | 00015 0328 1143 2235 | 3446 4661 5798 6809 |7667 8364 8906

3 0022 0158 0473 | 0989 1694 2557 3529 |4557 5585 6562

4 0001 0013 0059 | 0170 0376 0705 1174 | 1792 2553 3438

5 0001 0004 | 0016 0046 0109 0223 |0410 0632 1094

- 0001 0002 0007 0018 [0041 0083 0156

1| 00679 3017 5217 6794 | 7903 805 9176 9510 (9720 948 992

2 | 00020 o444 1497 2834 | 4233 5551 6706 7662 [8414 68976 9375

3 0038 0257 0738 | 1480 2436 3529 4677 |56801 683 7734

4 0002 0027 0121 | 0333 0706 1260 1998 | 2898 3917 5000

5 0002 0012 | 0047 0129 0288 055 |0963 1529 2266

g - 0001 [ 0004 0013 0038 0090 |0183 1357 0625

7 0001 0002 0006 0016 0037 0078

1| 00773 336 5695 7275 | 8322 8999 9424 9681 | 9832 9916 9%

2 | 00027 0572 1869 3428 | 4967 6329 7447 8309 |893% 9368 9648

3| 00001 0058 0381 1052 | 2031 3215 4482 5722 [6846 7799 8556

4 0004 0050 0214 | 0563 1138 1941 203 4059 5230 6367

5 0004 002 | 0104 0273 0580 1061 | 1737 2604 3633

6 0002 | 0012 0042 0113 0253 (0498 0885 1445
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CUMULATIVE BINOMIAL DISTRIBUTION 2:b(x, n, p)

—

n r 001 005 040 045 020 025 030 035 040 045 (050
6 0005 0046 |0194 0544 1178 | 2127 3348 4731 6128
7 0001 0007 0033 0143 0386 0846 1582 2607 3872
8 0001 | 0006 0028 0095 | 0255 0573 1117 1938
g 0001 0004 0017 | 0056 0153 0956 (0730
10 0002 | 0008 0028 0079 0193
11 0001 0003 0011 (0032
12 0001 0002

15 1 |0.1398 5367 7941 0126 | 9648 9866 9953 | 9984 9995 9999  1.0000
2 |0.0096 1710 4510 6814 | 8328 09198 9647 | 9858 9948 9983 09995
3 10.0004 0362 1841 3958 | 6020 7638 8732 | 9383 9729 9893 9963
4 0055 0556 1773 [3518 5387 7031 | 8273 9095 9576 9824
5 0006 0127 0617 | 1642 3135 4845 | 6481 7827 8796 9408
6 0001 0022 0168 (0611 1484 2784 | 4357 5068 7392 8491
7 0003 0036 |0181 0566 1311 | 2452 3902 5478 6964
8 0006 | 0042 0173 0500 | 1132 2131 3465 5000
3 0001 | 0008 0042 0152 | 0422 0950 1818 3036
10 0001 0008 0037 | 0124 0338 0769 1509
1 0001 0007 | 0028 0093 0255 0592
12 0001 | 0005 0019 0063 0176
13 0001 0003 0011 0037
4 0001 0005

20 1 |0.1821 6415 8784 9612 | 9885 9968 9992 | 9898  1.0000 1.0000 1.0000
2 (0.0169 2642 6083 8244 | 9308 9757 9934 | 9979 9995 9999  1.0000
3 100010 0755 3231 5951|7939 9087 9645 | 9879 9964 9991 9998
4 0158 1330 3523 [5886 7748 8929 | 9556 9840 9951 0087
5 0026 0432 1702 | 3704 5852 7625 | 8818 9490 9811 9941
3 0003 0113 0673 | 1958 3828 5836 | 7546 8744 9447 9793
7 0024 0213 | 0867 2142 3920 | 5834 7500 8701 9423
8 0004 0059 | 0321 1018 2277 | 3990 5841 7480 8684
g 0001 0013 | 0100 0409 1133 | 2376 4044 5857 7483
10 0002 | 0026 0139 0480 [ 1218 2447 4086 5881
11 0006 0038 0171 | 0532 1275 2483 4119
12 0001 0003 0051 | 0196 0565 1308 2517
13 0002 0013 | 0060 0210 (0580 1316
14 -4 0003 [ 0015 0065 0214 0577
15 0003 0016 0064 0207
16 0003 0015 0069
17 0003 0013
18 0002

401 :
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NOBMAL DISTRIBUTION NN(0.1) (p(2)

SUBTRACT
ERIE ST IRV AT s g 7 g 1234 567 849
0.07 0.3389 3389 3989 3988]3585 -
: 3984 3962 3980 3977 3973 [0 1 1(1 1.2 e 2all
0.1; 0.3970 3965 3961 3956|3951 0112 233 4 4
5 9345 3939 13932 3925 3918 1 1 203 3 4 5 6 6
02 | 03810 3902 3894 3885/ 3875 ) 354 4586 7 5
3867 3857 |3847 3836 3825 |1 2 314 5 7 8 9 10
0.3 0.3814 3802 3790 3778|3765 12415 67108 101
3752 3739 13725 3712 3697 |1 3 4lg 7 8 10 11 13
0.4: 0.35833668 3653 3637|3621 3605 358913572 3555 3538 |2 3 506 810 |11 13 14
us| 0.3521 3503 3485 3467|3448 3409 3410 13391 33723352 |2 4 6|8 1011}13 15 17
] 03332 3312 3292 3271|3251 3p3p 320913187 3166 3144 |2 4 68 1013/15 17 19
u: 03123 3101 3073 3056(3034 3014 2989 12966 2943 2920 (2 5 7|9 111416 18 21
08} 02897 2874 2850 2827|2803 2780 2756 12732 2709 2685 |2 5 7|10 12 14]17 19 22
091 0.2661 2637 2613 2589|2585 2541 2516 (2492 2468 2444 |2 5 710 12 1817 19 22
1.0/ 0.2420 2396 2371 9347|0303 2299 2275 12251 2297 2203 (2 5 7 (10 12 14l17 19 22
111 02179 2155 2131 2107|2083 2059 2036 12012 1983 1965 (2 5 7|10 12 1417 19 22
12| 0.1942 1819 1895 1877 1849 1826 1804 |1781 1758 1736 (2 5 7|9 12 14lts 18 21
131 01714 1691 1669 1647/ 1608 1604 1582|1561 1539 1518 (2 4 7(9 1113l15 18 30
14 01497 1476 1456 1435 1415 1394 1374 11354 1334 1315 |2 4 6|8 101214 15 18
151 01295 1276 1257 1938 1218 1200 1182 {1163 1145 1127 (2 4 6(8 9 1113 15 17
18) 01109 1092 1074 1057 1040 1023 1006 {0989 0973 0957 (2 3 5(7 8 10l12 14 15
1.7) 0.0940 0925 0309 0803 | 078 0863 0848 (0833 0818 0804 (2 3 5/6 8 9 |11 1214
181 0.0790 0775 0761 (0748] 0734 | 3416 78 |10 11 1f
0721 0707 (0694 0881 0669 |1 3 4|5 7 8 |8 1017
191 0.0656 0644 0632 0620|0608 0596 0584 0.773 0561 0551 [1 2 45 6 7 [8 101
2.0/ 0.0540 0529 0519 0508|0498 0488 0478 (0468 0459 0449 [1 2 314 5 & 7 8 9
21| 0.0440 0431 0422 0413|0404 0396 0389 (0379 0371 0363 |1 2 3| 458 78
22: 0.0355 0347 0339 0332|0325 0317 0310|0303 0297 0290 |1 1 23 44105 § 5
23| 0.0283 0277 0270 0264|0258 0252 0246|0241 0235 0229 {1 1 2|2 3 4 4 5 g
4i 0.0244 0219 0213 0208|0203 0198 0194 |0189 D184 0180 |0 1112 233 ¢4 4
: 0154 0161|0147 0143 0139 [0 1 12 3 5 |y 4 4
5 | 0.0175 0171 0167 0163|0158 0110 0107 [0 1 1
26 0.0136 0132 0129 0126]0122 0119 0116 g 222 23
93 0091 00BB |00BG 0084 D0B1 |0 1 (1 1 5 | 2 3
27 0.0104 0101 0089 0096/ 00¢ 0067 |0085 0063 0061
5o 90079 0077 gu75. 003|007 0BG 0050 0048 0047 0046 |
28 00060 0058 0056 0055|0053 0051 23l
3. 0.0044 0033 - 381 8y
o 112]2 34
0024 0017 | . 4 55
0012 0009 0006 |0004 0003 0002 l
= 102
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CUMULATIVE NORMAL DISTRIBUTION P(z)

B N s 7 R 8 1234567 5]
0.0 0.0000 0040 00B0 0120 D160 0199 0239 0279 0319 0859 4 8 1216 20 24 28 3 35
0.1 0398 0438 0478 0517 0557 0596 0636 0675 0714 0753 4 8 1215 19 2227 3135
0.2 00793 0832 0671 0910 0948 0987 1026 1064 1103 1141 4 8 1215 19 2227 3135
0.3 0.1178 1217 1255 1293 1331 1366 1406 1443 1480 1517 4 8 1115 19 2226 3034
0.4 0.1554 1591 1628 1664 1700 1736 1772 1808 1844 1879 4 7 1114 18 2225 293
0.5 01915 1950 1985 2013 2054 2088 2123 2157 2190 2224 3 7 1014 17 2124 27 31
06 0.2257 2291 2324 2357 2389 2422 2454 2486 2517 2549 3 6 1013 16 1923 329
0.7 0.2580 2611 2642 2673 369 12151922 2528
2704 2734 2764 2794 2823 2852 3 6 § 12 15 1821 2427
0.8 0.2881 2910 2939 2967 2995 3023 36811 141720 2225
3051 3078 3106 3133 3 5 8 11 13 1619 2224
09 0.3159 3166 3212 3238 3264 3269 3581013 1618 2123
3315 3340 3365 3389 2 5 7 10 12 1517 2022
10 0.3413 3438 3461 3485 3508 257 10 12 1417 1922
3531 3554 3577 3399 3621 2 4 7 9 11 1315 1820
11 0366 3665 3686 3708 2468 1 1315 1718
3729 3749 3770 3790 3810 3830 2 4 6 8 10 1214 1618
1.2 0.3849 3869 3888 3907 3925 2468 101113 1517
3944 3962 3980 3997 4015 2 4 57 9 1113 1416
13 0432 4049 4066 4082 4099 4115 4131 4147 4162 41772 3 56 8 1011 1314
14 04192 4207 4222 4236 4251 4265 4279 4292 4306 4319 1 3 4 6 7 8 10 1113
1.5 0.4332 4345 4357 4370 4382 4394 4406 4418 4429 4441 1245 6 7 8 101
1.6 0.4452 4463 4474 4484 4495 4905 4515 4535 4535 4545 1 23 4 5 6 7 8 O
1.7 04554 4564 4573 4382 4591 4599 4608 4616 4625 4633 1233 4 56 7 8
18 04641 4619 4656 4661 4671 4678 4686 4603 4809 4706 1 1 23 4 4 5 6 6
19 04713 4713 4726 4732 4738 4744 4750 4756 4761 4767 11 22 3 4 4 55
2.0 0.4772 4778 4783 4788 4793 4798 4803 4808 4812 4817 01 12 2 3 3 4 4
2.1 0.4821 4836 4830 4834 4838 4842 4846 4850 4854 4857 0 1 12 2 2 3 3 4
2.2 04861 4864 4868 4871 4875 4878 4881 4884 4887 4890 0 111 2 2 2 3 3
2.3 04893 489 4898 4901 4904 4906 4909 4911 49134916 0 011 1 2 2 2 2
24 0.4918 4920 4922 4925 4927 4929 4931 4932 4934 4936 0 01 1 1 1 1 2 2
25 0.4938 4340 4341 4943 4945 4946 4948 4949 4951 4952
26 0.4953 4955 4956 4957 A95Q 4960 4961 4982 4963 4964
27 0.4965 4966 4967 4968 4969 4970 4971 4972 4373 4974
28 04874 4975 4976 4377 4977 4978 4979 4979 4980 4961
29 04961 4982 4962 4983 4984 4984 4985 AB5 4986 4986
3.0 04987 4990 4993 4995 4397 4998 4998 4999 4999 5000
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Acomprehensive Approach to Advanced level Statistics & Numerical Methode

CRITICAL POINTS OF THE NORMAL DISTRIBUTION z,

P Q z P Q Fe-]
0.00 0.50 0.000 0.490 0.010 2.326
0.05 0.45 - 0.126 0.491 0.009 2.366
0.10 0.40 0.253 0.492 0.008 2.409
0.15 0.35 0.385 0.493 0.007 2.457
0.20 0.30 0.524 0.494 0.006 2.512
0.25 0.25 0.674 0.495 0.005 2.575
0.30 0.20 0.842 0.496 0.004 2.652
0.35 0.15 1.036 0.497 0.003 2.748
0.40 0.10 1.282 0.498 0.002 2-878
0.45 0.05 1.645 0.499 0.001 3.090
0.450 0.050 1.645 0.4995 0.0%5 3.291
0.452 0.048 1.665 0.4999 0.0 3.719

0.454 0.046 1.685 | 0.49995 0.0% 3.891
0.456 0.044 1.706 | 0.49999 0.04 4.265
0-458 0.042 1.728 | 0.499995 0.0% 4.417

0.460 0.040 1.751 0.0%1 4.753
0.462 0.038 1.774 0.0%5 4.892
0.464 0.036 1.799 0.0%1 5:199
0.466 0.034 1.825 0.075 5.327
0.468 0.032 1.852 0.071 5.612
0.470 0.030 1.881 0.0%5 5.731
0.472 0.028 1.911 0.0% 5.998
0,474 0.026 1.943 | 0.0%5 6.109
0.476 0.024 1.977 25% 0.674
0.478 0.022 2.014 10% 1.282
0.480 0.020 2.054 5% 1.645
0.482 0.018 2.097 1% 2.326
0.484 0.016 2.144 0.5% 2.575
0.486 0.014 2.197 0.1% 3.090
0.488 0.012 2.257 B 0.05% 3.291
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