Heinemann Solutionbank: Statistics 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 1

Question:

A large bag contains counters of different colours.
Find the number of arrangements for the following selections

a

O counters all of different colours,

b 5 counters where 2 are red and 2 are blue,
¢ 7 oounters where 2 are red and 5 are green,
d 10 counters where 4 are blue and 6 are yellow,
e 20 counters where 2 are yellow and 18 are hlack
Solution:
a al=120
I
e
alzl
I
& b AXO 25
Slzl 2
100 10x 8 % §x7
d —=——— =210
46l Ax Fx Fxl
|
. 201 =20><]9=]90
18121 2
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Heinemann Solutionbank: Statistics 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 2

Question:

A bag contains 4 red, 3 green and B vellow beads.

Five beads are selected at random from the bag without replacement.
Find the probability that they are

a Syellow beads,

b Z2redand 3 yellow,

¢ dredand 1 green

Solution:

Sy Tl oed

b
15 14 13 12 11

= i or 0.0186
424

f i BB o T o Bl S
N W W X ——
12 14 13 12 11 213

ho T M oS e B S
M W W
12 14 13 12 11 411

= 0.000999 or ——
1001
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Exercise A, Question 3

Question:

A fair die 15 rolled 7 times.
Find the probability of getting
a no fives,

b only 3 fives,

¢ 4 fives and 3 sixes.

Solution:
sy
a lEI =0.27%
b
e |
(LY x[2) xl
] ] 4131
=0.0781
c
4 3 |
e e =
& a 4131
=0.000125
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Exercise B, Question 1

Question:

The random wariable & ~ B(E, ;—) . Find
a FP(X=2,
h P(X=3),
c P(X=D.

Solution:

3

=0.0683

8
P(X=5 = [5]><

1]5 [2
iy x_
3] 7|3
P(X<1) = P(X¥=D1+P(X =0
o (12) (2%
- 8[§][§] *[ﬁ]
T
-
SINERE

[2]”' 10
— Tt x_
2] 73

= 0195
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Exercise B, Question 2

Question:

The random variable ¥ ~ B(tS,%). Find

a P(F=35),
b F(F=1,
c P(Yz=o).
Solution:
¥ ~Bl6l)
g
i |
6 S K]
biyr== = x[l] X[E]
314 4
= 0132
b
6 1 5
PiF=1 = xl]xé
1 4 4
= 0356

P(¥>5 = P(¥=5+P(F=6)
_ 17 (37, (17
s Rl *[HHZ]
i [1 [E+1]

414 4

g9
fa ey p— x_
4] 74

= 000464
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Exercise B, Question 4

Question:

A balloon manufacturer claims that 23% of hiz balloons will not burst when blown
up. If you have 20 of these balloons to blow up for a birthday party

a  what 1z the probability that none of them burst when blown up?

b Find the probability that exactly 2 balloons burst.

Solution:

P20 = o0
= g8

b Let X =number of balloon that 4o burst
X ~B(20,005

[25](0.95)13(0.05)2

0,189

P(X=2)

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\s2_ 1 b 4.t

Pagel of 1

3/18/201.



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 5

Question:

A student suggests using a binomial distribution to model the following situations.
Give a description of the random wvariable, state any assumptions that must be made
and give possible values for # and p.

a A sample of 20 bolts 15 checked for defects from a large batch. The production
process should produce 1% of defective bolts,

b Some traffic lights have three phazes: stop 48% of the time, wait or get ready 4%
of the time and go 45% of the time. Assuming that vou only crozs a traffic light
when it 15 in the go position, model the number of times that you have to wait or
stop on a journey passing through 6 sets of traffic lights.

¢ When Stephanie plays tennis with Timothy on average one in eight of her serves
1z an ‘ace’. How many "aces’” does Stephanie serve in the next 30 serves against
Timothy?

Solution:

a X =number of defective bolts in a sample of 20

X ~B(20,0.01) w = 20

» = 0.01

Azsume bolts being defective are independent of each other

b X =number of times wait or stop in 6 lights

X ~B(6,0.52) n o= 6
0.52.

F

Azsume the lights operate independently and the time lights are onfoff 15 constant

¢ & =no ofaces Stephanie serves in the next 30

X~B(30,;—) n o= 30

T
Il
-

Assume serves being an ace are independent and probability of an ace 15 constant.
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Exercise B, Question 6

Question:

State which of the following can be modelled with a binomial distribution and which
can not. (ive reasons for your answers.

a (nwen that 15% of people have blood that 1s Rhesus negative (Eh™ ), model the
number of pupils in a statistics class of 14 who are Eh™

b You are given a fair coin and told to keep tossing it until vou obtain 4 heads in
succession. Model the number of tosses you need.

¢ A certain car manufacturer produces 12% of new cars in the colowr red, 8% in
blue, 15% in white and the rest in other colours. You malke a note of the colour of
the first 15 new cars of this make Model the number of red cars you obzerve,

Solution:

a X =number of people in class of 14 who are Eh
A ~Bi(14,0.15) iz OK if we assume the children in the class being Eh™ is
independent from child to child (so ne siblingsitwing)

b Thiz iz not binomial since the number of toszes 18 not fized.
The probability of a head at each toss 12 constant (p = 0.5) but there iz no value

of x.

¢ Aszsuming the colours of the cars are independent (which should be reasonable)
X =number of red cars out of 15

X 5B(15,012)
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Exercise B, Question 7

Question:

A fair die 15 rolled repeatedly. Find the probability that
a the first & occurs on the fourth roll,
b there are 3 sixes inthe first 10 rolls.

Solution:

a Sequence mustbe 6666
Probakility = E Exgxl
& 6 6 6
= E or 00265
1296

b X =number of sizes in 10 rolls

1

X ~B(10,3)
e 6
x|=| =|=
3)71s) e

0.155

P(X=3)
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Exercise B, Question 8

Question:

A coin 1z biased so that the probability of it landing on heads 12 % The coin 15 tossed

repeatedly. Find the probability that
a the first tail will occur on the fifth toss,
b in the first 7 tosses there will be exactly 2 tails.

Solution:

a Sequencemustbee: HHHHT
=o not Binemial,

4
Probability=%><|%| :% or  0.0658

b X =number of tails in 7 tosses

X ~B(7.3)
7 2 A
PiX=2 = x[l] x[g]
2]713) "3
= 0307 or %
729
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Exercise C, Question 1

Question:

The random variable X ~B(% 0.2) Find

a PX=4,

b P(X¥ =3,

c PiX=2),

d P(¥=1)

Solution:
K ~B{5,02
a P(X=4)=05204 {tables)
b PiX=3y = P&<2
¢ ) (L2 (tables)

= 07382

c PiAZS = 1-PX =)
= 1-04362 {tables)

= (05638
d PX=1) = P(X<1)—P(X=0

= 04362—-0.1342 (tables)
= 03020
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Exercise C, Question 2

Question:

The random variable & ~B(20, 0357 Find
a P(X=10y,

b PiX=6),

¢ P(X=5,

d P2=X<=70.

Solution:

X ~B(20,0.35)
a P(X<10)=0.9468 (tables)

b PX =6 = 1-PIX<6)
= 1-04166 (tables)
= 0.5334

e P(X=5 = PX<5-PX<4
= 0.2454-0.1182
= 01272

d PR<X<T = PX<N-PX<D)
= 0.6010—0.0021
= 0.5989
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Exercise C, Question 3

Question:

The random variable X ~B(40,045). Find
a P(X =200,

b PiX¥ =16),

¢ P(ll1= X <15),

d P(l0< X <17

Solution:
X ~B(40,0.45)
a P(X=<20) = P(X¥=<19
€ ol ) wesld) (tables)
= 0.6844
b P(X>16 = 1-P(X<16)
= 1-0.3185 (tables)

= 06B15

¢ PO1< X <15 P(X <15 —P(X < 10)
= 0.2142—0.0074

= 02063

d P(l0<X<17 = PX<16—-P(X<10)
= 0.3185—0.0074
= 03111
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Exercise C, Question 4

Question:

The random wariable X ~B(30,0.13) Find

a DPiX=§8),
h P(X=4,
c P2=X=10),
d FP(X=4).
Solution:
A ~B(30,0.15
a PYX=08 = 1-BP(X<8
= 1-0%58722 (tables)
= [0.0278
h B(X=41=05245 (tables)

¢ PR2<X<10) P(X<9-PX<1)
0.9903—0.0480  (tables)

0.5423

d P(x=4) P(X <4 —P(X <3)
= 0.5245-0.3217 (tables)

0.2028
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Exercise C, Question 5

Question:

Eight fair coins are tossed and the total number of heads showing iz recorded

Find the probability of

a no heads,

b atleast 2 heads,

¢ more heads than tails.

Solution:

& =number of heads {coing are fairse p =025
K ~B{3,053

a P(X=0)=(0.5°%=00039 (tables)

b PX=2) 1-Px <1
= 1-0.0352 (tables)

= 0.9648
¢ PX=5 = 1-PX<d

= 1—0.6367 (tables)
= 0.2633
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Exercise C, Question 6

Question:

For a particular type of plant 25%0 hawve blue flowers A garden centre sells these
plants in trays of 15 plants of mized colours A tray is selected at random.

Find the probability that the number of blue flowers this tray contains 1s

a exactly 4,

b at most 3,

¢ between 3 and & {(inclusive).

Solution:

A =number of plants with blue flowers ontray of 15

X ~B(15,0.25)

a P(¥=4) = PX<4)-PX=<3)
= 06265—0.4613 (tables)
= 02252

b P(X<3=04613 (tables)

¢ P(3<X<6)

P(X <6)—P(X <2)
0.9434—0.2361  (tables)
0.7073
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Exercise C, Question 7

Question:

The random variable X ~B(50,0.40). Find
a the largest value of & such that P(X = &) <005,
b the smallest number # such that P(Y = # <001

Solution:
X ~B(50,0.40)
a P(X<13) = 0.0280
a HA=13) (tables)
PX<14) = 0.0540
ko= 13

b P(X=<27 = 09840=PX=27=00160=0.01
PA<28) = 09924=P(X > 2E)=0.0076 = 0.01
Sro= 2B
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Exercise C, Question 8

Question:

The random wariable X ~B(40 0107 Find
a the largest value of & such that P{Y <k) = 0.02,
b the smallest number » such that P{X = #) =0.01,

c Plk=X=r1
Solution:

X ~B{40,0.10

a PiX=0 = 00148002
P =1 = [0805=002 {tables)
SEPA = = 00148 =002and so k=1

b P(A<E = 0%9845=P&=>8)=001525>001 (tables)
PX=<9 = 09%i=TPX=>=9=00051=001

ro=9
c PFle<i<r = P(A<n-FXN<k-1

= P(X<9)-PX=0)
= 0.9949-0.0148
= 0.9801
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Exercise C, Question 9

Question:

In a town, 30% of residents listen to the local radio.
Ten residents are chosen at random.
a State the distribution of the random variable
A =the number of these 10 residents that listen to the local radie.

b Find the probability that at least half of these 10 residents listen to local radio.

¢ Find the smallest value of & 20 that P(X = &) < 0.01.

Solution:

A =number of residents out of 10 whe listen to local radio

a X ~B(10,0.30)

b PX =5 = 1-PX<4
= 1-0.8497 (tables)
= 0.1503

e PIX<6) = 09894 soPX =7 =1-098%4=00106> 0.01
PX<T) = 05584

PFX=8 = 1—05%:4 (tables)
= 0o01e =001
g = 8
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Exercise C, Question 10

Question:

A factory produces a component for the motor trade and 5% of the components are
defective. & oquality control officer regularly inspects a randem sample of 20
compeonents. Find the probability that the next sample contains

a fewer than 2 defectives,

b more than 5 defectives.

The officer will stop production if the number of defectives in the sample iz greater
than a certain value & Given that the officer stops production less than 3% of the
titne,

¢ find the smallest walue of &

Solution:

& =number of defects in 50 components

X ~B(50,0.05)

a P(X<2) = P(X<1) (tables)
= 0.2794

b P(X =5

P PERRE)
= 1-0.9622
= 0.0378

¢ eek d such that

P(X >d) <005
P(X<4) = 0.8964=P(X >4)=0.1036> 0.05

P(X<5 = 09622=P(X =5 =00378 <005
~d=5
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Exercise D, Question 1

Question:

A fair cubical die 15 rolled 36 times and the random wariable & represents the number
of sizes obtained. Find the mean and varance of X

Solution:
X~B(36,%) fairdie:b-p=é
E(X) = 36><é=6
0 Leioe ol B0 o
Var(X) = 36xixi=2=5
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Exercise D, Question 2

Question:
a  Find the mean and variance of the random variable X ~B(12,0.25).
b Find Piu—-o< X <u+ay.

Solution:

a X -~B(12,025

E(X) = 12%025=3
Var(X) = 12x0.25%075=3x2 =2 or 2.25
L _ 3

b & —z=}-cr—§c-r1.5

Plp—o=X sut+o)
= P3-2<x <343
= Pu%{X{dl%u

= PX<H-PX <)
= 0.8424—0.1584 (tables)
= 0.6840
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Exercise D, Question 3

Question:

a Find the mean and variance of the random variable & ~BE {30, 040)

b Find Pip-o<X=u).

Solution:

X ~B(30,0.40)

a  E(X) = 30x040=12
Var(X) = 30x040x0.6=12x06=72

b o?=72=0=0268._
P(12-268.. <X =12)
= PO =X=1D
= PFA<S12)-FLA<9
= 05785—-0.1763 {tables)
= 04022
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Exercise D, Question 4

Question:

Tt 1z estimated that 1 in 20 people are left-handed.

a What size sample should be taken to ensure that the expected number of left-
handed people in the sample 15 37

b What i1z the standard dewiation of the number of left-handed people 1n this case?

Solution:

K =number of left-handed people in a sample of size &

1
X ~Blr,
a
E(X)=3=_- = 3
20
R I Y
b
Var(X) = 60xax=235
g? = 285
g = f285=169
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Exercise D, Question 5

Question:

An experiment 15 conducted with a fair die to examine the number of sixes that occur.
It 15 required to have the standard deviation smaller than 1. What 1z the largest
numb er of throws that can be made?

Solution:

X =number of sizes in » throws
X ~B(n,g)

1. 5_5n
1‘Ja.t’(fi’]l=?z>-<g><g =%

standard dewiation <1

N

=7 <

é

N

ro= 36
woo= E=?.2

]

sneedxn =7
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Exercise D, Question 6

Question:

The random wariable & ~BEi{x, p) has a mean of 45 and standard dewiation of & Find
the walue of # and the value of p.

Solution:

A ~Bin.p)

E=45=u = 45
g=bt=Va(X)=3=nmw(l—-p) = 36
SAl—p = 36

.'.1_;' == E
4
p =1 =
|
PSS
andn = 225
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Question:

A coin i1z biased so that the probability of a head 13 % The coin 1z tossed repeatedly.

Find the probability that
a the first tail will cccur on the sixth toss,
b in the first 8 tozzes there will be exactly 2 tails.

Solution:

a Sequenceis: HHHHHT

W - A 32
probabdlity l3] ¥3= 0.0439 or 70

b X =number of tailz in & tosses

X ~B(E3)
M)
wl|=] x|=
2|713) "3

0.273

P(X=2)
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Exercise E, Question 2

Question:

Eecords kept in a hospital show that 3 out of every 10 patients who wisit the accident
and emergency department have to wait more than half an hour. Find, to 3 decimal
places, the probability that of the first 12 patients who come to the accident and
emergency depattment

a none,

b  more than 2,

will have to wait tore than half an hour

Solution:
& =number of patients waiting mote than ;— hour,
K ~B{12,0.3)

0.01384. ..
0.0138 (3s.£)

Pir=oi=on"

b P(X=2) = 1-P(X¥=<2)
= 1-0.2528 (tables)
= 07472
= 0747 (3dp)
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Exercise E, Question 3

Question:

A factory 1z considering two methods of checking the quality of production of the
batches of items it produces.

Method T4 random sample of 10 items 15 taken from a large batch and the batch iz
accepted if there are no defectives in this sample. If there are 2 or more defectives the
batch is rejected. If there is only 1 defective then ancther sample of 10 15 taken and
the batch iz accepted if there are no defectives in this second sample, otherwize the
whole batch is rejected.

Meithod Il A random sample of 20 items 15 taken ffrom a large batch and the batch iz
accepted if there 15 at most 1 defective in this sample, otherwise the whole batch 1z
rejected.

The factory knows that 1% of items produced are defective and wishes to use the
method of checking the quality of production for which the probability of accepting
the whaole batch iz largest.

a  Decide which method the factory should use,

b Determine the expected number of items sampled using Method T

Solution:
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a & =number of defective items in sample of 10

MMethod I
A ~B(10,0.013

Pilceept)y =

ot from tables

P(X=0)+P(X =11xP(X =0
P(X=0[1+P(X =1

(0.9 [1+m>< D.le(D.QQ)g]
098699  =0.987

Plhccept) = PA=0+P(A=1=xPA=0)
= 09044 +[U.995?—U.9044]x0.9044
= 098697
= 09587
Method IT ¥ =number of defective items in sample of 20
¥ ~B(20,0.01)
Placcept) = PRF =1

couse Method T

b Method 7

(0,999 4+ 20 (0.01) % (0.99" or find direct from tables
098314 =0983

Mumber
sampled

10

20

probability | 1-P(X =1) FiX=1

. expected number

© Pearson Education Ltd 2C
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Exercise E, Question 4

Question:

a >tate clearly the conditions under which it 15 appropriate to assume that a random
variable has a binomial distribution

A door-to-door canvaszser tries to persuade people to have a certain type of double

glazing installed. The probability that his canvassing at a house 15 successful 15 0.05.

b Find the probability that he will have at least 2 successes out of the first 10 houses
he canvasses.

¢ Find the number of houses he should canvass per dav in order to average 3
successes per day.

d  Calculate the least number of houses that he must canvass in order that the
probability of his getting at least one success exceeds 0,95, K

Solution:
a 1 There are # independent trials.
2 rizafized number
3  The outcome of each trial 1s success or fatlure.
4 The probability of success at each trial 15 constant.
5

The outcome of any trial iz independent of any other trial

b X =number of successes

X ~B(10,0.05)
P(X=2) = 1-PX=1)
= 1-0.9139 (tables)
= 0.0861

¢ I =number of successes in 2 houses
=~ Bin, 005
ax005=3

E(¥)=3—or——=3 . n=60
20

d F¥=1 = 095
=1-PF =0 = 053
0.01 = P¥=0)
0.01 = (085"
log(0.01) = #log(0.95)
log 001 [log0.95< 0 so change > when dividing]
log 0.85

»noo= BRTE. . sonr=90

© Pearson Education Ltd 2C
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Exercise E, Question 5

Question:

An archer fires arrows at a target and for each arrow, independently of all the others,
the probability that it hits the bull's eve is % .

a  Given that the archer fires 5 arrows, find the probability that fewer than 2 arrows
hit the bull's-eve.

The archer firez 5 arrows, collects them from a target and fires all 5 again.

b Find the probability that on both occasions fewer than 2 hit the bull's eve.

Solution:

A =number of bull’s eyes in 5 arrows

X ~B(,3)
a PX=2) = PIX=1=HYX=04+D5F=1)
5 4
o 7 1.7
= lE_I +5><§><|§|
= Q87827
= 0878

b [Px<2] = 087927
= 0773

© Pearson Education Ltd 2C
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Exercise E, Question 6

Question:

A completely unprepared student 15 given a trueffalse type test with 10 questions.
Azsuming that the student answers all the questions at random

a find the probability that the student gets all the answers correct.

It 15 decided that a pass will be awarded for B of more correct answers.

b Find the probability that the student passes the test.

Solution:

A =number of correctly answered questions

X ~B(10,0.5)

0.00097656...
0.000977 (3s.£)

P(X =10)=(0.5)"

P(X =8)

1-P(X <7
= 1-09453 (tables)
0.0547

© Pearson Education Ltd 2C
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Exercise E, Question 7

Question:

A six-sided die is biased. When the die i thrown the number 5 iz twice as likely to
appear as any other number. A1l the other faces are equally likely to appear. The die 13

thrown repeatedly. Find the probability that
a the first 5 will occur on the sixth throw,

b in the first eight throws there will be exactly three 5s. E
Solution:
% 1 2 3 5 &
PiX=x) |p P F Zp P

a Mot binomial

Sequencer 955555
5

s ofishdiy
Probability 151 5]
=0.0531

b ¥ =number of 5z in 8 throws

2
¥F~BB.=

( ?)

3 3 5
P¥== = xg * =)
3107 7
= 024285,
= 0243 {3:1f)

© Pearson Education Ltd 2C
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Exercise E, Question 8

Question:

& manufacturer produces large quantities of plastic chairs. Tt 13 known from previous
records that 15% of these chairs are green. A random sample of 10 chairs 15 taken.

a Define a suitable distribution to model the number of green chairs in this sample.
b Find the probability of at least 3 green chairs in this sample.

¢ Find the probability of exactly 2 green chairs in this sample.

Solution:

K =number of green chairs in sample of 10

a X ~B(10,0.15

b
P(X=5 = 1-PX<d
= 1-0.9901 (tables)
= 0.0099
C

P(X=2) = PX<N-PX<l)
= 0820205443  (tables)
= 0.2759
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Exercise E, Question 9

Question:

A bag contains a large number of beads of which 45% are yellow. & random sample
of 20 beads 15 taken from the bag TTse the binomial distribution to find the probability
that the sample contains

a fewer than 12 yellow beads,

b exactly 12 yellow beads. E

Solution:

A =number of yellow beads in sample of 20
K ~Bi20,04%
a

P(X <12)

PX <11)
= 0.8692

P(X=12) = PX<12-PX<11)
= 0.9420—0.8692
= 0.0728

© Pearson Education Ltd 2C
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Exercise A, Question 1

Question:

The discrete random variable & ~ Pol2.3) . Find

a PiX=4,
b P(E=1),
c Pd<X<=6).
Solution:
A ~Pa(2.3)
a P(¥=4=——""—-=0116%0_ =0117 (31}
h PA=1 = 1-F&X=0)
= 1_6—2.3
= 089974 =02200{3:£)
c Pid=X =6
= PX=5

= 005577 =00535(3:1)

© Pearson Education Ltd 2C
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Exercise A, Question 2

Question:

The discrete random wariable & ~ Poi2. 7). Find
a P(X=T,
b P(E=1),
c P(X=2)

Solution:

S W iy

=57 T
px=n = 67
a 7l
= 0.12978...=0.130 (3s£)

P(X<1) = P(X=0)4+P(X=1

57
=a7 =i7

= + o —
b : g 11

= B Ixed
= 0.022417...=00224 (3s.£)

Bt zar = 1R
= 1-[PX=0+PX=1)+P(X=2)]

=57 2
g = 1-0.022417 - 37

0.923226_ .. =09233:1)

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\s2 2 a_ 2. 3/18/201.



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 3

Question:

The random wariable ¥ ~ Po{0.35) . Find
a P(¥=0D,

h P¥=1),

c P(l=F=3)

Solution:

1)

035
PEr LTy g =035
a 11
= 024664 . =0.247

Pr=1) = 1-P(F=0
= 0.20531.. =0.205

P(1<¥ <3 = PF=1+PF =2
&0 5 (0.35)2
o1

0.289802... =0.290

0.24664.. +

,,
I

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\s2_ 2 a_ 3. 3/18/201.



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 4

Question:

The random wariable & ~ Po(3 6} Find

a P(X=0,
h PE=F=6),
c PX<2.
Solution:
X ~F(3.6)
a
-3h 5
Bip=1 = e (3.6)
5l
= 0.13768... =0.138

b

P3=X<6t) = PA=+PAX=04+PK=06)

8_3'6(3.6)4 i 3_3'6(3.6)5 3_3'6(3.6)6
4 al £l
041151... =0412

P(X¥=2y = P(X=0)4+P(X=1
= e +e %36
= 46xef
= 0.12568... =0.126

© Pearson Education Ltd 2C
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Exercise B, Question 1

Question:

The random variable & ~Po(2.5). Find
a P(A=1,

b PiX=2),

¢ P(X=5,

d PE=X=5)

Solution:

X ~P,(2.5)
a P(X=11=c2%25 =02052 @ dp)

b PX=2) = 1-P(X<2)

= 1-0.5438 (tables)
= 04562
¢ P(X <5 =09580 (tables)

d PEX<5)

DY <5)—-P(X <2
0.9580—0.5438 (tables)
0.4142

© Pearson Education Ltd 2C
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Exercise B, Question 2

Question:

The randotm variable X ~ Po(8). Find
a P(X=3),

b BiX¥=4,

c P(X =5,

d P2<X=7.

Solution:

X”Pn(@'
a P(X=3=01512

b P(X=4) 1-P(X <4)
= 1-0.2851

= (0.7714%

e P(X=5 = PIX<5-PX<4
= 0.4457—0.2851
= 0.1606

d P2<X<T = PX<T-PX<2)
= 0.7440—0.0620
= 0.6320

© Pearson Education Ltd 2C
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Exercise B, Question 3

Question:

The random wariable F has a Poisson distribution with mean 4.5, Find

a Pr=2),

b PF=T1),
c P(F=4,
d P2=F<é).
Solution:
¥F~P,4.3)
a P(¥Y=2) = PFr<2)—-PF =1
= 0.1736—-00611 (tables)
= 01125
h BF=1=00611 (tables)

c PiY=4 = 1-PF=<4
= 1—-0.5321 {tables)
= 04679

d P(2<¥Y <6 = Pr<6&-—Pr<0
= 0.8311—0.0611 (tables)
= 07700

© Pearson Education Ltd 2C
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Exercise B, Question 4

Question:

The random wariable X ~ Po(8) . Find the values of @b, and o such that

a P(A=a)
h P(X <k
¢ P(X<eg)
d Pi¥=d)

Solution:

A~ FylE)

a P(X<6)

Lo

b PX<9)
;b

¢ PX<4)
DX <5)

e

d PY<

=03154,
=07166,
=0.09%8,
= 0.8088.

0.3134

= 07166
= 9

= 0.09%%
= 0.09%6
= 5

o= 01912

SPX>5) = 1-0.1912

= 0.8088

s =t 9

© Pearson Education Ltd 2C
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Exercise B, Question 5

Question:

The random wariable X ~ Po(3.5) . Find the walues of @,b.c and & such that
a D(X¥<a)=03576,

b P{X=&=06752,

c DP(X¥=e=095,

d P(X =4 0005,

Solution:
A ~P(3.3)
a P(A<=D) = 08I7E {tables)
-

b 1-06&7%2 = 03208

P(X=<2) = 03208 (tables)
FiX=2) = 06792
aihy = 4D
c P(X=6) = 09347
PiX =T = 05733 (tables)
ceo= 7
d PY=E = 08901=PX&>8=000%9>0005
P(X=<% = 097=P(X=0N=00033<0005 (tables)
sd = 9

© Pearson Education Ltd 2C
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Exercise B, Question 6

Question:

The number of telephone calls received at an exchange during a weekday morning
follows a Potsson distribution with a mean of & calls per S-minute period Find the
probability that

o
b
c
d

there are no calls in the next 5 minutes,

3 or fewer calls are received in the next 5 minutes,

fewer than 2 calls are received between 11:00 and 11:035,
no more than 2 calls are received between 1130 and 11:35.

Solution:

Let & =number oftelephone calls in a week day morning in 5 minutes

X”Pu(@'
a P(X=0=e"? = 0002478
= 000248 (3sf)

or 00025 (tables)
b P(X¥=3)=01512 (tables)
e PX<d = PX< (tables)

= 0:0174

d P(X<2)=00620 (tables)

© Pearson Education Ltd 2C
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Exercise B, Question 7

Question:

The random wvariable & ~ Po(%) Find

a p=E(X),
b o =standard deviation of X,
¢ PlusX<u+oy,

d P(YX=pu—a).
Solution:

X”PU(Q:'

a u=E(x=9

b o =Va(X)=9 o=3

¢ PO<X<12) P(X<11)—P(X¥ <8
0.8030 — 0.4557

0.3473

d P(x<9-3) P(X <6) (tables)

02068

© Pearson Education Ltd 2C
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Exercise B, Question 8

Question:

The mean number of faults in 2 m* of cloth produced by a factory is 1.5.

a Find the probability of a 2 m* piece of cloth containing no faults.

b Find the probability that a 2 m® piece of cloth contains no more than 2 faults.

Solution:

Let X =number of faults in 2 m?® of cloth

B s )
a P(X=01=02231 (tables)
b P(X<2)=08088 (tables)

© Pearson Education Ltd 2C
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Exercise C, Question 1

Question:

A& technician 15 responsible for a large number of machines. Minor adjustments hawe
to be made to these machines and these occur at random and at a constant rate of 7
per hour. Find the probability that

a in apatticular hour the technician makes 4 or fewer adjustments,

b during a half-~hour break ne adjustments will be required.

Solution:

Let X =number of adjustments in an hour

A Pn:u'i?:'
a PX=4)=01730 {tables)
b ¥ =number of adjustments in a half-hour

¥ ~Pi35)

P(¥ =0y=00302 {tables)

© Pearson Education Ltd 2C
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Exercise C, Question 2

Question:

A textile firm produces rolls of cloth but slight defects sometimes occur. The average
number of defects per aquare metre 12 2.5 Use a Potzson distribution to calculate the
probability that

a al5m?® portion of cloth bought to make a skirt contains no defects,
b adm? portion of cloth contains fewer than 5 defects.

¢ otate briefly what assumptions have to be made before a Potzsson distribution can
be accepted as a suitable model in this situation.

Solution:
a Let X = number of defectsin 1.5m?
A= lox2o0=375
LA~ B35
PiX=0 = & =00251it
= 00235(3:1)
b Let ¥ = number of defects in 4 m*
A= 4x25=10
A A g L) {tables)
P¥= = PIY<4=00293

¢ Aszsume that defects ocour independently and at random in the cloth and defects
occur at a constant rate.

© Pearson Education Ltd 2C
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Exercise C, Question 3

Question:

State which of the following could be modelled by a Poisson distribution and which
can not. (ive reasons for your answers.

a

The number of misprints on this page in the first draft of this book

b The number of pigs in a particular 5 m square of thew field 1 hour after their food
was placed in a central trough

¢ The number of pigs in a patrticular 5 m square of their field 1 minute after their
tood was placed in a central trough,

d The amount of salt, in mg, contained in lcom® of water taken from a bucket
immediately after a teaspoon of salt was added to the bucket

e The number of marathon runners passing the finizhing post between 20 and 21
minutes after the winner of the race.

Solution:

a Ifthe misprints occur independently and at random and at a constant average rate
then this could be Poisson,

b Ye: kecavse after 1 howr the piges are probably dispersed fairly randomly and
independently around the field

¢ Mo because after 1 minute the pigs will probably be clustered around the feeding
trough and so will not be randomly and independently scattered.

d Mo because the salt needs to diffuse so that it 15 randomly disselved at a constant
rate throughout the contents of the bucket.

e Tesg, thiz may be Poizzon provided that the runners are not in groups, since they

need to pass the post independently and at random.

© Pearson Education Ltd 2C
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Exercise C, Question 4

Question:

The number of accidents per week at a certain road intersection has a Poisson
distribution with parameter 2.5 Find the probability that
a exactly 5 accidents will ccour in a particular week,

b more than 14 accidents will occur in 4 weels. E
Solution:
a A = numberof accidentsin aweek
X~ Pyi2s:
P(A=2 = PX<5-PA=<4
= 0.9580—028%12 (tables)
= [0.0668

b F =number of accidents in a 4—week period

Y ~F (4= 25=10)

PY = 14) 1-F(F =14
1-09165 {tables)
0.0835
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Exercise C, Question 5

Question:

In a particular district it has been found, owver a long period, that the number, X, of
cases of measles reported per month has a Poisson distribution with parameter 1.5
Find the probability that in this district

a in any given month, exactly 2 cases of measles will be reported,

b in aperiod of € months, fewer than 10 cases of measles will be reported.

Solution:
A ~Pa(l5)
a P(X=2) = PIX=<2)-PX=1

= 0B088—05575
0.2510

b ¥ =number of reported cases of measles in & months
¥ ~F, (%) -—
P¥=100 = PF<5

= (.5874 {(tables)

9=6x15

© Pearson Education Ltd 2C
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Exercise C, Question 6

Question:

A biologist 15 studying the behaviour of sheep in a large field The field 15 divided

imto a number of equally sized squares and the average number of sheep per square 13

2.5 The sheep are randomly scattered throughout the field

a  suggest a suitable model for the number of sheep in a square and give a value for
any parameter or parameters required.

b Caleulate the probability that a randomly selected square contains more than =
sheep.

A sheep dog has been sent into the field to round up the sheep.

¢ Explain why the model may no longer be applicable.

Solution:

a X =number of sheep per square

Ml
b
P(X=>3) = 1-P(X<3)
= 1-07576 (tables)
= 0.2424

¢ The sheep will no longer be randomly scattered

© Pearson Education Ltd 2C
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Exercise C, Question 7

Question:

During office hours, telephone calls to a single telephone in an office come in at an
average rate of 18 calls per hour. Assuming that a Poisson distribution can be applied,
find the probability that in a 5-minute period there will be

a fewer than 2 calls,

b more than 3 calls.

¢ Find the probability of no calls during a 20-minute coffee break.

Solution:
Let A& = number of calls in a Sminute period
I
no= o 1.5
LA~ Pallo

a P(X<2) = PX<l
= 05578 (tables)

b P(X=3) = 1-PX<3)

= 1-059344 {tables)
= 00636
c I = number of calls in 20-minute period
o= dxl1a=46
LY~ Fuié)
By =0=00025 (tables)
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Exercise C, Question 8

Question:

A shop sells large birthday cakes at a rate of 2 every 3 days.

a

Find the probability of selling no large birthday cakes on a randomly selected day.
Fresh cakes are baked every 3 days and any cakes older than 3 days can not be sold
b Find how many large birthday cakes should be baked so that the probability of

running out of large birthday cakes to sell is less than 1%,

Solution:

A =number of large cakes sold in a day
2
e Pl:l (ﬁ)

1

P(X¥=01=¢? 0.51341

0.513(3s.f)

I =number of large cakes sold in 3 days
F~Fi2)

Let # =number of cakes baked

To run out of cakes you require ¥ =
Eequire P(F = #x) = 0.01

te P(F<a)=09%

Pyr=5 = 09:34=009%3
P¥yr=6 = 095535=009%3

Coneedup==6

(tables)

{n 26 but baking more 13 likely to create more waste)
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Exercise C, Question 9

Question:

On a typical summer's day a boat company hires rowing boats at arate of 9 per hour.

a  Find the probability of hiring out at least & boats in a randomly selected 20-minute
period

The comp any has 8 boats to hire and decides to hire them out for 20-minute periods.

b Show that the probability of running out of boats 15 less than 1%

¢ Find how many boats the company should have to be 99% sure of meeting all
demands if the hire period 15 extended to 30 minutes.

Solution:
a Let & = number of boats hired in a 30-minute period
b= gx9=45
SA o~ Fy(43) (tables)
PlX=6 = 1-P(X<D
= 1-0702%
= 02971
b Let I = number of requests for hire 1n 20-minute peniod
L
o= §><9 =3
HE PD(Bj
PF=8 = 1-Pr<&
= 1-0%9%:2 {tables)
= 00038 =001

¢ Let #=number ofboats
Eequire P(X = ») < 0.01 Usze Py(4.5).
of P(Y =x) =099

P(X =) 0.9829 < 0.99 (tables)

BLY <10y 0.9933=>059
o they would need 10 boats
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Exercise C, Question 10

Question:

Breakdowns on a particular machine occur at random at a rate of 1.5 per week

a Find the probability that no more than 2 breakdowns occur in a randomly chosen
weel,

b Find the probability of at least 5 breakdowns in a randomly chosen two-week
period.

A maintenance firm offers a contract for repairing brealdewns over a siz-week

period. The firm will give a full refund if there are more than » breakdowns in a six-

week period. The firm want the probability of having to pay a refund to be 3% or less,

¢ find the smallest walue of 2.

Solution:

Let X =number ofbreakdowns in a week

X ~Pa(1.5)
a P(X =2 =0E8088 (tables)
b Let ¥ =no ofbreakdowns in a 2-week period
s Pu:u (3)
Piyrz=5 = 1-PB(¥ <4
= 1-0.28153 (tables)
= 01847

¢ Let B =number of breakdowns in a 6-week period
8 ~Pu(9)
Firmrequires P(E > )< 005
e, PIB=wn) =055

P(E<13) = 09261<0.95 (tables)
P(E <14y = 09585095
soun=14
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Exercise D, Question 1

Question:

The random variable & ~B(80, 0.10%. Using a suitable approximation, find
a P(Xz=1D,
b P(X¥=6).

Solution:

X ~B(80, 010
K e~ Fy(8)

a

P(X¥=1) = 1-PX=0

e 1—=0.0003 {Poisson tables)
= [.9997
h P(A=61=03134 {Poizson tables)
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Exercise D, Question 2

Question:

The random variable & ~B({120,0.02). Using a suitable approzimation, find
a P(X=1,
b PX=23.

Solution:
A ~B{120,0.02)

X s By (24)

P(X=1 = ep4
= 0.21772...=0218 (3s£)

b PX>3) = 1-PX<2)
2.4
= 1—e 1424 +—
2|
= 1—0.56970...
= 0.430(3s.L)
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Exercise D, Question 3

Question:

The random variable X ~B{50,0.053). Find the percentage errorin P{A =4) when X

iz approximated by a Poisson distribution.

Solution:

X ~B(20,0053

DY =4)=058%4 (Binomial tables)
A~ Pr(25)

P(X =4)= 08212 (Poisson tables)

Percentage error = Ui sl ) w100

08564
= 0.58%
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Exercise D, Question 4

Question:

In a certain manufacturing process the proportion of defective articles produced is
2% In a batch of 300 articles, use a suitable approximation to find the probability that
a there are fewer than 2 defectives,

b there are exactly 4 defectives.

Solution:

A =number of defectives in a batch of 200
A ~B{E00, 002

A e Py (6)

a PA=2) = PA=T (Potzson tables)
sz 0.0174

h PFA=4 = PA<H-PF<D

e= 0.2B51—-0.1512 (Poizson tables)
0.123%
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Exercise D, Question 5

Question:

& medical practice screens a random sample of 230 of its patients for a certain
condition which 15 present in 1.5% of the population. Tze a suitable approximation to
find the probability that they obtain

a no patients with the condition,

b at least two patients with the condition

Solution:

A =number of people with the condition in sample of 220
A~ B(250,0.015)

X s~ P, (3.75)

Poizson iz suitable approzimation
a P(X=01=e>"=00235177... (using Poisson)
o using Potsson approximation probability = 00235 (3 51

b BX>2) = 1-P(X<D
s 1—e P [143.75]
= 475"
= 1-0.111709__.
= (.8883
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Exercise D, Question 6

Question:

An experiment invelving 2 fair dice 15 carried out 150 times. The dice are placed in a
container, shalten and the number of times a double six 15 obtained recorded. Use a
suitable approximation to find the probability that a double 1% 15 obtained

a once,

b twice,

¢ at least three times.

Solution:

A =number of double sizes in 180 throws

1

X ~B(180, -
X ramPy(5)

-5 1
a Hx=umelfﬁ = 003368

= 00337 (3sf)

-5 2

b DX =2m" 0 — 084204,

0.0842 (3 ¢.£)

c PFIX=3 = 1-FX<2
e 1—0.1247 {Poisson tables)
= 038753
= 0875(3:1)
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Exercise D, Question 7

Question:

It 1z claimed that 25% of the population 1n a certain willage are right-handed 4
random sample of B0 willagers 15 tested to see whether or not they are right-handed.
TTze a Poisson approximation to estimate the probability that the number who are
right-handed iz

a a0,

b 75,

¢ atleast 73

Solution:

& =number of willagers who are left-handed

A ~B{30,0.05)

iMeed P small to use Polsson approximation)

KX eByih)

a P(80arerighthanded)=P(X=0) = * (Peizzon Tabkles)

=0.0183

b P{79 are right-handed) = PA=1)
= PYX<D-PFX=0
2 0091600123 (Pedzson Tables)
= 00733

c I (at least 78 are right-handed) = P(X<2)
o 02381 {Poisson tables)
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Exercise D, Question 8

Question:

In a computer simulation 500 dotz were fired at a target and the probability of a dot
hitting the target waz 098, Find the probability that

a allthe dots hit the target,

b atleast 495 hit the target

Solution:

& = number of hits out of 500
X~  B(O00,098
r
r
7

= number of misses out of 300 (" p iz small and # large)

~  B{500,0.02)
r2 P10
a
PiX=500% = :PEs=0)
s e 0 =0.000045399
ez 0.0000454 (32.£)
b
P(X =495 = Pr <39
ez (L0671 (Poizson tables)
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Exercise D, Question 9

Question:

a otate the conditions under which the Poisson distribution may be used as an
approximation to the binomial distribution

Independently for each call inte the telephone exchange of a large organisation, there

1z a probability of 0.002 that the call will be connected to a wrong extension.

b Find, to 3 significant figures, the probability that, on a given day, exactly one of
the first 5 incoming calls will be wrongly connected.

¢ Tze a Poiszon approximation to find, to 3 decimal places, the probability that, on
a day when there are 1000 incoming calls, at least 3 of themn are wrongly
contected during that day. £

Solution:

a Forlarge
and small p

Bin, p) = Fylnp)

b X =number of wrongly connected calls in sample of 5

X ~B(5,0.002)
P(X=1) = 5x(0.002)0.998)*
= 0.00992

¢ Y =number of wrongly connected calls in sample of 1000

¥ ~ B(1000,0.002)
So ¥ e P, (2)

Pz = 1-Rr¥«=2
s 1—0.6767 (Poisson Tables)
= 3233
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Question:

a  State conditions under which the Poisson distribution 15 a suitable model to use in
statistical worke,

Flaws in a certain brand of tape occur at random and at arate of 0.75 per 100 metres.

Aszsuming a Potsson distribution for the number of flaws in a 400 metre roll of tape,

b find the probability that there will be at least one flaw.

¢ =how that the probability that there will be at most 2 flaws 18 0,423 (to 3 decimal
places),

Inabatch of 5 rolls, each of length 400 metres,

d find the probability that at least 2 rolls will contain fewer than 3 flaws.

Solution:

a Ifthe outcomes ocour:

singly

at a constant rate

independently and at random then a Poisson
distribution can be suitable.

23 bd

b Let F =number of flows in 400 m of tape

F”PDG)
P(F=1) = 1—P(F=0) (tables)
= 1-00498
= 09502
D(F<2) = 04232 (tables)
: = 0423(3dp)

d Let B =number ofrolls {out of 3) with fewer than 3 flaws.
P(fewer than 3 flows) =P(F <3 =P{F <) = 0423

R ~B(5,0.423)

P(R=2) = 1-P(R=1)
= 1-[5x(0.423)' x (0.577)" +(0.577)’]
— 1-0.29838...
= 0702
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Question:

An archer fires arrows at a target and for each arrow, independently of all others, the
probability that it hits the bull’'s eye 1s é

a  Given that the archer fires 5 arrows, find the probability that fewer than 2 arrows
hit the bull’s eye.

The archer fires 5 arrows, collects them and then fires all 5 again.

b Find the probability that on both occasions fewer than 2 hit the bull’ s eve.

The archer now fires 60 arrows at the target. Using a suitable approximation find

¢ the probability that fewer than 10 hit the bull’ s eve,

d the greatest value of s such that the probability that the archer hits the bull’ 2 eye
with at least #2 arrows iz greater than 0.3,

Solution:

& =number of arrows that hit bull’s eye

X~B(G,)

a P(¥<2) = PtY¥<i)
_ et By
= 5>-<|§|><|§| —|—|§|

= QE7P27_.. =087 03:1)

b [Prx < 2f (0.87927)2

0.773 (35.£)

I =number of arrows that hit bull’s eye out of &0

c Y~Bwa;
¥~ Pc: (4.5)
P¥r <10y =PRF<=9 (Poisson tables)
£ 07764

d Eequire P(F2p =025
e P(¥<m-11<05
P <6) = 03732<0.5]
P(F<7) = 05246>05
cm—1 = 8

Ssom =

(Tzing Poizson tables)
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Question:

In Joe's roadside café % of the customers buy a cup of tea.

a  Find the probability that at least 4 of the next 10 customers will buy a cup of tea.

Toe has calculated that, on a typical morning, customers arrive in the café at a rate of

0.5 per minute.

b Find the probability that at least 10 customers arrive in the next 15 minutes.

¢ Find the probability that exactly 10 customers arrive in the next 20 minutes.

d  Find the probability that in the nest 20 minutes exactly 10 customers arrive and at
least 4 of them buy a cup of tea

Solution:

& =number of customers out of 10 who buy a cup of tea

A ~B{0, 04

a P4 = 1-P(A<3)
= 1-0.3823 (binomial takles)
= 06177

C' =number of customers who arrive
in next 15 minutes

C ~Py(7.5) < A=75=0.5%15
b PC=10) = 1-P(C <9

= 1-0.7764

= 0.2236

T =number of customers who arrive 1n next 20 minutes

T ~ B, (10) «— A=20%05=10

¢ P(T=10) BT <10)—P(T <9
0.5830—0.4579

0.1251

d P(T=10)xP(X = 4)

0125106177
= Q07727
00773
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Question:

The number, X, of breakdowns per week of the lifts in a large block of flats has a

Poizson distribution with mean 0.25. Find, to 3 decimal places, the probability that in

a particular week

a there will be at least one breakdown,

b there will be at most 2 breakdowns,

¢ Show that the probability that during a 12-weelk period there will be no lift
brealedowns 18 0.050 (to 3 decimal places),

The residents in the flats have a maintenance contract with Diftserve The contract is

for a set of 20, 12-week periods. For every 12-week period with no breakdowns the

residents pay Liftserve £500. If there 15 at least 1 breakdown in a 12-week period then

Liftserve will mend the lift free of charge and the residents pay nothing for that period

of 12 weels,

d Find the probability that ower the course of the contract the residents pay no more
than £1000.

Solution:

X ~Py(0.25)

a P(X=1) = 1-P(X=0)

— {0
= 0221185 . =022103dp)
h FIX<2) = HX=0M4+PA=0+PX=2
0254
= ¥4 0254 }
21
= 099783 .. =089%8(Zdp)
¢ 1 =number of breakdowns in 12 weeks
T~P,(3) [ A=3=12=0.25
SPT=0) = e =0.04978...
= 0050(3dp)

d Y =number of 12-week periods with no breakdowns out of 20
¥ ~B(20,0.050)

Eesidents pay = £10004f = 2
Pr<=2y = 09245

inomial tables
= 0225 (3dpd ® )
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Exercise E, Question 5

Question:

Accidents occur in a school playground at the rate of 3 per year,

a Suggest a suitable model for the number of accidents in the playground next
month

b TUsing this model calculate the probability of 1 or more accidents in the
playground next month

Solution:

a A =number of accidents in a month

v
?L—Bxﬁ =0.25

X ~P,(0.25)
b PX=1 = 1-PX=0)
= g0
= 0221(3sf)
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Question:

During working hours an office switchboard receives telephone calls at randorm and at
arate of one call every 40 seconds.

a Find, to 3 decimal places, the probability that during a given one-minute period
1 nocall 15 received,

o atleast 2 calls are received.
b Find, to = decimal places, the probability that no call 1s received between

10:30 am. and 10:31 a.m. and that at least two calls are received between
1031 am and 10:32 am. K

Solution:

& =number of calls received during one minute
A ~Pyll.5z1nce L1.5

=
3

P(X=0)

0.2231 (tables)
= 0223(3dp)

P(X>2) = 1-P(X=<1
= 1-0.5578 (tabl eg)
= 04427
= 0442 (3dp)

P(X=0)

=

P(X = 2)
0.2231x 04422
= 0.09865...
0.0987 (3 5.£)
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Question:

State conditions under which the Poisson distribution 18 a suitable model to uze in

statistical worle

The number of typing errors per 1000 words made by a typist hazs a Poisson

distribution with mean 2.5,

a Find, to 3 decimal places, the probability that in an essay of 4000 words there will
ke at least 12 typing errors.

The typist types 3 essays, each of length 4000 words,

b Find the probability that each containg at least 12 typing errors, E

Solution:

Ttems occur in continuous space or time:
1 singly

2 ataconstant rate

3 independently of one another and at random.

a X =number of errors in 1,000 words
KX ~P (100 -
FAZz12y = 1-FX <11
= 1—-06%68
0.3032

b 7 =number of 4000 word eszays with at least 12 errors

¥ ~ B(3.0.3032)

A=4x25

P(r=3 = (0.3032)
0.027873...
0.0279 (3s.£)
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Exercise F, Question 3

Question:

a State conditions under which the binomial distribution Bz, p) may be
approzimated by a Potsson distribution and write down the mean of this Poizson
distribution.

Samples of blood were taken fom 250 cluldren in a region of India ©Of these

children, 4 had blood type AZE5.

b Write down an estimate of p, the proportion of children in this region having
blood type A25.

Consider a group of # cluldren from this region and let & be the number having blood

type AZE Assuming that 5 iz distributed Bz, p) and that p has the value estimated

abowe, caloulate, to 3 decimal places, the probability that the number of children with
blood type A28 in a group of é children from this region will be

1 zero,

i mote than 1.

¢ Use a Poisson approximation to calculate, to 4 decimal places, the probability
that, in a group of 800 children from this region, there will be fewer than 3
children of blood type 425

Solution:

a B (n p)canbe approximated to Pylap)

If # 15 large and p 15 small
Then mean = »p

A
] =0.01¢6

p":

X ~B(6,0.016)

i

0.907759...

0.908(3dp)

P(X =0)=(0.989°

P(X>1) = 1-PX<1)
= 1-[6x0.016x(0.984) +(0.984)°]

= 0.003679...
= 0.00370(3sf)

¢ F=number of children out of 200 with the blood group 4258
¥ ~E(300,0.018)

¥ so~ By (12.8)
P(y<3) = PF<2)

=128

e 141284

21

12_8’*]

0.00026426
0.000264 (3e£)
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Exercise F, Question 4

Question:

Which of the following wariables is best modelled by a Poizson distribution and
which is best modelled by a binomial distribution?

The number of hits by an arrow on a target, when 20 arrows are fired.

The number of earth tremors that take place in a willage over a given period of

a

The number of particles emitted per minute by a radicactive isotope.
The number of heads you get when tossing 2 coins 100 times,

The number of accidents 1n a city in a year.
The number of flying bomb hits in specified areas of London during World

b
titne.
c
d
e
f
War 2.
Solution:
a PBinomial
b Poizzon
¢ Poisson
d  Einomial
e Poisson
f FPoizzon

a fized number of arrows (a2 =20)

need to azsume that p = probability of an arrow hitting iz constant
no fized number of trials

need to assume earth tremors ocour at random with a constant rate

no fxed number of particles
need to assume particles emitted at a constant average rate

# =200 the number of tozzes of coins p =1§

ne fized number

need to assume accidents oocur at a constant rate

ne fized number

need to assume flying bomb hits occur at a constant rate
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Exercise F, Question 5

Question:

Loaves ofbread on a production line pass a monitoring point at a constant rate of 300

lo aves per hour,

a Find how many loaves wou would expect to pass the monitering point in
2 minutes.

b Find the probability that no loaves pass the monitoring point in a given 1-minute
pertod,

Solution:

K =number of loaves passing in 2 minutes

i B="Nus 15500
60

b F =number of loaves passing in 1 minute

o Pu:u (3
P{¥ =0)=e> =0.0067 (tables)
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Question:

Accidents occur at a certain road junction at a rate of 2 per year.

a Suggest a suitable model for the number of accidents at thizs read junction in the
next month,

b Show that, under this model, the probability of 2 or more accidents at this road
unction in the next month 15 0.0265 to 4 decimal places.

The local rezidents have applied for a crossing to be installed.

The planning committee agree to moniter the situation for the next 12 months

Ifthere 15 at least one month with 2 or more accidents in it they will install a crozsing.

¢ Find the probability that the crossing iz installed &

Solution:
S
a A= 7= 0.25
A =number of accidents 1n a month
X ~P (025

b PX>2 = 1-PX<1)
= 1-[P(X =1)+P(X =0)]
= 1—-e"*[0.2541]
= 1-0.97350...
= 0.026499._.
= 0.0265

¥ =number of months with 2 or more accidents

¥ ~B{12,0.0255)

e PRSI B IEBErEy
= 1—(0.97351
= 1-0.724485...
= TPTIIIL.
= 2T6REE)
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Question:

Breakdowns occur on a particular machine at a rate of 2.5 per month. Assuming that
the number of breakdowns can be modelled by a Poisson distribution, find the
probability that

a exactly 3 occur in a particular month,

b more than 10 occur in a three-month period,

¢ exactly 3 occur in each of 2 successive months. K

Solution:

A =number of breakdowns per month

Hex Das.5)
a P(X=3) = PX<3)H-PX=2) (tables)
0.7576—0.5438
= 0.2138

I =number ofbreakdowns in 3 months
F~P, 005
b F(Y =10

1—P(¥ < 10) (tables)
1-0.8622
0.1378

¢ P(X=3)

=

P(X =3)
= (0.2138)°
= 0.04571
= 0.0457
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Question:

A geography student 15 studying the distribution of telephone boxes in a large rural
area where there iz an average of 300 boxes per 500 km® . A map of part of the area is

divided into 50 squares, each of area 1km® and the student wishes to model the

numb er of telephone boxes per square.

a  Suggest a suitable model the student could use and specify any parameters
required.

Cne of the squares 15 picked at random.

b Find the probability that this square does not contain any telephone boxes.

¢ Find the probability that thiz square contains at least 3 telephone boxes.

The student suggests using thizs model on another map of a large city and surrounding

villages.

d  Comment, giving wvour reason briefly, on the suitability of the model in this
situation. E

Solution:

& =number of telephone boxes per square

a X~P,(06) = e 0
h=igp=06
b Bi¥=01=e"% .= 054585
= 0549 (3saf)
¢ P(X=3 = 1-PX<2
2
= 1—ei+06+20
2
= 1—0.97688
= 0ig2s12

= 0.0231 (3sf)

d Mot suitable
The rate of telephone boxes will be different in cities and they are more likely to
accur in clusters.
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Exercise F, Question 9

Question:

All the letters in a particular office are typed either by Pat, a trainee typist, or by Lyn,
who 12 a fully-trained typist. The probability that a letter typed by Pat will contain one
ot more etrors is 0.3
a Find the probability that a random sample of 4 letters typed by Pat will include
exactly one letter free from error.
The probability that a letter typed by Lyn will contain one or more errors 15 0,05,
b TTse tables, or otherwise, to find, to 3 decimal places, the probability that ih a
random sataple of 20 letters typed by Lyn, not more than 2 letters will contain one
Of MOre BLrors.
On any one day, 6% of the letters typed in the office are typed by Pat. One letter
15 chosen at random from those typed on that day.
¢ =how that the probability that it will contain one or more errors 15 0.065,
Given that each of 2 letters chosen at random from the dav's typing contains one
OF MOre BITOrs,
d find, to 4 decimal places, the probability that one was typed by Pat and the other
by Lyn. E

Solution:

X =number of letters out of 4 with at least one error

X ~B(4,03)
a P(X=3 = 4x0Fx07
= 0.0756

L =number of letters out of 20 containing one or more errors

L~B{20,003
b PiL<2y = 09245 {tables)
= 0925(3dp)
c Pat Lyn
Piletter has errors) = 0.06x0.3 4094005
= 0.063
d Pat Lvn
Probability = 2><(0.06><U.3}><(S.94><U.05}
{0062
= 04004733,
= 040054 dp)
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Solutionbank S2
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Exercise F, Question 10

Question:

The number of brealkedowns per day of the lifts in a large block of flats 18 modelled by

a Potzson distribution with mean 0.2,

a Find to 3 decimal places, the probability that on a particular day there will be at
least one breakdown.

b Find the probability that there are fewer than 2 days in a 30-day month with at
least one brealedown,

Solution:

A =number of breakdowns per day

X ~P,02)

a P¥=1 = 1-F(&i=0O
= 1
= 1-0.8187 ...
= 0L181Gdp)

T =numher of days in 30 day months with at least one breakdown
¥ ~B{30,0.181)

b P(¥=<=2) Pr<1)
(0.819Y" +3000.819% % (0.181)

0.0191
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Exercise A, Question 1

Question:

Give reasons why the following are not valid probability density functions.

1
—x, -12x=2
a fin=14" i

0, otherwise.
2 1=zzx=3,

b f(x)={
. f(x)z{(f—zj, -12x=3,

0, otherwize

0, otherwisze.
Solution:

a There are negative values for fix) when x < 0 g0 this 1z not a probability
density function.

fx) 4
0.5

'l

I:l T T T T T 1
0 1 2

L
=
(]

Mo negative walues of fix)

=3 4
Area= I_1 xdx

3
_ {X_I
e
= 8% not equal to 1 therefore it iz not a walid probability density

function.

¢ There are negative values for f{x) so this 1z not a probability density

function.
fix) 30
20
10

o

VL D T
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Exercise A, Question 2

Question:

For what value of & iz the following a valid probability density function?
k(1-x%, —4=x=-2,
Fix)=

0, otherwise

Solution:

50
—Tkz 1

3
ki

© Pearson Education Ltd 2C
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Exercise A, Question 3

Question:

sleetch the following probability density functions.

0,

é(x—E}, 2=xEh,

otherwise.

[ 2
—i{5-x), 1=x=4,
15( )

otherwise.

a f(x)=j
a,
b f(x)=5
Solution:
F |
tx) 0B
0.4
0.2
-1
b
tix
¢ :IIII.E
0.4
0.2
0+
1]

© Pearson Education Ltd 2C
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Exercise A, Question 4

Question:

Find the walue of &£ so that each of the following are wvalid probability density
functions.

kx, l=x=3,
a f(x=

0, otherwise.

o D=2x=3

b f(x)={ i

(14 2%, —1=x=2,
¢ f(x)=

0, othetrwize.

otherwize.

Solution:
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jf,hdxﬂ

5]-

2
| K1+t dr=1

2
[mﬁ} »
3 -1

Rk ik
@k +2) - (~k - D=1
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 5

Question:

The continuous random variable X has probability density function given by
kd-x), 0=x=2
Fixy= .
0, otherwize.

a Find the walue of L.
b Sketch the probability density function for all walues of x.

Solution:
a
-2
|IJ Ed—x1dx=1
2
{493:{—%} =1
2 0
Bk -2k=1
6k =1
_1
B
b
0.8
0.6
0.4
0.2
I:I T T T
1] 1 2

© Pearson Education Ltd 2C
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Exercise A, Question 6

Question:

The continuous random variable X has probability density function given by
ki(2-x), 0=zx=2,
fix)= .
0, othetrwise
Find the walue of &

Solution:

] q
| et 27 dr=1

St T
_AEE | gy

0
(e
] 4
16k
R |
12
16k =12

3
ﬂ:—zor 075

© Pearson Education Ltd 2C
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Exercise A, Question 7

Question:

The continucus random variable X has probability density function given by

e, 1=x=4,
fix)=

0, otherwize.
Find the value of k.

Solution:

-4 3
Ilﬁ::r dr=1

© Pearson Education Ltd 2C
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Exercise A, Question 8

Question:

The continuous random variable X haz probability density function given by

&, Dex=<2,
fxy=gki(2x-3), 2=x=3,
0, othetrwi se.

a Find the value of L.
b Zketch the probability density function for all walues of x.

Solution:

=3 =3
|, kdrt] k(2x-3 dr=1

1 K]
[m]3+l_2h —3@;} =1
2 2

2l +[(9k - ) - (4k— 6B)] =1

2+ 2k=1
1
k—aor 0.25
b
0.8 -
0.6 -
0.4 1
024
I:I T T T
1] 1 2 i
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Exercise B, Question 1

Question:

The continuous random variable X has probability density function given by

3% arso
f(x)=98° ~~ 77
0, otherwise.
Find Fix).
Solution:
1 DMethod 1:
2k 2
Fixi=| —d¢
) Joo3
24 A
= BXE —
24
8%
24
0
2
Fixi=q—
=172

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics
Exercise B, Question 2

Question:

The continuous randotm variable X has probability density function given by

( -x, l=x=7

fx)=
0, otherwise.
Find Fix).
Solution:
2  DMethod 1: Method 2:
Fex) =| H(4-e) de F()=| 24— x]dx
2
[T s
Fiay =
l'( x2\1 1 9
a __?
:x—x——z - g
2 B
0 r=l
2
Fpjedral el j@pes
8 B
1 x> 3

© Pearson Education Ltd 2C
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Exercise B, Question 3

Question:

The continuous random variable X has probability density function given by
[ x
-, 0= x<3

9
1
Fn)={56-n 3sxs§,

0, otherwise.
Find Fix).
Solution:
MMethod 1: Method 2:
-r?(z = -
Fx)=| —dt Fizi=| —d=x
@) +|09 ¥ J g
|2 o o
18 8 18
2 F(0y=0
=X 0+C=0
13
=0
("1 r¥ i1
Fix)=| —(6—¢)dt+ | — dx Fixi=| =(6—-x)dx
J3 B Jo 9 U
x 3
o & %
= mT A W + | — ]
552} [x] 2R
( 2 3 18
. E-X_J-[z-ﬂjma F(6)= 1
3 18 18 A_o+C=1
_2x_x2_1 o= —1
3 18
0 =0
2
;:_8 Dex<3
Fixi= s \
LR
3 18
1 x=6
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Exercise B, Question 4

Question:

The continuous random variable X has probability density function given by

i, D=x=3,
f(xy=qkiZx-0), 3=x=3
0, othetrwise.

a  Sketch fx)
b Find the value of k.
¢ Find Fix).

Solution:

file://C:\Users\Buba\kaz\ouba\s2_3 b 4.t 3/18/201.
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a
f(x:l a
5k -
ak
3k
2k
1k * »
T T T T -
| 2 3 4 3
h

[P+ [ r(2x-5)de=1

[m]§+[k(x3—5x)]j =1

3k+[ k(25-25)-k(9-15)]=1
9k =1
,i;—l
—
¢ Dethod 1
[ yae= |5
09 g
1
= —x
9

:—x2—2x+]
9 9
] x=0
g D x<3
Fixi=-
ﬁ—ﬁ—x+1 3Zxe5s
a 9
1 X

© Pearson Education Ltd 2C
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Exercise B, Question 5

Question:

The continucus randoem variable X has cumulative distribution function given by
0, x= 2,

1
Fix = g(xf*—at), 2Exed,

1, xF3
Find the probability density function, fx).

Solution:
d 2x
Ry O
& =g
E 2 =2x =73
fixi= 9 5
0 otherw ze

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics
Exercise B, Question 6

Question:

The continuous random variable X has cumulative distribution function given by
0, x=1,
1
Fix= E(x—lj, l=x=73,

1, x=3
a Find P{X =2.5).
b Find P(YX =150
¢ Find F{l5=X<225).

Solution:

a PX=235=F25
Ny A
= 2(25-1)
=075
b P(X>15) =1-F(1.5)
e e
=1- (L5-1)
=075
¢ P(152X=25=F25-F15
=075-0.25
=05

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics

Exercise B, Question 7

Question:

The continuous random variable X has probability density function given by
3
f(x)=< 38

0, otherwise.

D=x=2,

a Find the cumulative distribution function of X
b Find P{IX=1).

Solution:
a DMeihod 1: Method 2:
"3 et
FO=) 5 S | e
0
T 3
_|Z =& g
2 H
. " F(2)=
- an
&=
0 x =l
Fix= g D=x <2
1 rE2

b Px=1)=F(l)=,

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics

Exercise B, Question 8

Question:

The continucus randoem variable X has cumulative distribution function given by

0, x=1,
1
Fix = E(x3—2x2+x), 12x22,

jid =

a Find the probability density function fix).
b Sketch the probability density function.
¢ Find P{&¥ =1.5).

Solution:
a
d 3’ 1
EF(I} = 7_2}'{"'5
3
—x;"—2x+l 1=x=2
fix1= 52
1] otherwise
b
3
fi
),
1
D T T 'T' T T Ix
] 0.5 1 1.5 2 25

P(X <15 =F(15)
=%|1_53—2><1_52+1_5|
=0.1875
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Exercise B, Question 9
Question:
The continuous random variable X has probability density function given by:

e z{k(él—xg), 0=x<2,

a, otherwise.

a Show that k= i
16

b Find the cumulative distribution function of X

¢ Find P06 < X <070 Give your answer correct to one significant figure.

Solution:

al 4
a \In Eld-x"idx=1
3 vl
;{clx—x_] i
3 il

-9

16,
3
3
t=g5
b Method 1: Method 2:
ax C 3
Fx)= | oe(4-2 | de Fxy= | (4-x" ) dx
+ 0 &
3y T _ 3 2
2[%{4;_%]} =43 e
/ 3 0 Fioy=1
_ 53 _x 3 _8 _
o=0
o] x=0

Fixi= %[4;{—%} D=x <2

1 r=2

¢ P(0.69 < X <0.70) = F(0.70) — F( 0.69)

N %(2_8_0.343] ~ 3[2_?6_0.328509]

3 16 3
= 0.00659
=0.007 (15.£)
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Edexcel AS and A Level Modular Mathematics

Exercise C, Question 1

Question:

The continuous random variable X has a probabality density function given by

= 0=x=2,
Fix)=

0,  otherwize
Find
a Kk,
b ECA),
¢ Var(X

Solution:

«2
| k=1
J

=015

© Pearson Education Ltd 2C
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Exercise C, Question 2

Question:

The continuous random variable ¥ has a probability density function given by

2
¥

f)=49"
0, otherwise.

a Find E{I).

b Find Var(¥).

¢ Find the standard deviation of ¥

D=y=3,

Solution:

3
E(Y) =f %dy
1}

36 |,
_81 4

3%
=225

ER
Var(¥)= %dy—2.252

1]

g K]
|2 | -2
45 |,
=(E—DJ—5.062S
45

=54-50625
=03375

¢ a=.f03375=0581

© Pearson Education Ltd 2C
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Exercise C, Question 3

Question:

The continuous random variable I has a probability density function given by

Y 0=y=d,
fwi=498
0, otherwize.

a Find E(F
b Find YVar(¥).
¢ Find the standard deviation of ¥
d Find FiF =z

Find Var(3r +2)

Find E(¥ +2).

Solution:

file://C:\Users\Buba\kaz\ouba\s2_3 c¢ 3.t 3/18/201.
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P(¥ 2u) =B(Y >3)
4

hy
=| 24
8)’

[T

16 |a

3
=1-0.4444

=00.556

[N

WVar (3F+21=9 Var( )
:9 4 g

9
=3

E(Y+2)=E(¥Y)+2
=By

3
=4

L] b2
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Exercise C, Question 4

Question:

The continuous random variable X haz a probability density function given by
k(l-x, 0=x=1,
fix)= .
0, otherwize.

a Find ik
b Find E(X
1

¢ Show that Var(X) = TR
d Find P{X > 1)

Solution:
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Heinemann Solutionbank: Statistics 2

=1
| #(1-x) dr=1

Pca
{h__} i
2 0

L
ﬁ:—ik—l

k=2
b
=1
E() = | (2x- 2x°) dx
2 3
e 2
=1 -
1

3

a1 2
Var(x) = | (2227 dx - |%| dx

d
]l
P> )= |,2(1- x)dx
3

S

3
B 201
=@2-1-(5-3
_4

]
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Exercise C, Question 5

Question:

The continucus random variable X has a probability density function given by
12).’2(1— x, 0=x=1,
flx)= _
0, otherwise.
a Find P(X¥ =035).
b Find ECY.

Solution:

~0.5 2 3
PUr=05)= | 122%-122" dx

= [42 -3
3

1A
or 0.3125

Bl

—
=4

il 3 4
Exy = I012x —12x" dx

= [3):4 = ]zxj :|1
5 0

={3-241-10
=D.60r:3_7

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\s2_3 c¢ 5.t 3/18/201.



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
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Exercise C, Question 6

Question:

The continucus random variable X has a probability density function given by
§(1+ #), -l<x=l,
f(x)=198
0, otherwise.
a Zketchthep df of X
b Write down ECY).
Show that o =0.4.
d Find Pi—o=X=a.

Solution:

a

EX) =0 (by symmetry)
c
o4 =Var (X)
- Y3t 3t

S T
L8 8

X 3% T
+

|
| e |
]
=
5|
L]

d

Wi gy
P(—f04 < X -::«E'O.4)=J. S+

a3 8

{3x 3x3:|l'm
= — 4+ —
g 24 _oF

_ (3 3 33 3 3
—|§>< U_4+ﬂ><| 0.4 |—|§><|— U_4|+ﬁ><|— 047 |

=0.538

© Pearson Education Ltd 2C
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Exercise C, Question 7

Question:

The continuous random variable Thas . d.f given by

i 0=i=2,
fiz)=

0, otherwise.

where k 18 a positive constant
a Findk

b Show that E(T) 15 1.6,

¢ Find EET+3).

d  Find Var(l),

e Find Var(2T+3).

f Find P(T<1).

Solution:
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Heinemann Solutionbank: Statistics 2

E(2T+ 3 =2E{T)+ 3
=2 x16+3
=672

d

= [ a3
-|2]-&
-(8-0-(%)

_ %
T
Var(2T+ 2 =4 Var (T

_ R
T

LS

© Pearson Education Ltd 2C
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Exercise C, Question 8

Question:

The continuous random variable X has a probability density function given by

2 n=x<3,
27
1

fixy= 3 A= x=4h
0, otherwize

a Draw arough sketch of £x).
b Find ECY.
¢ Find Var(X)

d Find the standard dewiation, o, of X

Solution:
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£(x)
0.4 4

0.3 A
0.2
0.1 4

[m 1]
“y

veam [ o] 5
M -
(229 (2-2)- ()

=1.0152

d
o=41.0152= 101

© Pearson Education Ltd 2C
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Exercise C, Question 9

Question:

The continuous random variable A haz a probability density function given by

1
=(x-1), 12x=2,
5 =D x

1
Em)={-6-x), 22125,

a, otherwise.

a  Sketch fix).
b Find E{X).
¢ Find Var(x)

Solution:

|
N
—

+

Lh

E‘HN

I
5| e
e —

|
=£|

6
g
8 [
2
3

11 f25  A25 40
'}L[-ﬁ‘ﬂ"'

© Pearson Education Ltd 2C
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Exercise C, Question 10

Question:

Telephone callz arriving at a company are referred immediately by the telephonist to
other people working in the company. The time a call takes, in minutes, 15 modelled
by a continuous random wariable T, havingap d.f givenby

Y, 0=:=10,
fe)= :
0, otherwisze

a Show that L =0003.

b Find E(T.

¢ Find Var(T)

d Find the probability of a call lasting between 7 and 9 minutes.
e Shketchthe p.df

Solution:
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=10 3
| ke =1

hz LU
|: 3 :|I:I B
1000k

R =1
&

1000k =3
k=0.003
b
=10
E(T)= |, 0.00327dz

_[oo03 T’
4

0
a9 o
4
=75

0

=10
Varx) = [ 0.00%*ds =757

5 —lo
={0.003_: } e
& 0

= (60—-0)—-5625

=395
d
=9
P(7<T<9)=| 0,003 de

_ [0.00333 T
3 T

=0729 0343

= (0.386

] .Sﬁf(-X)

0.3 4
0.25 o
0.2 4
0.15 1
0.1
0.08 H
& ' ! ' x

ad ] 10 15
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 1

Question:

The continucus randoem variable S has p.d.f given by
i(8+2x—x:"), O=x=4,
f(xy=1980
0, otherwise.

a Sketchthep df of X
b Find the mode of X

Solution:
H |
fix
0.4 )
03
0z
0.1
D T T b, o 1 x
0 2 4 B
; i 4 3 ¥
b Differentiating e (B+Zx—x=0
3 _
ﬁ( a=2x=10
Thizs =0 when (2 - 2x)1=10
x=1

The mode 15 1.
i(Iote: To check this 15 a maximum you could differentiate again
and see if_[' 1z negative for all values of x.)

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 2

Question:

The continuous randoem variable S has p.d.f givenby
lx, O=x=4,

fix1=198
0, otherwize.

a Sketchthe cdf of X
b Find the median of X

Solution:
i |
Method 1 Methaod 2
o8 Fr)= [ 2xdx
52
A =—+C
e & 16
1 Fdy=1  1=1+C
0 x =0
e
Fixi=¢— D=x=4
16
1 xx>d
fix) 4
| === mm——————- ,
== 4 -.-.'
gl
h —=05s0m?=8§
16

m =3 =283 or—2.83

MWedian = 2.83 zsince -2 83 iz not in the range.

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 3

Question:

The continuous random variable XYhaz . d.f givenby
I 0, x=0

2
—, D= x= 2,
&

2
—?+2x—2, 2Ex=3

F(x)=

1, r=3
a Find the median value of & Give your answer to 3 decimal places.

b Find the quartiles and the inter-quartile range of & Give your answer to 3 decimal
places.

Solution:

a F(w) =05 where a2 15 the median.

Since Fi2) = % the median must lie in the range 0 = x = 2

2
e

So Flim) = T =05
mi=72
m=1730r-173

Median =173 zsince —1.73 iz not in the range.

b Lower quartile lies in the range 0 = x = 2

2
£ _gops

6
Qr=+15=1.225

Teper quartile lies in the range 2<x = 3
—%32+ 2, —2=075
—Q +60Q, - 6=225
—OF +60,-825=10
_—6+4f36-33

-2
=2.134 or 387

Q5 =2.134 az 3.87 does not lie in the range

Qs

IR =2.134 - 1.225=030%

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 4

Question:

The continucus randaem variable X has p.d.f given by
e 1—%2:, D=x=2,
0, otherwise.
a Sketchthe pdf of X
Write down the mode of X
¢ Findthe c.df of &
d  Find the median value of X

Solution:
a
Fixy
1.5
1
0.5
T T T . ‘
( .5 | 1.5 ) 7 5
L 0
c
Method 1 Method 2
¥ . =L _1_
J. |1—%z|d3=[5_%;3:| Fix) ~I1 2th:ix
’ 1 » =x—%xz+C
_ 2
-t F)=1 1=2-1+C
=0
0 x <l
F={x-+x'  05x<2
1 w2
Leod
d wm——wm =05
]

miodm+2=10

L AtJ16-8
-

mo=2—42 or 24+ 2 therefore median=2 — 42 as 2 + 2 is not

in range.

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 5

Question:

The continucus random variable ¥ has p.d.f givenby
1 1
———y, 0=y=3
fix)=q2 9 S 4
0, otherwize.

a Zketchthepdf of ¥
b Write down the mode of ¥

¢ Findthecdf of ¥
d Find the median value of ¥

Solution:
a
fiy)
0E
04
0z
_IZLI r y
] 1 2 3 4
b 0
C
Method 1 Method 2
» » " 1
l_Ldé{i_iﬁz} Flry=| 2=y dy
,2 BB - 2 19
1 =Y __yico
=Dy 2 187
el -
F(3i=1 l=5~+C
)
0 y =l
y 1 4
Fly=e e — 0=y<3
by R ¥
1 y=3
4 Bl Lo
2 18
mi—Gm +9=10
m_9i1381—36
- 2
median = 9‘;‘*@= 1.15

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 6

Question:

The continuous random variable Yhaz p.d. £ given by
Loss
Fx)={4" "
0, otherwise
a Sketchthe p df of X
b Write down the mode of X

¢ Find the c.d.f of X
d Find the median value of X

D=x=32,

© Pearson Education Ltd 2C
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Solution:
|
fix)
1.5
i
0.5
x
[u] 1 2 3
b 2
c
MMethod 1 Method 2
M lpa=[Le] E(o)=| 35
1] 4 16 0 1
_ 4
- %x-i =X +
Fidy=1 1=1+C
O=0
0 x =0
F={pa®  0<x<2
1 =2
d Lwt=05
1a '
mt =8
m= i&ﬂ'@
median = 1.68

Pagel of 1

3/18/201.



Heinemann Solutionbank: Statistics 2

Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Exercise D, Question 7

Question:

The continucus randoem variable S has p.d.f given by

E(fﬂ), -1=x=1,
flx)=18

0, otherwize.

sketchthe p.df of &

L I — -1}

Write down the median value of X
Find the c.d.f of X

-,
—

Solution:

fizx)

What can you say about the mode of X7

b bimodal -1 and 1
¢ median=10

i |

MMethod 1

Method 2

x
P g TH g 03 P
J.lg—x +§dx—|:§x3+§xi|_l

F(x)=|2x*+3 dx

P, .
i o3 1 3 =g +§x+C
o e | 3
) F(Iy=1 I=z4Z+0
=sx4Ix 4=
2 |:.::,=1
2
0 x =1
Fj=y 32 +2x+s 1=l
1 xx=1

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\s2_3 d 7.t

Pagel of 1

3/18/201.



Heinemann Solutionbank: Statistics z Pagel of 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 8

Question:

The continucus randoem variable S has p.d.f given by
3(3x—x2), 0=x=2,
fixy=4910
0, otherwise.

a Sketchthep df of X
Find the mode of X
¢ Findthecdf of X
d  Show that the median value of X lies between 1.23 and 1.24.

Solution:

file://C:\Users\Buba\kaz\ouba\s2_3 d 8.t 3/18/201.
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fix)
05
05
0.4
02
i T L Y X

0 1 2 3

b Find maximum by differentiating

d[@ 32] 5 4
P e e e ) SOOI o

X X
dx 107 10 1010
9 6
-
1010
3
x=— mode=135
2
C
Method 1 Method 2
X 9 3
(Er—izz]d::{izj—iﬁ} F':x)=".ﬁx—ﬁx2dx
JR100 10 20 10
= ixg—iIE = Exz_lﬁj o
207 10 200 10
F2) = (=20 _B
200 10
el
0 x <0
Fx)3 —xt— e’ 0<xr=2
20 10 T
1 G

d F(123) = 2x1.237~ 2125 = 0495

F(l.24)= 2. 1.24° —ll_ux 1.24%= 0,501

Ex

since 005 s in between the median lies between 1.23 and 1.24.

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics
Exercise D, Question 9

Question:

The continuous random variable Xhas c.d.f givenby
a, x=1,
Lovg
Fixy= g(x -1y, 1=x=3,

1, xF 3

a Find the p.d.f of the random variable X
b Find the mode of X

¢ Find the median of X

d Find the quartiles of X

Solution:

file://C:\Users\Buba\kaz\ouba\s2_3 d 9.t 3/18/201.
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0, otherwise

a Differentiating i (l x° —%J = lJr
dx \8 4
1
—x
fix)=<4

b mode=73

fixd

0.75 1

0.25 4
$ + +
| 2 3
€ lmz—l=0.5
2 2
lmzzi
3 3
m="-q"5
median= 45
1.4, 1
1 = ——=10.25
1393
L 3
973
Q=3
lower gquartile = 3
1., 1
— -——=075
3Q3 8
1_ ., 7
5% "%
Q3=\r?

upper quartile = 7

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 10

Question:

The continucus randoem variable XYhas ¢ d.£ given by

0, x=10,
F(x)=<4x -3x*", 0=x=1,
1, x=1.

a Find the p.d.f of the random variable X
b Find the mode of X
¢ Find P(02=X =025,

Solution:
d 4 2 1
a (47 -3 =122" — 122
dx

12x%i1-x1, O0=zx=1
f(x)=

0, otherwi se.

Imaximuin illlﬂr2 —12x° | = 24x— 362

2x—36x =0
12x (2—-3x) =0
:Jr:=CI-::urgm-::-de=E
3 3

¢ P(0.2<X<05=F0.5-F(02)
= (4%x05 —3x05 (4% 025 —3x0.2%
=02853

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Exercise D, Question 11

Question:

The amount of wegetables eaten by a family in a week iz a continuous random

variable Wlkg The continuous random variable Whasz p.d.f given by

Euﬁ(ﬁ—w), 0<x=<5,
hiisa 5

a, otherwise.
a Find the c.df of the random variable

b Find, to 3 decimal places, the probability that the family eat between 2 kg and

4 kg of vegetables in one week. E
Solution:
a
Method 1 Method 2
L 20
E53(5 ) dt= 100 s B F(XJ=J.—5W3(5—W)dx
55 4x5°  5x%F E
25 4
_ ?w‘*—%wﬁ = 5—5w4—?w5+0
ot Fim=1 1=5-4+C
=5—j|25—4wl O=10
0 x =0
ot
Fix) 5—5I25—4WI D=x=45
1 x=5

b P2 <w <) =F&) - F2)

4 4
= l:—jlﬁ—ltﬁl}—[i—j@ﬁ—gl

=0.650

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 12

Question:

The continuous random variable X has a probability density function given by

D="x=1,

f(x) = 1<x<2,

0, otherwise

a Find the cumulative distribution function.

b Find, to 3 decimal places, the median and the inter-guartile range of the

distribution. K

Solution:
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a Method 1 Method 2

| 1
F()=J‘—df F()=J.—dx
we ) S

L o

. ¥
=| - = —+
4 ;

X
4
1 ¥ 3 1 4 F 3 4
J.ldx+ i_dg=|:£:|+ ‘t_ x_dx=x_+.:j
0 4 i) 4l [20] 5 20
4
:l+x__l F(Z1=1 therefore
200 20
1=E+C
20
4
2035 5
0, x <0
f, 0=x <l
Fix)y 1
x_+_, =iz = 2
20 5
1, x=2
4
b Q—1+l=0.25
200 5
Qt+4-5=0
Q=1
4
Q—3+l=0.?5
20 5
Q. +4=15
Q' =1

;= LEZ21 er —1.821

Therefore upper quattile =1.821 as —1.821 iz not in range

IQR=182-1=01821
P;—;+%= 05
mt+d4-10=0
mt =6
m=157

Therefore median=1.57

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 1

Question:

The random variable X has probability density function fix) given by

1[1+5], 0=xs2,
Fy=430 2

0, otherwi se.
Find
a E(X)and E(3X4+2),
b Var(X) and Var(3X +2),
¢ FPX=<D,
d P(X =,
e P0S=X=15.

Solution:
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2
a ED =J‘ 5[1+i]dx
! Bl 2

[Xz X3:|2
=; |niefe
6 18]
2
=|—4—
{6 18:|

Var(3X +2) = 0Var(k)
=289

5
c P(X<1)=J._(1+f]dx

0

m
Towx 2,4
= ] S -
1 |U 3+6dx [3+12
il
_ v el bl 128
- [3] S
_4_ [1o, 100
= [f*ﬁ]
s G115
]

e POS<X<15)=PX=<15-DX¥=<05

13

=J' [lg]dx
Sond

4 ls

X X

= |24+
3]

15 1.5 0.5 05
= =—+—|-|=+—=

i 3 <2
0.5

file://C:\Users\Buba\kaz\ouba\s2_3 e 1.
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 2

Question:

The random variable X has probability density function £ix) given by
2-2x, D=gx=1,
Fix=

a
b

C

d
e

0, otherwise,
Ewaluate ECX).
Ewaluate Var(X).
Write down the values of E(2X +1) and Var(25 +1).

specify fully the cumulative distribution function of X
Wotl out the median value of X

Solution:
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=1
a E()=| 2x- Dt

3 0
]
3
-1 12
b Var(X) = | 2x° 2x3dx—|§|
1]
1
2. =2_1 47 _f1
= e
_il
iz
¢ E2K+1)=2EX+1
_ 1
—2><§+1
_ 3
2

Var(2X + 1) = 4Var(X)
4 2

1 ]

d

Method 1 Method 2
[X(2—2£)d£=[2x—x2]x | 2—Pxdr=2x-x 4+
L0 0 E
= ox —x2
T F2)=1  1=2-14C
o=
Y] x =0
F(x)= < 2x—x° 0=x=1
1 =1
[ Zr—xi=035
P-2x+05=0
2E44-2
xX=
2

x= 171 0r0.293

median = 0293 as 1.71 iz not in the range

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 3

Question:

The continuous random variable ¥ has cumulative distribution function given by

a0, y =1,
FOn={k(y’ —y). 1<y<2,
1 y=2,

where & 15 a positive constant.

a Show that &= %

b Find P(¥=13).
Find the walue of the median.
d  Specify fully the probability density function fy),

Solution:

a F(2)=1
FO) = k(7 - )
kd-2=1

]
k=

b P(F<15)=F(15)
= %wl.iz —-1.5
=0.375
c %@2<ﬂ=05
il
1+1+4

2
y= 162 ar-06&18
median = 1,62 az —1.618 iz not in the range

J}:

0 otherwise

1
-- l=y=2
f(x) = {}" T ¥

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 4

Question:

The continueous random variable X has cumulative distribution function
0, x=2,

1
F(x) = g(xf*—at), 22 x3,

1, x =3
a Find P(X »24).

b Find the median
¢ Find the probability density function, fix)

d  Ewaluate ELY)
e Find the mode of X

Solution:
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a PX> 24 =F(3-F(24)
= ;_|32 —4|—;_|2.42—4|

=0.648
or

P> 24)=1-F(24)
=1-124-4

=0.648

b Lixt—4j=05

5
272 -8B=5
Dt =13
A =S
=255 0r=253

median =2 55 as —2.55 1z not in the range

Bl pl 25
‘ de( 4)}_5

— 2=x=3
fixi=9 5

0 otherwize

32x:"
d EX)= [ ?dx
3

_ l2x3:|3
15 %

_ 54 16
7 15

_ 3%
15

-

£(x)

mode =3

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 5

Question:

The random variable X has probability density function f(x) given by
ke, 0<x<2
F={" " ===

0, wotherwize,
whete & 18 a positive constant.

a Show that k= g )

b Calculate ECY

¢ Specify fully the cumulative distribution function of X
d Find the value of the median.
e Find the value of the mode.

Solution:
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.2

a | xidx=1

B

32 .
=15

¢ IMethod 1

ri [ 2

3:|”
I

ca| M, co| ™

Fix)=

— |, o

Method 2

. 2
H@:ﬁ%m

3

=7 e
2

Fi(21=1 therefore §+ iZ=:1
=0

mode =2

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics
Exercise E, Question 6

Question:

The random variable ¥ has probability density function £(3) given by
OA+2y+2), 1<y <3,

0, otherwise,

f(x)=

where & is a positive constant,

a Show that &= i

b ZSpecify fully the cumulative distribution function of ¥
¢ Ewaluate P(¥ =2) .

Solution:
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3
a Jlk(yz+ 2y +2dy =1

.2 4 2
lk‘l..%+y2+2y ”1 =

k|€i+32+6\|—kfl+1+2\| =1
| 3 | =3 )

62

— k=1
3
et
62
b Method 1 Method 2
¥
3
Fiyd=| =+ 26+ Fixi= i(y2+2y+2)dx
, 62 62
3 » 2.3
iof| S 3 2_+yt+2y|+C
g2l 3 : 62 3
f A
_Eiw 2yJ le_%HJ’E_J F(3)=1 therefore
3 { !
TN I §+32+6|+C=]
62 62 31 31 62| 3
el
31
0 x=1
y3 3}»‘2 iy 5
Fixil=f —+—>"—4+——— 1= x<3
62 62 31 31
1 x> 3
e D(r=ay= J .;y+2y+2)dy or F(2) =
R
ST e i ar
) [ 31 21
2
o N _ i
—{E — 4ty +2y‘ Fimy
1

621 3

_ 1
X}

) ' Y
_3(2 +22+4|—i|—+1+2
| %203

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics
Exercise E, Question 7

Question:

A random variable X has probability density function f(x) given by

i(al—x?), -22x22,
fixy=+32
0, otherwise.
a Zketch the probability density function of X
b Write down the mode of X
¢ Specify fully the cumulative distribution function of X
d Find P05<=5<135).

Solution:
a
3 3
b mode=0
¢ Method 1 IMethod 2
3 3 2 3 a
Fx = — 4= | di Fxy= | =14-x"dx
(x) _[_232[ ) (x) _[32[ i
3F 3
32 32, 32 32
= 12_x_£ - —E+i F(2)=1 therefore E—E+C
32 32 32 3z 32 32
=1
32 32 2
0 x< -2
E
T e .
32 322 2
1 x> 2

d Pl05<X=15)=F1.5-F05

3 3
Lrie 1o TR 6 058 1
32 32 2 32 32 2
35
—morUQTB

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 8

Question:

A random variable X has probability density function f(x) given by

1
-, D=x=1,
3
2 4
f(x)=<$x, 1= x=2,
0, otherwise.
a Find E(X)

b Specify fully the cumulative distribution function of X
¢ Find the median of X

Solution:
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1 .22:{3
a E0=] Zdx+ | Zax
3 7
0 w]

b Method 1

Hﬂ=j%&

- 3]
=51
st
3
1 ¥ 1 3 i
jldx+ B—df,:[f} +{2¢—}
i . 3L, | 2
_l,22 2
= 9 o
e
o
_2 5
91 =0
0 x
% 0gx<l
2= 2zt 5
e TR 1€ x< 2
o1~y
_1 =2

Method 2
1
Fixi= | Zdx
(x) j3

=%t
3

Fiy =10 therefore C'=10
2 3
il AL
7 21

Fi2i=1 therefore

c F(l)= % therefore median lies in interval 1 < x < 2

a L
21 21

2 +5=105
2x3=155
g

x= 140

median = 1.40
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 9

Question:

A continuous random variable X has probability density function fix) given by

kx—k, 1<zx<3,
F(x)=

0, otherwise,

where & 15 a positive constant.

a Show that = %
Find E{X.

¢ Work out the cumulative distribution function, F(x).
d  Show that the median value lies between 2.4 and 2.3

Solution:
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g fﬁ:r—ﬁ:dle

2
{E_;ﬂ}pﬂ
2 1

pae E 5]
:_—_+_
4 2 4
0 x=l
2
Fixy= ___+Z l=x<3
1 X
2
d Fi2.d= £—E+l=0.5
4 2 4
2
F(2.5)=£—£+l =05
4 2 4

Method 2

x 1
F(X:I__[E_de

X

2

Fi=y =1 therefore %— §+ =l

T=025

Since 005 lies in between, the median 1z between 2.4 and 2.5,

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 10

Question:

The continuous random variable X has probability density function given by
x, D=x=1,
3xt

Fary =12 1e2x=2
@=17 ¢

0, otherwise.
Sketch the prob ability density function of &
Find the mode of X

Find E(2X).
Find Var(2.X +1)

Specify fully the cumulative distribution function of X
Tsing your answer to part e find the median of &7

=T T - -1}

LB -1

Solution:
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"

=
3
"

b mode=1
1 2
c E(X)=j xdx+
o 1
[XB}l [3;{4}
=|—| 4| —
3], 156

1 (48 3]
:_+ gt
3 \56 356

191
168

19

E =2x—
@4 168

191
54
1 i 8 2
d  Vatd)= '[ fdx+'[ 22 (E]
, | 14 168
A1 (3T [191]2
=) 4 =) -] ==
4) |70 \1es

_1+[48 3]_[191]2
47435 70, \168

3
3x -
14

2

=0.28601
Var{2X+1) =4%0.286
=114
e Method 1 Method 2
Fx)= | ta F(x)= [xdx
27 2
=[f_} =
2], 2
i
= 5 F(0y=10 therefore =10
: 'S 21 [T 3%’ 5
fdi+ | —di=|—| +|— —dx=—+C
0 1 2 L4y 14 14
:l+£_l Fi2)=1 therefore
2 14 14
1—E+C"
14
3
= X_+E C’:E
14 7 i
0 x<l
2
T 0= x<1
Fix)=
53
—+ = 12x=2
14 7
1 X2
2
f ?=05 median =1
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 1

Question:

The continuous random variable X ~ TT[2, 7).

Find
a PE3=XK=5,
b P(X=4)
Solution:
a ! =L=U.2

h—a T-2

iz 4

0.2 1

0 2 5o Ak

P(3<X<5=(5-3) % 0.2
=04

b PX>4)=(7-4) x 0.2
=06

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 2

Question:

The continuous random variable Xhasz p.d.£ as shown in the diagram.

[(x) &

0.1 -

=Y

Of 26 k
Find
a  the walue of I,

b PUA<X<79).

Solution:

a Area=1
[E:—E.tﬁ)xlj_] =1
[ﬁ:— 2.6): 10
k=126

b PA<X<79=(7.9-4) %01
=10.39
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 3

Question:

The continuous random variable X has p.d.f

k, —2=x=6,
f(x)=

0, otherwise.
Find
a  the walue of &,
b P(-13< X <42

Solution:

a Area=1
kx(6-(-2)1=1
=1

b P(-13<X<42)= éx[4.2—(—1.3))
= [.6875

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 4

Question:

The continuous random variable ¥ ~ U[a, &]. Giventhat P(F < 3) =% and

PiF ="N= % . find the value of @ and the value of &,

Solution:

fix) 4

Shaded area =1-025-10.5
= (.25

i. ,— :.I///:_/
‘ 0.25 / 0.3
5

It 7 Ir X

shaded area= i_l
P |
2xk=1

1

k=g
(B=T)xz=05
(2-7)=4
b=11

(5—a)xz=025

[5—a)=2
g=273

© Pearson Education Ltd 2C
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Exercise A, Question 5

Question:

The continuous random variable & ~ T[2, 8],

a  write down the distribution of F =25 +5.
b Find P{l2<F «20).

Solution:

2w 24+5=9
2x3+5=21
r—-T7%, 21]

b Forl, L L .

B D=0 A0
P12 < 20)=(20—12)x
2

3

© Pearson Education Ltd 2C
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Solutionbank S2
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Exercise B, Question 1

Question:

The continuous variable ¥ iz uniformly distributed over the interval [—3, 3].

Find:
a  E(X),
b Var(x),
B Bl
d  the cumulative distribution function of X, for all x.
Solution:
54—
B = 22
2
=1
(5-¢3)°
h Var(Xy=>_— "~
12
]
=52

Var(X) = E(X%) - EE)F

[

53 =E%) -1
B4 = 65
A
d P(x)=j
L5 (3)
_{f "
81
_ x+3
2
0 r==3
Flx) = XJ: =g
1 =5

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 2

Question:

Find E(X) and Var(X) for the following probability density functions.

a f(x)={
b f"(x)—{

Solution:

, 1l==x=35,
otherwi se.

—2=x =6,

oowl— o I

otherwise.

3
(s
12
= 1;_
G420
2

Var(X) =

b E(d)=
=2

6= (=)

Var(X) = %

a1
_5§

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 3

Question:

The continuous random variable X has p.d.fas shown in the diagram.

flx) A

b | =

0 3.5

W

Lh
LA
-

Find:

a

b
&

d

E(4,
Var(X),
E(X?,

the cumulative distribution function of X, for all x.

Solution:
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2 Egge 25435
2
=45
B U0 (5.5-3.5y"
ar - - —
12
_ 1
3

¢ Var(¥) = E(X¥%) - (EL)¥
% =E(X2) - 20.25
E(X2) = 201"'_2 =206 (3 5.£)

d F(x]l=j L
,33.5-35

i 3.5
22
s
2
0 x<C35
F(x) = %—1.75 3.5<x<55
1 x>55

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 4

Question:

The continuous random variable F ~ Ula, &]. Given E(F1=1 and Var(¥) =;,
find the value of @ and the value of &

Solution:

E(H

a+b
Su

a+b=2 (1)

1

Var (F)

(b—a) _
g T

(b—a) =16 (2)

=
3

Solving equations (1) and (2) simnultanecusly

bh=2—-a
(2—a-a) =16
(2-2a) =14
2—2a=4 2—Z2a=—4
a=—1 a =73
h=2—(—1 h=2-73
=3 =—1

Sincea<h a=-land2=3

© Pearson Education Ltd 2C
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Solutionbank S2
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Exercise B, Question 5

Question:

The continuous random variable X has probability density function

l, —l=x=5,
fixy=24

0, otherwise.
Given that ¥ =4X5 — & find E(¥) and Var (D),

Solution:

S+i(-T
2

E&) =

2(5 D)
Varl) =

=3

E(¥)=4E(X) -6
=5-6
=2

Var(P) = 16 Var(X)
=43

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\s2 4 b 5.t

Pagel of 1

3/18/201.



Heinemann Solutionbank: Statistics 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 6

Question:

The random variable X is the length of a side of a square. X ~TT[4.5, 5.5].

The random variable ¥ iz the area of the square.

Find E(¥).
Solution:
55 x3 55
E(=EX% orj xzdxz{—:|
i 53 [4 5
EC) = 4.5+5.5
LS 25_
=

e T (5.5-4.5Y

arfA) = T

gt
)
Var(X) = E(X%) - EX)F
ISR
L =E@R)-2s
E(?) = 252
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 7

Question:

In a computer gate an alien appears every 2 seconds. The player stops the alien by
pressing a key. The object of the game iz to stop the alien asz soon as it appears,
Given that the player actually presses the key T s after the alien first appears, a

simple model of the game assumes that 7 15 a continucus uniform random wariable
defined owver the interval [0, 1].

a write down P{T =02},
b Write down E(T)
¢ Use integration to find Var (7).

Solution:

1 1

=—=1

b—a 1-0

a P(T<02) =(02-0x1
=07

b ET=05

¢ Var(T) = jﬂlzﬂd; _ .52

3 1
= {f—} ~025
3 i}

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics
Exercise C, Question 1

Question:

The continuous random variable X 15 uniformly distributed ower the interwal [—2, 3].
a  3ketch the probability density function fix) of X

Find
b E(),
¢ Varl),

d  the cumulative distribution function of X, for all x,
e PEo<X <55,
f PX=4.

Solution:
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a
fix)
]
-2 0 3.5 5 "
Ty Pl e [
el D sy 1
¢ Var (X} o T =4 iz

ro 1
dP@=£§t§5¢

- r+2
7
0 x =2
Fix) = xiz oS
1 x>0

e P(35<X<55=P(35<X<5)
=ﬂ5—35}x%)
il
14
fPr=4=0

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Exercise C, Question 2

Question:

The continuous random variable X has p.d.f as shown in the diagram.

f{x) 4

—4 k
Find
a  the walue of £,
b P(-2<X=-1),
¢ E(D,
d - Varld),

e the cumulative distribution function of X, for all x.

Solution:

a Area=1s0
k+dix02=1
02k+08=1
k=1

b PC2<X<-1)=1x02=02
wdip]

¢ BW=——=-15
(B—a)® _ (=4 _ Sl

i oy =
=" 12 Iz

e

o
F(x) =j dt
el )

o et
5
] x =4
Fx) = x;”4 4= x < 1
1 =1

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 3

Question:

The continuous randoem variable ¥ iz uniformly distributed onthe interval e =F = &,

Given E(Y) =2 and Var(¥)=3.

Find
a  the value of @ and the value of &,
b F(X =18
Solution:
. BT oo g pemen o
Var (¥) = h=a)_
12
Substituting for ¢ gives (25 —4)2 =36
(2b—41= %6
b=5 or h=-1
a=-1 a=>5
but & =
=5 a=-1
h
f(x) 4
3
-1 0 1.k 5 T

P¥=18= (5-18 }x% =0.533 (3 5.f)

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 4

Question:

A child has a pair of scissors and a piece of string 20 cm long, which has a mark on

one end. The child cuts the string, at a randemly chosen point, into two pieces. Let X

represent the length of the piece of string with the mark on it

a  Write dewn the name of the probability distribution of X and sketch the graph of
its probability density function

b Find the values of E{LX) and Var (&)

¢ Tasing your model, caloulate the probability that the shorter piece of string 15 at
least 8 cm long.

Solution:
a X-T(0,20)
f(x}./r
1
]
0 208 &
b
E(r = 2040_ o
(20—0)* 400 i
i =2 = =33
ar ()= 12 3

e P(E< X <12)=(12-8) x L =02
20

© Pearson Education Ltd 2C
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Exercise C, Question 5

Question:

Joan records the temperature every day. The highest temperature she recorded was
29 " to the nearest degree. Let A represent the error in the measured temperature.

a  Suggest a suitable model for the distribution of X
b Tsing your model calculate the probability that the error will be less than
0.2,

¢ Find the variance of the error in the measured temperature.

Solution:
a
A~=TI-05 059
)]
fl[)(]l/\“
1
X
05 07 ] 07 05

P-02<X=02=04=x1=04

(- (05-(-050
i & T 12 RE

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics
Exercise C, Question 6

Question:

Jameil catches a bus to work every morning. According to the timetable the bus 1s
due at 2 am., but Jameil knows that the bus can arrive at a random time between
three minutes early and ten minutes late. The random variable X represents the time,
in munutes, after 9 a.m. when the bus arrives.

a  Suggest a suitable model for the distribution of X and specify it fully

b Calculate the mean value of A

¢ Find the cumulative distribution function of X

Jameil will be late for worle if the bus arrives after 9.05 am.

d Find the probability that Tameil 1z late for work.

Solution:
a fix)
1 =
&
300 o
X ~T0(=3, 10)
1
s ENE SRl
fix)=413 -
0 otherwize
b Tian=Bi0 =00 e & S
C
o
P(x)—_[_zﬁdé
-5l
13],
= x+3
13
0 x< —3
3
T 3= x=10
13
1 x> 10

d PO<X=<100=(10-5) % %=

bl

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 7

Question:

A plumber measures, to the nearest cm, the lengths of pipes.

a  Suggest a suitable model to represent the difference between the true lengths
and the measured lengths.

b Find the probability that for a randomly chosen rod the measured length will be
within 0.2 cm of the true length

¢ Three pipes are selected at random. Find the probability that all three pipes will
be within 0.2 cm of the true length

Solution:
a 0505
b
1694
> x
—0.45 0.5

P-02=X=02)=(0.2—(-02x1=04

¢ P(3pipes between —0.2 and 0.2) =047 =0.064

© Pearson Education Ltd 2C
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Exercise C, Question 8

Question:

A coffee machine dispenses coffee inte cups. It is electronically contrelled to cut off
the flow of coffee randomly between 190 ml and 210 ml The random variable X iz
the volume of coffee dispenszed into a cup.
a  Specify the probability density function of X and sketch its graph
b Find the probability that the machine dispenses

1 less than 198 ml,

1 exactly 198 ml.
¢ Calculate the inter-quartile range of X

Solution:
a
fix)
1
20
» x
150 210
L 190<x<210
f) =17 ¥ -
] otherwise
- - L S
b i P =198)=(198 - 190) =55 i
i 0
2104ﬂ =15 15 one quarter of the range
M =190+5=195 =210-5=205

IQE.=205-195=10
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Edexcel AS and A Level Modular Mathematics
Exercise C, Question 9

Question:

Write down the name of the distribution you would recommend as a suitable model
for each of the following situations.

a the difference between the true height and the height measured, to the nearest
ctn, of randomly chozen people.

b the heights of randomly selected 18-year-old females.

Solution:

a Uniform
b  Mormal

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics

Exercise A, Question 1

Question:

The discrete random variable X takes integer wvalues and 1z to be approximated by a
normal distribution. Apply a continuity correction to the following probabilities.

a
b
c
d
e

f

h

PX =T
P(X <10)
P(X = 5)
P(X =3)
P(17 = X = 20)
P18 < X <30)
P(28 < X <40)
P(23< X <35)

Solution:
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a PX<7=PX<75

b P(X<10)=P(X <95

¢ P(X>5=PX>55

d P(X=3)=P(X>25

e PI7<X<20)=P(165<X <20.5)

f PllB<X <30)=P(l85<X <295

L]

P(28 < ¥ =40) =P(28.5< X <40.5)

h P(23<X <35 =P225<X <345

© Pearson Education Ltd 2C
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Exercise B, Question 1

Question:

The random variable X ~ B(lﬁO,;—} . Use a suitable approzimation to estimate
a P(X =40,

b FiX =60,

¢ P45= 4 =60).

Solution:
X ~B(150,3)
v
}’~N(50,,{—i”3” ) .
a
P(X <40) = P(¥ <40.5) - :
1 T
40.5—-50
= Bfzet0d ] 40 41
JT
= P(Z <—1645.)
= 1-09505
= 0.0495 B
(cale =0.0499. )
b —
P(X=600 = P¥F=605 | |
= P(Z=1818.) 60 1
1—0.9656
= 0.0344

1.82

{calc =0.03448.. )
S0 accept awrt 0.0340 (3 2.1)

PAS< X <60) = PE45<Y <605
= P(—095<Z <182

= 09656—(1-08289)  (L0=079512..)

= 07945
accept awrt 0,795

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics
Exercise B, Question 2

Question:

The random variable X ~B(200,0.2). Tse a suitable approximation to estimate
a P& =45,

b P25=X <353,

¢ PX=42

Solution:

X ~B(200,0.2)
7 - N(40,32°) Xt

P(X <45 m P(Y <445
44.5—40
oo T e
e
= P(Z<07954..)

= 07881

- p[z

(calc =07868..)
S0 accept awrt 0788~ 0787

b
|
- |
i |
P(5< X <35 = D(245<Y<345) 1 I
= P(—274<Z <—097..) F3s
= [1-—0.8340]—[1—0.9970]
= 0.163
-2.74 —).97

{calc =0.162386.. )
so accept awrt 0.162 ~ 0163

P(X¥=42) = P@15<Y<425)
= P0.265. <Z<04419.)
= 0.6700—0.6064
= 0.0636

0.27 .44

{calc =0.066175__)
go accept awrt 0.0640 ~ 0.0660
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Edexcel AS and A Level Modular Mathematics
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Question:

The random variable X ~B(100,0.65). Tse a suitable approximation to estitmate

a P{X =58),

b FPE0<X=72),
c  P{X=T70).
Solution:
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X ~B(100,0.65)

¥~ (6542275 )

P(X =58) =

P60 < X <72)

P(X=70) =

P(Y =58.5)
P(Z5—136:)
0.9131

s PEOS<Y <725

= P(—0.94<Z<157.)

= 0.9418-(1—-0.8264)
= 07632

P(69.5 <Y < 70.5)
P(0.943< Z <1.153..)
08749 — 0.8264
0.0485

© Pearson Education Ltd 2C
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KesY

-1.36

{calc =0.8135__)
S0 accept awrt 0,913~ 0914

— -

60 1+ 61 72 73
—0.94 1.57

(calc =0.76935_)
S0 accept awrt 0,768~ 0769

AN

(.94 1.15

{calc =0.04829 )
=0 accept awrt 00485 ~ 00485
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Question:
warah rolls a far die 20 times. TTse a suitable approzimation to estimate the
probability that the number of s1xes she obtains 15 over 20

Solution:

A =number of sixzes in 90 rolls

X ~B(0,7)
¥ ~N(15,4125) XwY
P(X>20) = P(F>205) .
20.5—15
= P[z:;i]
= | |
25 | |
= P(Z=1555.) 0 21
= 1-0.5406 {
= 0.05%
. b

1.56

(calc =0.0598%7 )
S0 accept awrt 0.05% ~ 0,060

© Pearson Education Ltd 2C
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Question:

In a multiple choice test there are 4 possible answers to each question. Given that
there are 60 guestions on the paper, use a suitable approximation to estimate the
probability of getting more than 20 questions correct if the answer to each question
1z chosen at random from the 4 awvailable choices for each question

Solution:

A =number of correct answers

X ~B(60,3)
¥~ 1(15,f11.25 ) ray
-
P(X>20) = P(¥>205)
20.5—15 20 ; 21
= Pl
[ = ]

= P(Z>1635..)

= 1—0.9495

= 0.0505

- 7

1.64

(cale giwves 00502250
=0 accept awrt 0.0505

© Pearson Education Ltd 2C
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Question:
A fair coin g tossed 7O times. TTze a suitable approximation to estimate the
probability of obtaining tmore than 45 heads.

Solution:

X =number of heads in 70 tosses of a fair coin

X ~B(70,0.5)
¥~ N(35,17.5°) Xw¥
P(X>45) = P =455
455135
= P[Z =3 —] | |
F | |
B2 45 1 46
= B(Z>25099.)
= 1-0.9%40
= 0.0060

{calc gives 0006036, )
S0 accept awrt 0.006

© Pearson Education Ltd 2C
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Question:

The random variable X ~ Po(30) . Tse a suitable approximation to estirnate
a P{X=20),

b P =43,

¢ P25=X =35

Solution:
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X ~Po(30)

¥ ~ N(30,/30)

a

P(X<20) »s

P(X =43) =

P(25< X <35)

© Pearson Education Ltd 2C

P(Y < 20.5)
20.5—30
)
P(Z <—1.7344..)
1—0.9582
00418

P[Zﬂ:

P(Y = 43.5)

43.5-30
)
P(Z > 2.46..)
1-0.9931
0.0069

P[Z==

;s P(245<Y <35.5)

Ay

&

19 20

{calc gives 0.041418_. )
S0 accept awrt 0.0410 ~0.0420

.,

= P(—100<Z<100.)

= 2x0.3413
= [.6826

file://C:\Users\Buba\kaz\ouba\s2 5 ¢ 1.t

2.46

{calc gives 0.006855 )
accept awrt 0.006%

\\\\“&x\*

//

-1

(cale gives 0684650
accept awrt 0683~ 0685
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Question:

The random variable X ~ Po(43) . Tze a suitable approximation to estimate
a P{X <40,

b P{Xz=a0y,

¢ PE3< X =32y,

Solution:
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X ~Po(d5)
. NS e Ky
A
P(X <40) s P(¥ <395 -— |
. | . | |
_ pfg 305045 . |
45 9 040
= P(Z<—0819.)
= 1-0793%
= 02061
.82
(calc gives 0206120
=0 accept awrt 0206
b | -
P(X=50) s P(¥ 495 e b g
o —
= P(Z>06708.) © 1 5
= 1-07486
= 02514
)
0.67
(calc gives 0.25116.
o accept awrt 0.251
C
P2« X <52) s P(43.5<Y <525 .
= P(—022.<Z=112.) | | 1
= (.8686—(1—05871) 43 4 52 153
= (04557

{calc gives 0 456693
=0 accept awrt 0456 ~ 0457

© Pearson Education Ltd 2C
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Question:

The random variable & ~ Po(60) . TTze a suitable approximation to estimate
a P(X =60,

b FP(X=63,

¢ PEL=X <60,

Solution:
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X ~ Po(60) Xw¥
¥ ~ N(60,/60°)
a

P(X<62) n DY <62.5) -~ E |
62.5—60 T
= P[E:: 70 ] 62 | 63

= P(Z<03227..)

= 06255

{calc gives 062655 )
So accept awrt 0626 ~ 0627

P(X=63) = P625<Y <63.5)
= P032.<Z<045.)
= 06736—06255
= 00481

0.32 045

{calc gives 0047750
o accept awrt 00450

= P(—071... <2 <058..) |
= 07190 —-(1-07611)
= 04801

Poa<{ X =60 = P45 Y <649 |
L
|

D

.71 (158

{Calc gives 0450520
=0 accept awrt 0,480 ~ 0,431

© Pearson Education Ltd 2C
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Exercise C, Question 4

Question:

The disintegration of a radicactive specimen is known to be at the rate of 14 counts
per zecond. Teing a normal approzimation for a Poiszon distribution, determine the
probability that in any given second the counts will be

a 20,21 or 22,

b greater than 10,

¢ above 12 but less than 16,

Solution:
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A =number of counts in one second
X ~Polldy
¥~ N(14,+f14) XwY

a

PR0< X <22 = P(195<F <225)
= D(14T<Z<227.)
= 0.9884—-0%925%2 7
= 0.05%2 147 2.

27

(calc gives 0059257 )
wo accept awrt 0.0520 - 0.0600

b
P(X =101 = P(¥ =10.5) Ji I—’“
= P(Z>—0935._) l‘”:‘ :
= 0.8264 '

—.94

(calc gives 0.8252..)
S0 accept awrt 0825~ 0826

C

P(122 X <16) s P(125<F <155
= P(—040..<Z<040.)
= 2x01554
= 03108

{calc giwes 03112003
Soaccept awrt 0,311~ 0312

© Pearson Education Ltd 2C
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Exercise C, Question 5

Question:

& marina hires out boats on a daily basiz. The mean number of boats hired per day is

15. Tsing the normal approximation for a Poisson distribution, find, for a period of
100 days

a  how often 5 or fewer boats are hired,
b how often exactly 10 boats are hired,

¢ on how many days they will hawve to turn customers away if the marina cwns 20
boats.

Solution:
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& =number of boats hired per day

X ~ Po(15)
¥~ N(15,+f15 ) XY
a
D(X<5) = P(F<55)
= D(Z<-2452..)
= 1-0.9929
= 0.0071 s

-245

(calc gives 0.00708. )
=0 accept awrt 0.0070 to 0.0071

te in 100 days s 0.7 times
1e. 1 day

b
P(X=10) s P(I5<¥ <10.5)
= P(—142<=Z <—116)
= [1—0.8770]—[1—0.9222]
= 0.0452

(calc gives 0.04484
So accept awrt 0.045

Le in 100 days == 4.5 days
Le 4 or S days

[
P(X =20) s P(Y =205

= P(Z=142.)
= 1—-05222
= (00778 = ,///é@/

1.42

{calc gives 007779,
S0 accept 0073

te in 100 days =7 8 days
1e 8 days

© Pearson Education Ltd 2C
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Question:

A fair die i relled and the number of sizes obtained is recorded.
TTzing suitable approximations, find the probability of

a  no more than 10 sizes in 48 rolls of the die,

b atleast 25 sizes in 120 rolls of the die.

Solution:

a A =number of sizes in 48 rolls of a die
X ~B(48,7)
¥ ~Po(8) H=18

F(Y<1 s PF <IN
= 038138 {Potsson tables)

b XY =number of sizes in 120 rolls of a die

X ~B(120,3)
2 a
F~N(2o,\@) orF~N(20,\/53j) =20
P(X =25 ~ B> 245) .
= PEZ=110.) |
= 1-0.8643 24 25
= 01357

= 72

1.10

{calc gives 0.135172_. )
Soaccept awrt 0135~ 0136

© Pearson Education Ltd 2C
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Exercise D, Question 2

Question:

A fair coin iz spun 60 times,
TTze a suitable approximation to estitnate the probability of obtaining fewer than 25

heads.

Solution:

& =mumber of heads in 60 spinz of a coin

X ~B(60,0.5)
¥ ~ (30 Af15°) XwY
D(X <25 m P(V<245) ‘ |
= P(Z<—142.)
= 1-0.9222 " L e
Y/, |
-1.42

{calc gives 0.077F9022_.
o accept awrt 00775

© Pearson Education Ltd 2C
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Question:

The owner of a local corner shop calculates that the probability of a customer buying
a newspaper 18 0.40 but the propottion of customers who spend over £10 12 0.04,

A randem  sample of 100 customer’s shopping 18 recorded. Tse suitable
approximations to estimate the probability that in this sample

a  at least half of the customers bought a newspaper,

b more than 5 of them spent over £10.

Solution:

a & =number of customers who bought a newspaper

X ~B(100,0.40)

¥~ 140, 4/24°) Xw¥
DX >50) m P(F>49.5) e
= P(Z>1939.)
= 1-09738
= 0.0262
. P
1.94

calc gives 0026239 _
=0 accept awrt 00262

b T =number of customers wheo spent over £10

T~ B(100,0.04) =4
S ez Pold)
T N
P(T=5 = PS=6 (o continuity correction)
= 1-F{a=o
= 1-07831 (Poizzon tables)
= 02148

© Pearson Education Ltd 2C
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Exercise D, Question 4

Question:

=treet light failures in atown occur at a rate of one every two days. Assuming that X,
the number of street light failures per weelr, has a Poisson distribution, find the
probabilities that the number of street lights that will fail in a given week 1z

a  exactly 2,

b lessthan .

TTzing a suttable approximation estimate the probability that

¢ there will be fewer than 45 street light failures in a 10-week period.

Solution:
K ~Po(3 -— ?.,:?xl
a 2
PiE=2 = PASH-PE=D
= 0.32083-—0.135%
= 0.184%
b
P(E=6) = P&
= 0.857%

Let F =number of fatlures in 10-week period

¥ ~ Do(35)
W~ N(35,35)

P(Y <45) = P(F<445)
{44.5—35] |
R ) 44
= P(Z<1605.)
= 0.9463

_ P[g

y
w

\

1.61

cale gives 0945540
So accept awrt 0,946

© Pearson Education Ltd 2C
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Exercise D, Question 5

Question:

Past records from a supermarket show that 20% of people who buy chocolate bars

buy the family zize bar. & random sample of 80 people 15 taken from those who had

kought chocolate bars,

a  Tze a suitable approzimation to estitnate the probability that more than 20 of
these B0 bought family size bars.

The probability of a customer buying a gigantic chocolate bar 15 0.02

b Tsing a suitable approzimation estimate the probability that fewer than 5

customers in a sample of 150 buy a gigantic chocolate bar.

Solution:

K =number of people out of 80 who buy family size chocolate bars
K ~B{30,0.20)

¥~ N(16.128 )

a

P(X =20 = P(¥=205)

20.5—16 : -
- P[ZE—] !
iz ——
= P(Z=12577.) 0 | 21
— 1—0.8962 '
— 01033 =y
yd \
A .

1.26

calc gives 0104234
o accept awrt 0104

b & =number who buy a gigantic bar of chocolate

& ~B(150,0.02) «— u=150x002=3
H~Fol3) G H
P(T<3) = FPH<I Mo continuity correction)

= PFH=4)

= (8153 iPoizzon tables)

© Pearson Education Ltd 2C
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Question:

a  Write down a brief description of a census.
b Write down two advantages of using a census rather than a sample.

¢ Write down two disadvantages of using a census rather than a sample.

Solution:

a A censzus is when every member of a population iz used.
b AWY TWO FREOM:

Tt 15 unhbiased

It gives an accurate, reliable answer.

It locks at every single member of the population
¢ ANY TWOFROM:

It can take a long time to do.

It is often costly.

It 1z not easy to ensure that every member of the population 15 taken into

account.

© Pearson Education Ltd 2C
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Exercise A, Question 2

Question:

TWrite down which of the following are finite populations and which are infinite
populations.

a  Stars in the sky.

b Workers in a supermarket.

¢ The number of cows in Farmer Jacob’ s herd of cows.

Solution:

a iz an infinite population.
b and ¢ are finite populations.

© Pearson Education Ltd 2C
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Exercise A, Question 3

Question:

a  Write down a brief description of a sample.
b Write down one disadvantage of taking a sample rather than a census.
¢ Write down two adwvantages of taking a sample rather than a census.

Solution:

a EITHEE. A& zample 15 a subset of the population.

OF: A sample consists of a selected group of the members of the population.
b ANT ONE FROM:

It may be biased.

It tnay be subject to natural variation,
¢ ANY TWO FROM:

It iz generally cheaper.

Diata iz often easier to get

It generally takes less time.

It avoids testing to destruction.

© Pearson Education Ltd 2C
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Question:

A ity council wants to know what people think about its recycling centre,

The council decides to carry out a sample survey to get the opinion of resident’ s
Views.

a  Write down one reason why the council should not take a census,
b Suggest a suitable sampling frame.
¢ Identify the sampling units.

Solution:

a ANY ONE FEO

It would be expensive,
It would be time consuming.
Tt would be difficult

b A list of residents.

¢ Aresident

© Pearson Education Ltd 2C
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Question:

A factory manufactures climbing ropes. The manager of the factory decides to
inwestigate the breaking point of the ropes.

WWrite down areason, other than easier and cheaper, why he would not usze a census,

Solution:

The climbing ropes would all be destroyed

© Pearson Education Ltd 2C
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Exercise A, Question 6

Question:

A supermarket manager wants to find out whether customers are satisfied with the

range of products in the supermarlket He decides to do a survey.

a  Write down a reason why the manager decides to use a sample rather than a
CENSUS.

He decides to do a sample survey.

b Describe the sampling units for the sample survey.

¢ Give one advantage and one dizadvantage of using a sample survey.

Solution:

a ANY ONE FEOM:
It will be easier.
Tt will be quicker.
It will be cheaper.
b Customer
¢ Advantages:
AT ONE FEOM:
It wrill ke quick to de.
Tt wrill be easy to dao.
It will not cost too much,
PLE
Dizsadvantages:
ANTY ONE FEOM:
Mot everyvone’s wiews will be known,
It might be biased.

© Pearson Education Ltd 2C
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Exercise A, Question 7

Question:

LA manager of a garage wants to know what his mechanics think about a new pension
scheme designed for them. He decides to ask all the mechanics in the garage.

a  Describe the population he will use.

b Write down the main adwvantage there will be in asking all hiz mechanics.
Solution:

a Allthe mechanics in the garage.
b Ewveryone’s wiews will be known,

© Pearson Education Ltd 2C
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Question:

Each computer produced by a manufacturer 15 stamped with a unique serial number,
TTPre Limited make their computers in batches of 1000, Before selling the
computers, they test a random sample of 5 to see what electrical overload they will
talke before breaking down

a  (ive one reason, other than to save time and cost, why a sample 15 taken rather
than a census.

b Suggest a suitable sampling frame.

¢ Identify the sampling units.

Solution:

a Ifacensus were used all the computers would be destroved.
b The list of unique serial numbers,
¢ A computer

© Pearson Education Ltd 2C
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Exercise B, Question 1

Question:

A forester wants to estimate the height of the trees in a forest. He measures the
heights of 50 randomly selected trees and works out the mean height State with a
reason whether or not this mean is a statistic,

Solution:

This mean is from the values of a sample so it 15 a statistic.

© Pearson Education Ltd 2C
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Exercise B, Question 2

Question:

A randem sample MM MM, 15 taken from a population with unknown

tnean g For each of the following state whether or not it 15 a statistic

A Mo+,
’ 2
by I
»
A 3
c ==
ks
Solution:

1) and i1) are statistics.
1) 18 not a statistic since it uses o

© Pearson Education Ltd 2C
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Exercise B, Question 3

Question:

The owners of a chain of hairdressing shops want to introduce the use of overalls in
all the shops. The random variable Fis defined as

I =0 if the staff are happy to wear the owveralls and

I =1 if the staff are unhappy about wearing the overalls,
a  Suggest a suitable population and 1dentify any parameter of interest.
A random sample of 20 of the hairdressers are asked whether they are happy or
unhappy about wearing the overalls

»
b Write down the name of the sampling distribution of the statistic X =>"F.
1

Solution:

a All the hairdressers who work for the chain of hairdressing shops.
The proportion p of the staft happy to wear overalls.

b Thiz iz a binomial distribution since we are only interested in two options —
whether of not the hairdressers are happv to wear the overalls.

© Pearson Education Ltd 2C
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Question:

& secretary makes spelling mistalees at the rate of 5 for every 10 pages. He has just
finizhed typing a siz-page docutment.

a  Write down a suitable sampling distribution for the number of spelling mistalees
it his document.
b Find the probability that there has been fewer than 2 spelling mistakes in the
document
Solution:

a) Pol2)
b)Y PLY « 23=P(X < 1)=0.19%1

© Pearson Education Ltd 2C
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Exercise B, Question 5

Question:

A bag contains a large number of cotne. 0% are 50 pence coins.
25%h are 20 pence coins 25% are 10 pence coins.
a  Find the mean, g, and the wvariance, &, for the walue of this population of coins.

A random sample of 2 coing i choszen from the bag
b Listall the pozsible samples that can be chosen,

¢ Find the sampling distribution for the mean.

E _ Xl +X2
2
Solution:
a
A a0 20 10
X2 2500 00 100
J2 0.5 0.25 0.25

Mean = (50x0.5) + (20 % 0.25) + (10x 0. 25) =25+ 5+ 2. 5=32.5
Variance = (2500 % 0.5) + (400 x 0.25) + (100 0.25)) — 32,52
= (1250 + 100 + 25) — 1056.25 = 1375 — 1056.25 = 318.75

b (50
(50
(50
(20
(20
(10

.20

, 200 (20, 50
, 100 (10, 509

.20y

. 100 (10, 20

.10}

¢ P(X =50)=05x05 =025
P(F =35) =(0.5x0.25) x2=0.25
P(F =30) =(0.5%x0.25) x2=0.25
P(F =20) =(0.25x0.25) = 0.0625
P(F =15)=(025x025) x2=0.125
P(F =10) = (0.25x0.25) = 0.0625

=0 the sampling distribution for the mean is;

X

50

35

30

20

15

10

P(X)

0.25

0.25

025

00625

0125

00625
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Heinemann Solutionbank: Statistics 2

Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Exercise B, Question 6

Question:

A manufacturer makes three sizes of teaster. 40% of the toasters sell for £16, 50%

sell for £20 and 10% sell for £30.
a  Find the mean and wvariance of the walue of the toasters.

A zample of 2 toasters is sent to a shop.
b Listall the possible prices of the samples that could be sent.

¢ Find the sampling distribution for the mean price X ofthese samples,

Solution:

16

20

30

400

200

a

X

X 256
r |04

0.5

0.1

Mean = (16 x0.4) + (20 % 0.5) + (30x0.1) = 6.4 + 10+ 3=19.4

Variance = (256 % 0.4) + (400 % 0.5) + (900 x 0. 1)) — 19.42

=(102.4 + 2004900 - 37636 =3924 - 376 36 = 1604

(16, 16)
(16, 20y (20, 16)
(16, 30) (30, 16)
(30, 30)
(30, 20) (20, 30)
(20, 20)

P(X =16)=04x%04 =016

P(X =18) =(04x05) x2=04

P(X =23) =(0.4x0.1) x2=0.08

P(T =320) =(0.1x0.1)=0.01
P(T =25)=(0.1x0.5 x2=0.1
P(X =20)=(0.5x0.5)=025

o the sampling distribution for the mean 1s: [use TTC X throughout]

16

18

20

23

25

30

r
PE

)

016

0.4

0.25

0.08

0.1

001
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Heinemann Solutionbank: Statistics z Pagel of 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 7

Question:

A supermarket sells a large number of 3-litre and 2-litre cartons of milk. They are
gold in the ratio 3.2

a  Find the mean and wariance of the milk content in this population of cartons.
A random sample of 3 cartons 15 taken from the shelves ( X, X, and X3

b List all the possible samples.

¢ Find the sampling distribution of the mean X

d  Find the sampling distribution of the mode A

e Find the sampling distribution of the median & of these samples.

Solution:
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Heinemann Solutionbank: Statistics 2

a

I 3 2
BE 9 4
» 06 |04

Mean = (3x06)+(2x04=18+08=26
Variance = (3x0.6) + (4 x 040 - 2.62=(5.4+ 1.6) - 6.76 = 0.24

b

T T e ey
bl b
2 D ) L)

C

[ e L BN
e e e
-
[0 e

o

(S RN}
et
e
b b

P(X =3)=06=0216

PR =2§)=(o_5x0_6x0_4) x3=0432

BT =2%)=(D.6x0.4x0.4) x3=0288

P(X =2)=04°=0.064
So the sampling distribution for X is:

[0 e

Lel Lk
e

X

3

2
2%

1
23

2

P(X)

0216

0432

0,288

0.064

d The mode canbe 2 or 2
PiM=3=0216+0432=06848
PM=2)=0288+ 0064 =0352

=0 the sampling distribution for the mode M s

M

2

2

P

0.648 | 0,352

The mediancanbe 3 {1e thecases (3,3, 3 {3, 3. 20 (3, 2,20 (2,3, 30
or 2 (1e the cases (3,2, 23 (2, 3, 20 (2, 2, 30 (2, 2, 20)

PIN=3=067 +3(06x06x04=0216+0432=048483
PIN=2)=047+3(06x04x04)=0064 40288 =0352

=o the sampling distribution for the median M is;

N

3

2

Pv)

0, 648

0.352
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Heinemann Solutionbank: Statistics 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 1

Question:

A doctor’s surgery is to offer health checks to all its patients over 63 In order to
estimate the amount of time needed to do these health checls the doctor decides to
de the health check for arandotm sample of 20 patients owver 63,

a  Write down a suitable sampling frame that the doctor might use.

b Tdentify the sampling units.

Solution:
a A list of all the patients on the surgery books

b A patient

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 2

Question:

The owners of a large gym wish to change the opening hours. They want to find out
whether the metmbers will be happy with the new hours. They ask a random sample
of 30 members.

a  Write two likely reasons why the owners did not ask all the members.
b Suggest a suitable sampling frame.
¢ Identify the sampling units
Solution:
a  ANY TWO FROM:
It would take too long.
It could cost too much
It could be difficult to get hold of all members.
A list of all members of the gym.

A member of the gym.

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Exercise C, Question 3

Question:

a  Write down areazon why a sampling frame and a population may not be the

same.
b Explain briefly why a sample iz often uzed rather than a census.

Solution:

a A sampling frame has to be some sort of list — it may not be possible to list a
population.
b A sample 15 usually easier to do, quicker to do and not as costly as a census.

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Exercise C, Question 4

Question:

a  Ezxplain what a statistic is.
A random sample 1,5,,..F, 13 taken from a pepulation with unknewn mean i,

b Foreach of the following state with a reason whether or not it 1z a statistic.
h+h+5
4

W it
M

Solution:

a A statistic 15 a quantity calculated solely from the observations of a sample.
b 1) 1z a statistic 1) 15 not a statistic as it depends on the value u.

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise C, Question 5

Question:

& company manufactures electric light bulbs, They wish to see how many hours the
light bulbs will worlk before failing. The company decides to test every 200th light
bulb coming off the assembly line.

a  Write down why the company does not test every light bulb,

b Tdentify the sampling units.

Solution:

a The light bulbs would all be destroyed.
b A lightbulb,

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Statistics 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 6

Question:

A call centre has 400 people operating the telephones. The manager decides that he

needs to know how long the operatives are spending on each call. He times a random

sample of 30 operators owver one day and wotles out the mean titne per call,

a  Write down two advantages of using a sample rather than a census in this case,

b Write down one disadvantage of using a sample in this case.

A sample 15 to be taken

¢ Suggestasampling frame.

d  Identify the sampling units

e Iz the mean time the manager works out from the sample a statistic? Give a
reason for your answer,

Solution:

a  ANY TWO FROM:
It iz quicker to do.
It iz cheaper to do.
It iz easier to do.
b Itcanbe biased OF it is subject to natural variations.
¢ A numbered list of all 400 call-centre operatives.
d 4 call-centre operative.

e Tes, because he 15 using only the values from a sample. There are no
paratneters.

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Statistics 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 7

Question:

A flewer chop has ten florists. The owner wants to know whether the florists are
happy with the quality of the flowers being delivered to the shop. The owner asks all
the florists their wiews Write down two reasons why the owner of the florist shop
USES A CENSUS.

Solution:

ANYT TWO FROM:

Tt takes inte account everyone’ s views.

It 1z unbiased

To take a sample when the population 15 only 10 would be silly.

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 8

Question:

The weights of totnatees in a greenhouse are assumed to have mean i and standard

deviation .
A sample of 20 tomatoes were each weighed and their weights were recorded. If the
sample 15 represented by X, &,..... &, state whether or not the following are

statistics.
A X +A,
3
p =X
20
c 3010 + i
2
d 2 — i
20
Solution:

a) and b) are statistics ¢ and d) are not statistics since they involve a population
parameter.

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Statistics 2

Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Exercise C, Question 9

Question:

A large box of coins contains 3p, 10, and 20p coins in the ratio 3:2:1.
a  Find the mean i and the variance & of the walue of the coins.

A random sample of 2 coins 13 taken from the box and their walues 1] and ¥, are

recorded.

b Listall the possible samples that can be taken,
¢ Find the sampling distribution for the mean (7).

Solution:

a

_ 3 2 1. 15
Mﬁan—(ﬂxg)—i-(mxg)-i-@ﬂxa)— -

20 20 _ 35

+2+ 2=

3 f 3

Variance:(zﬁxg;.ﬂmox §)+(400xé)—(9é)2

:E+@+@_3025_6?5

& & & a6 &

b (5,5 (10, 10y {20, 207
(5, 100 (10, 5% (5, 200 (20, 2)
{10, 20 (20, 10y
¢  FPoszible means are:
5, 10, 20,
7.5, 125, 15 These all occur twice

P =9= 3} =5 =
P(F=10)=2x2=2 ="
P(F =20)= éxéz%
P(?=?.5):gx§x2=%=%
P(?=12.5)=§xéx2=%=é
P(?=15}=§xéx2=%=%

_ 399 9547

36

=o the sampling distribution for the means 1s:

T s l7sl10]125]15] 20

1
9 36

(=Y

g 1 1
i 3|5

=

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Statistics 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 10

Question:

A bag contains a large number of counters

60% have a value of 6

A0%; have a value of 10,
A random sample of 3 counters iz drawn from the bag,
a  Write down all the possible samples.
b Find the sampling distribution for the median A
¢ Find the sampling distribution for the mode A

Solution:

a (6,6,6)
(6,6, 100 (6, 10, &) (10, &, &)
{6, 10, 100 {10, 6, 10y (10, 10, &)
{10, 10, 10y

b Medians canbe & or 10 If put in order 4 give a median of 10 and 4 give
a median of 6

216 432 _

RS 6)_( 1?3)+3(1E; )‘m 1000 W_UMS
P(W=10)= 3( xlz)+(%x%x%)=%+1§§D—m—0352
S0 distribution of median 1s:

N | 6 10

P(N) | 0.648 | 0352
¢ The mode 15 either 6 or 10
P(M=6}=(%x%x%}+3(lﬁu )_% &%=%=0.648
P(M=10)=3(%>< e %)+(%x%x%)=%+1§;} —m_wﬁz

S0 distribution of mode i3

M |6 10
P(M) | 0.648 | 0.352
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 1

Question:

a Describe what 15 meant by the expression “a statistical hypothesis’

b Describe the difference between the null hypothesis and the alternative
hypothesis.

¢ What symbols do we use to denote the null and alternative hypotheses?

Solution:

a This iz an assumption made about a population parateter that we test using evidence
from a sample.

b The null hypothesis 15 what we assume to be correct and the alternative hypothesis
1z what we conclude if our assumption 1z wrong,

¢  Mull Hypothesis = Hp  Alternative hypothesizs = Hy

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Statistics 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 2

Question:

Dimitri wants to see whether a die 15 biased towards the value 6.
He throws the die 60 times and counts the number of s1zes he gets.
a Describe the test statistic.

b Write down a suitable null hypothesis to test this die

¢ Write dowen a suitable alternative hypothesis to test thiz die.

Solution:

a The test statistic 15 M — the number of sixes.
1

h Hpp= E

1

‘mm L

c Hip z

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Statistics 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 3

Question:

=hell wants to test to see whether a coin 15 biased. She tosses the coin 100 times and
counts the number of times she gets a head.

a Describe the test statistic.

b Write down a suitable null hypothesis to test this coin.

¢ Write down a suitable alternative hypothesis to test this coin.

Solution:

a The test statistic iz AN —the number of times you get a head.
1
bh Huyp= 5

¢ Hip#s

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics

Exercise A, Question 4

Question:

Owver a long period of time it is found that the mean number of accidents. A,
occurring at a particular crossroads 15 4 per month MNew traffic lights are installed.
Jess decides to test to see whether the proportion of accidents has increased,
decreased or changed in any way.

a Describe the test statistic,

b Write down a suitable null hypothesis to test Jess’ theory.

¢ Write down three possible alternative hypotheses to test Jess” theory

Solution:

a The test statistic 15 the number of accidents (in a given month or other specified
time period).

h Ha A=4
¢ Change Hy: A #£4 (2 tail); or Decrease Hy: A <4 or Increase Hy: A = 4 (both one
tail).

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 5

Question:

In a survey it was found that 4 out of 10 people supported a certain particular
political party. Chang wishes to test whether or not there has been a change in the
proportion () of people supporting the party.

a Write down whether it would be best to use a one-tail test or a two-tail test.

Give a reason for your answer,

b Zuggest suitable hypotheses.

Solution:

a A two tail test would be best The support could get better or could get worse,
h Hpp=04
Hyi:p#£04

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 6

Question:

In a manufacturing process the proportion () of faulty articles has been found, from
long experience, to be 0.1,

The proportion of faulty articles in the first batch produced by a new process is
measured.

The proportion of faulty articles in this batch 15 0.0%.

The manufacturers wish to test at the 3% lewvel of significance whether or not there
has been a reduction in the proportion of faulty articles.

a Suggestazuitable test statistic,

b Suggest suitable hypotheses,

¢ Ezxplain the condition under which the null hypothesiz is rejected.

Solution:

a A suitable test statistic is p — the proportion of faulty articles in a batch

b Hypp=01 Hpp=01

¢ Ifthe probability of the propottion being 0.09 or less ig 3% or less the null hypothesis
1z rejected.

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 7

Question:

A spinner has 4 zides numbered 1, 2, 3 and 4. Hajdra thinks it iz biased to give a one
when spun. She sping 5 times and counts the number of times, A that she gets a 1.

a Describe the test statistics M

=he decides to do atest with a level of significance of 5%

b What values of M would cause the null hypothesiz to be rejected.

Solution:

a The test statistic 1z M — the number of times Hajdra getza 1.
b B35 025

AN 0 1 2 3 4 5
PN= ) [ 02570325 | 0.264 | 0.058 | 0.015 | 0.001]

There i a0.0154+ 0001 =0.016 = 1.6% chance of getting one 4 or 5 times,
There is a 0025+ 0,001 +0.0153=0.104 = 10.4% chance of getting one 3,4 or 3 times,

If A7 iz 4 or 5 then the null hypothesis would be rejected, since P(4 of more) = 1.6% < 2%
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file://C:\Users\Buba\kaz\ouba\s2_7 a_ 7.

Pagel of 1

3/18/201.



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
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Exercise B, Question 1

Question:

For each of the guestions 1 to 7 carry out the following tests using the hinomial
distrihution where the random variahle, X, represents the numher of successes.
Hy:p=025 H;: p=025 #=10,x=5 and using a % level of significance.

Solution:

Distribution B(10, 0.25)
Hy:p=025 Hy:p=025
PX=0=1-PX=4
=1-05219
=0.0781
00781 =005
There iz insufficient evidence to reject Hy.

© Pearson Education Ltd 2C
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Exercise B, Question 2

Question:

Hy:p=040.H;: p =040, »=10,x=1 and using a 5% level of significance.

Solution:

Distribution B{10, 0.407%
Hy:p=040 H;:p <040
P =1 =0.0464
00464 =005
There 1z sufficient evidence to reject Hyp so 2 <= 0.04.

© Pearson Education Ltd 2C
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Exercise B, Question 3

Question:

Hy p=030, Hy:p=030, »=20,x=10 and vsing a 5% level of significance.

Solution:

Distribution B{20, 0.307)
Hy:p=020 Hy:p=0230
PX=1=1-PX =%
=1-0.25520
=0.0430
0.0480 = 0.05
There 1z sufficient evidence to reject Hp so p = 0.30.
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Exercise B, Question 4

Question:

Hy p=045 H,: p <045, #=20,x=73 and using a 1% level of significance.

Solution:

Distribution B(20, 0.43)

Hy:p=045 H; p <045

B =3 =0.004%9

00049 =001

There iz sufficient evidence to reject Hy so p = 0,45,

© Pearson Education Ltd 2C
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Exercise B, Question 5

Question:

Hy p=050;, Hy: p£ 050, #=30,x=10 and using a 5% level of significance.

Solution:

Distribution B(30, 0.50}

Hy:p=030 H;  p=0350

P =100 =0.04%4

0.04534 = 0.025 {two-tailed)

There 15 insufficient evidence to reject Hp
so there 15 no reason to doubtp =05,
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Exercise B, Question 6

Question:

Hy:p=026, H: p <028, #»=20,x=2 and using a 5% level of significance.

Solution:

Distribution B{20, 0.28)
Hy:p=028 H) . p <028
PA=2)=PE=0M+PE=1+F=2)
=10.7220 + 20x0.721%x0.28 + 190x0.7218x(0 282
=0.0014 + 00108 +0.0403
=0.0526
0.0526 = 0.05
There 15 insufficient evidence to reject Hy
so there 12 no reason to doubtp =0 25,
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Exercise B, Question 7

Question:

Hy p=032, Hy:p=032, #=8,x=7 and using a 5% level of significance.

Solution:

Distribution B(8, 0.32)
Hy:p=032 Hy p=032
PA=2T=PE=N+PX=8
=8 x0.3227x0.68 + 0.3
=0.001% + 0.0001
=0.0020
00020 =005
There 15 sufficient evidence to reject Hy so p = 0.32.
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Exercise B, Question 8

Question:

For each of the questions 8 to 10 carry out the following tests using the Poisson
distribution where A represents its mean.

Hy A=8,H,;:A=8, x=3 and vsing a 3% level of significance.
Solution:
Distribution Pa(s)
Hp:4=8 H;:1<8
DX = 3)=0.0424
00424 = 0.05

There is sufficient evidence to reject Hyso 1 < &,

© Pearson Education Ltd 2C
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Exercise B, Question 9

Question:

Hy A=65H;: A <65, x=2 and using a 1% level of significance.

Solution:

Distribution Po(6.5)

Hop:d=65 H :1<65

PY=2)=00430

0.0420 > 0.01 {1% sig. level)

There iz insufficient evidence to reject Hp so there iz no reason to doubt 1 < 6.5
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Exercise B, Question 10

Question:

Hy A=55H;:A =55, x=18 and using a 5% level of significance.

Solution:

Distribution Po (5.3
Hyp:A=35 Hy:1=55
PX=8=1-PX=TN
=1-0.8085
=0.1505
01205 =005

There 1z insufficient evidence to reject Hp so there 13 no reason to doubt 1 > 5.5
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Exercise B, Question 11

Question:

The manufacturer of “Supergeld’ margarine claims that people prefer this to butter
Az part of an advertising campaign he asked 5 people to taste a sample of
"Supergold’ and a sample of butter and say which they prefer. Four people chose
"Supergold’. Assess the manufacturer’s claim in the light of this evidence. Tze a 5%
level of zignificance.

Solution:

Distribution B(S, 0.5)
Hy:p=025 Hy :p=03
PA=hH=1-PF=3
=1-08125
=0.1875
01875 =005
There 12 insufficient evidence to reject Hy (not significant).
There 15 insufficient evidence to suggest
that people prefer “Supergold’ to butter.
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Exercise B, Question 12

Question:

Ttossed a comn 20 times and obtained a head on & occasions. Is there evidence that
the coin 15 biased? Use a 2% two-tailed test.

Solution:

Distribution B(20, 0.50)

Hy:p=030 H; :p=050

PX=6)=00577

0.0577 = 0.025 {two tailed)

There 1z insufficient evidence to reject Hp 50 we conclude there 15 no evidence the coin 1s

brased.

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\s2_ 7 b 12.t 3/18/201.



Heinemann Solutionbank: Statistics 2

Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise B, Question 13

Question:

A die ueed in playing a board game i suspected of not giving the number & often
enough. During a particular game it was rolled 12 times and only one & appeared.
Dioes this represent significant evidence, at the 3% lewel of significance, that the

probability of a & on this die is less than é?

Solution:

Distribution B(12, 1)

Hyp= % H p=< %
PX=1=PE=0M+P=1)
1
-7 )
=0.3213
03813 =005

There 1z insufficient evidence to reject Hy (not significant).

There 1z no evidence that the probability 15 less than é
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Question:

The success rate of the standard treatment for patients suffering from a particular

skin disease 12 claimed to be 68%,

a Inasample of » patients, X 15 the number for which the treatment is successful.
Write down a suttable distribution to model & Give reasons for your choice of
model

A random sample of 10 patients receives the standard treatment and in only 3 cazes

was the treatment succeszful It iz thought that the standard treatment was not as

effective as 1t 15 claimed.

b Testthe claim at the 5% level of significance.

Solution:

a
Distribution B, 0.68)

Fized number of trials.

Outcotnes of trials are independent

There are two outcomes success and failure,
The probability of success 15 constant

b
Distribution B{10, 0.68)
Hy:p=068 H;:p<068
PA=3=PE=00+PEA=1+DPA=2+PF=2)
= 032104 1000 32P(0.68) + 45(0.320%(0.63)% + 120(0.32)7(0. 68
=0.0000+ 00002+ 00023 +0.0130
=0.0155
0.0155 =005
There 1z sufficient evidence to reject Hp so p = 0 68
The treatment 15 not as effective as 15 claimed.
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Question:

Every vear a statistics teacher takes her class out to observe the traffic passing the
school gates during a Tuesday lunch hour. Over the years she has established that the
average number of lotries passing the gates in a lunch hour 15 7.5 During the last 12
months a new bypass has been built and the number of lorries passing the school
gates in this yeatr's experiment was 4. Test, at the 3% level of significance, whether
of not the mean number of lotries passing the gates during a Tuesday lunch hour has
keen reduced

Solution:

Distribution Po(7.5)

Hyp:1=75 H; :4<75

PX=41=01321

0.1321 =005

There 1z insufficient evidence to reject Hy (not significant).

There 1z no evidence of a decrease in the number of lorries passing the gates in a lunch
hour.
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Exercise B, Question 16

Question:

Crver a long peried, John has found that the bus taking him to school arrives late on
average 9 times per month. In the month following the start of the new summer
schedule the bus arrives late 12 times. Assuming that the number of times the bus iz
late haz a Poisson distribution, test, at the 3% level of significance, whether the new
schedules have in fact increased the number of times on which the bus iz late, State
clearly your null and alternative hypotheses

Solution:
Distribution Po(9)

Hy:A=9 H A9
P8 =1=Dr=1))

=1-018758
=10.1242
01242 = 0.05

There 15 insufficient evidence to reject Hp (not significant).
There 15 no evidence that the new schedules have
increased the number of times the busg iz late.
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Exercise C, Question 1
Question:
For each of the questions 1 to 6 find the critical region for the test statistic X
representing the number of successes. Assume a hinomial distribution.
Hy:p=020; H;: p=> 020, =10 using a 5% level of significance.
Solution:
B(10, 0.2)
P4 =1-PX=3=1-03791=0120% =005
PA=0=1-PA=4)=1-09672=00328 < 0.05

The critical value 15 x = 5 and the critical region s X = 5
since PLA = 0 =0.0328 = 0.05,
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Exercise C, Question 2

Question:

Hy:p=015 H;: p <0.15; # =20, using a 5% level of significance.
Solution:

B(20, 0.15)

PX=1=01736 =005

PA=00= 00388 = 0.05

The critical value is x =0 and the critical region 1 X =0
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Exercise C, Question 3

Question:

Hy p=040. H;: p# 040, »=20, using a 5% level of significance (2.5% at
each tail).

Solution:

Ei20, 0.4)

PiX=41=00510>0025

PIX=3=00160=<0025

The critical value 1s x = 3
PiXz13)=1-PA=12=1-09730=00210 < 0.025
PiXz12)=1-PX=111=1-09435=00565 > 0025
The critical value 15 x =13

The critical region s & = 13 and X = 3.
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Exercise C, Question 4

Question:

Hy p=018, H;: p <0.18; # =20, using a 1% level of significance.

Solution:

B(20, 018}

PX=00=0824=00189 <0.05

PLX=1)=00189+20(0 82)17(0.18) = 0.0189 + 0.0829 =0.1018 = 0.05
The critical value is x = 0. The critical region 18 X =0,
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Exercise C, Question 5

Question:

Hy:p=063, H:p=>036; =10, using a 5% level of sigmficance.

Solution:

B(10, 0.63)
POX =10y = 0.6310 = 00098 < 0.05

POX = 9)=0.0098 + 10(0.63)° (0.37)=0.0675 = 0.05

The critical value 15 x = 10 and the critical region 15 &= 10.
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Exercise C, Question 6

Question:

Hy:p=022, H p£ 022, =10, using a 1% level of significance (0.003 at each
tail).

Solution:
B0, 0,22
PX=0y=07810=00834 = 0.005
PX=z6)=0010=0.005

PA="n=00016 <0005
Crticalregionis X = 7.
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Exercise C, Question 7

Question:

For each of the guestions 7 to 9 find the critical region for the test statistic X given
that X has a Po(%) distribution

H,:A=4, H;: A =4, using a 5% level of significance.

Solution:

Foid)
PX=81=1-PA=T7=1-0%483%=00511>0.05
PX=91=1-PA=3)=1-09%9736=00214 = 0.05
Crticalregionis X = 2.
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Exercise C, Question 8

Question:

Hy A=% H;:A <9 using a 1% level of significance.
Solution:

Po(9)

PX=2y=0.0062 <001

PX=3y=00212>001

Critical region 15 X = 2.
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Exercise C, Question 9

Question:

Hy:A=35,H;: A <35, using a 3% lewvel of significance.

Solution:

Po(3.3)
PY=0)=00302 =005
PXY=1)=01339>005
Critical region i X =10,
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Question:

A seed merchant usually kept her stock in carefully monitored conditions. After the
Christmas holidays one year she discovered that the monitoring system had broken
down and there was a danger that the seed might have been damaged by frost She
decided to checl: a sample of 10 zeeds to see if the proportion p that germinates had
keen reduced from the usual walue of 083, Find the critical region for a one-tailed
test using a 3% level of significance.

Solution:

H~B{10, 0,85 let ¥~ B(10, 0.15)

Hy:p=08> H;:p<083

PiA=6)=P(Fz 4)=1-P(F=2)=1-053300=0.0500=0.05

Critical region s £ = 6.
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Exercise C, Question 11

Question:

The national proportion of people experiencing complications after hawing a
patticular operation in hospitals 13 20%. A particular hospital decides to take a
sample of size 20 from their records.

a State all the possible numbers of patients with complications that would cauce
them to decide that their propottion of complications differs from the national
figure at the 3% level of significance ensuring that the probability in each tail is
as near to 2 5% as possible.

The hospital finds that out of 20 such operations, 8 of their patients experienced

complications.

b Find critical regions, at the 2% level of significance, to test whether or not their

propottion of complications differs from the national proportion The
probability in each tail should be as near 2.5% as possible,
¢ State the actual significance level of the abowve test

Solution:
X ~B{20, 020
a

Hy:p=020 Hy - p=020

PiA=11=006%2

PX=0y=00115

{0015 nearest to 0.025)

critical value =10

PAX=29=1-PX= &=1-02%00=00100
PIX=8)=1-FXF< N=1-0978=00321
critical value = 8 {0 0321 nearer to 0.025)
Crtical region & = 0 and & = 8.

b X==%1izin the critical region. There 1z encugh evidence to reject Hp.
The hospital’s propottion of complications differs firom the national figure.

¢ Actual sigmificance level 15 0.0115 40,0321 =0.0436
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Exercise C, Question 12

Question:

Ower a number of years the mean number of hurricanes experienced in a certain area
during the month of August 15 4. A& scientist suggests that, due to global warming,
the number of hurricanes will have increased, and proposes to do a hypothesis test
kazed on the number of hurricanes this year.
a Suggest suitable hypotheses for this test,
b Find to what lewel the number of hurricanes must increase for the null hypothesis

to be rejected at the 5% level of significance.
¢ The actual number of hurricanes this year was 8. What conclusion did the scientist

cotme to?

Solution:

Pod)

a Hpd=4H;:4 =4

h PA=8)=1-PX="7=1-0243%=00511>0.05
PX=9)=1-PX= 3)=1-09736=00214 < 0.05
Criticalregion1: X = 9.

¢ 818 not in the critical region. The scientist concluded
there was not encugh evidence to suggest an increase
it the number of hurricanes,
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Exercise C, Question 13

Question:

An estate agent usually sells properties at the rate of 10 per week.

During a recession, when money was less available, over an eight-week period he
sold 55 properties.

TTzing a suitable approximation test, at the 3% level of significance, whether or not
there is evidence that the weelly rate of sales decreased.

Solution:

Ho:Ad=10 H;:1<10

Let ¥=properties sold in 8 weeks

Tnder Hp ¥~ Po(B0)

P(Y =55 = P(W < 55.5) where W~ MNi{B0, 800

T 2{55.5—80]
J30

=1-P(Z <274

=1-10.9570

=0.0030

0.0030 = 0.05 Reject Ha,

There 1z evidence that the rate of weekly zales has decreased.
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Exercise C, Question 14

Question:

A manager thinks that 20% of hiz workforce are absent for at least one day each
month. He chooses 100 workers at random and finds that in the last month 2 had

been absent for at least one day.

Tsing a suitable approximation test, at the 5% lewel of significance, whether or not
this provides evidence that the percentage of worlcers that are absent for at least 1

day per month 15 less than 20%.

Solution:

B(100, 0.2)

Hy:p=02 H) p=02

FiX=2)=P(¥= 25 where ¥~ N 20,49
2.5—20]

N3

P(Y<25)=P [z::

=1-P{Z=47375)
=0.000 < 0.05
Eeject Hy

There 1z evidence that the percentage of wotlcers

who are absent for at least 1 day per month 12 less than 20%.
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Exercise D, Question 1

Question:

Mai commutes to work five days a week on a train. She does two journeys a day.
Cwer a long period of time she finds that the train iz late 20% of the time.

A new company takes over the train service Mat uses. Mai thinks that the service
will be late more often. In the first week of the new service the train iz late 3 titnes.
Tou may assume that the number of times the train is late in a week has a binomial
distribution,

Test, at the 3% lewel of significance, whether or not there is evidence that there iz an
increase in the number of times the train is late. State vour hypothesis clearly.

Solution:

H~B{10, 020

Hy:p=020 H :p=020

PiX==1-PXA =2 =1-06778=03222

02222 =005

There 15 insutficient evidence to reject Hp.

There 15 no evidence that the trains are late more often.
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Exercise D, Question 2

Question:

Crrer a long pertod of time it was observed that the mean number of lorries passing a
hospital was 7.5 every 10 minutes.

A new by-pass was built that aveided the hospital. In a survey after the by-pass was
opened, it was found that in one particular week the mean number of lorries passing
the hospital was 4 every 10 minutes. It iz decided that a significance test will be done
to test whether or not the mean number of lorries passing the hospital has changed.

State whether a one- or two-tailed test will be needed. Give areason for your

a
ANSWEL.
b Write down the name of the distribution that will be tested. Give areason for
yvour choice.
¢ Carry outthe significance test at the 3% level of significance.
Solution:
a A two-tail test will be needed. We are looking to see
if the number of lorries has changed
b X~ Pol7 2 Lorries arrive independent of each other, singly and at a constant rate.
¢ Hp:A=75 Hy:1=75

PlA=4=01321

0.1321 = 0.025

There iz insufficient evidence to reject Hy,

There iz no evidence that the rate at which lorries pass the hospital has changed.
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Exercise D, Question 3

Question:

& marketing company claims that Chestly cheddar cheese tastes better than
Cumnauld cheddar cheese.

Five people chosen at random as they entered a supermarket were asked to say
which they preferred. Four people preferred Chestly cheddar cheese.

Test, at the 2% level of significance, whether or not the company s claim is true.
state vour hypothesis clearly.

Solution:

A~ B(5, 0.50%

Hy:p=030 H :p=0350
PXz4=1-PX=3) =1-08125=01873
01875 =005

There 1z insufficient evidence to reject Hp. There 15 insufficient evidence that the
company s claim 15 true.
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Question:

In 2006 and 2007 much of Greebe suffered earth tremors at arate of 5 per month.

A survey was done in the first two months of 2008 and 13 tremors were recorded.
Stating vour hypothesis clearly test, at the 10% level of significance, whether or not
there 15 evidence to suggest the rate of earth tremors has increased.

Solution:

X~ FPolll

Hy:4=10 H;:1=10

PX=13=1-PH=12) =1-07216=02024

02084 =0.10

There is insufficient evidence to reject Hp,

There 15 no evidence that the rate of tremors has increased.
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Exercise D, Question 5

Question:

Historical information finds that nationally 30% of cars fail a brake test

a (ive a reason to support the use of a binomial distribution as a suitable model
for the number of cars failing a brake teat.

b Find the probability that, of 5 cars taking the test, all of them pass the brake test

A garage decides to conduct a survey of their cars. A randomly selected sample of
10 of their cars iz tested. Two of them fail the test.

¢ Test, at the 3% level of significance, whether or not there iz evidence to support
the suggestion that cars in this garage fail less than the national average.

Solution:

a Fized number; independent trials; two outcomes (pass or fail);
p constant for each car

h X~B({5 030
P(all pass) =0.70% = 0.16807
c K~B(10, 03
Hy:p=030 H;:p=<0230
Pl =21=03328
0.3828 = 0.05

There 15 insufficient evidence to reject Hy. There 15 no evidence
that the garage fails fewer than the national average.
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Exercise D, Question 6

Question:

a Ezplain what vou understand by an hypothesis test.
During a garden fete cups of tea are thought to be sold at a rate of 2 every minute.
To test this, the number of cups of tea sold during a random 30-minute interval 1z

recorded,
b State one reason why the sale of cups of tea can be modelled by a Poisson
distribution,

¢ Find the critical region for a two-tailed hypothesis that the number of cups of tea
sold occurs at arate of 2 every minute. The probability in each tail should be as
cloze to 2 5% as possible.

d  Write down the actual significance level of the abowe test

Solution:

a A hypothesiz test about a population parameter Jtests a null hypothesiz Hy which
specifies a particular value for & against an alternative hypothesis Hy which is that
Fhas increased, decreased or changed.

H; wrll indicate if the test 15 one-or two-tailed.
b Toucan count the number of cups of tea that were served in a given

time interval (20 minutes). (Y ou cannot count the number of of cups that were »oe
served.

c X~Told)
Hy:A=2 H;y:1=2
PA=0=01353>0025
Mo lower critical value
PX=0=1-PK=4) =1-09%73=00527
PX=81=1-PK¥=5 =1-0%534=00166
Crntical value x = 6 since 0.0166 1z cloger to 0.025
Critical region 15 X = 6.

d Actual level of significance = 0.0166
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Question:

The probability that Jacinth manages to hit a coconut on the coconut shy at a fair 1z
0.4, She decides to practise at home. After practising she thinks that the practizing

has helped her to improve. After practising Jacinth 15 going to the fair and will have
20 throws,

a Find the critical region for an hypothesis test at the 3% level of zsignificance.
After practizing, Jacinth hitz the coconut 11 times,

b Determine whether or not there 1z evidence that practizing has helped Jacinth
improve. State your hypothesis clearly.

Solution:

a X~B(20, 04
Hy:p=040 H;:p =040
PX=12=1-PX =110 =1-09435=0.055 > 0.05
PX=z13=1-PX=12) =1-09720=0.0210=0.05
Critical region 1z X = 13

b Hp:p=040 H;:p=040
111z not in the critical region.

There 15 insufficient evidence to reject Hp. There 15 no evidence that practice has
improved Jacinth’s throwing
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Exercise D, Question 8

Question:

The proportion of defective articles in a certain manufacturing process has been
found from long experience to be 0.1

A random sample of 50 articles was taken in order to monitor the production. The
number of defective articles was recorded.

a Using a 2% level of significance, find the critical regions for a two-tailed test of

the hypothesis that 1 in 10 articles has a defect. The probability in each tail
should be as near 2.3% as possible,

b State the actual significance level of the abowve test.

Another zample of 20 articles was taleen at a later date. Four articles were found to

be defective.

¢  Testat the 10% significance level, whether or not there 1z ewvidence that the
proportion of defective articles has increased. State your hypothesiz clearly.

Solution:

a X~B0 0.1
Hy:p=010 H;:p=0.10
PA=1=003238
PX=0=010052
Critical value x =1 {00238 nearer to 0.023)
PXz9=1-PX=8 =1-09421=00379
PAX=1=1-PX =% =1-09755=00245
Critical value x = 10
Crticalregion X = 1 and X = 10.

b Actual significance lewel = 0.0338 + 00245 = 0.0583

c B20,01
Hy:p=01 H;:p=01
PX=4H=1-PX=3
=1-0.8670
=0.133
0133 =01

Arccept Hy. There s no ewvidence that the proportion of defective articles has increased.
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Question:

It 1z claimed that 50% of women use Oriels powder. In a random survey of 20
women 12 said they did not use Oriels powder.

Test at the 5% significance level, whether or notthere 15 evidence that the proportion
of wotnen using Oriels powder 13 0.5, State yvour hypothesis carefully.

Solution:

K~B(20,0.5)

Hy:p=030 H :p=0350

& uzed Oriels poweder,

PlX=8=02517

0.2517 = 0.025

There 1z insufficient ewvidence to reject Hy.
There 12 no evidence that the claim 12 wrong
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Exercise D, Question 10

Question:

A large caravan company hires caravans out for a week at a time. During winter the

mean number of caravans hired 13 & per week.

a Calculate the probability that in one particular weelt in winter the comp any will
hire cut exactly 4 caravans.

The company decides to reduce prices in winter and do extra advertising. This

results in the mean number of caravans being hired outrising to 11 per week,

b Test, at the 2% significance level, whether or not the proportion of caravans
hired out has increased. State your hypothesis clearly.

Solution:

a A~ FPol(f)
PA=4=PA=dH-PA=3=02851-01512=0.1329

b Hp:i=6 H;:1=6
PX=110=1-PX=10h=1-05574=00426
0.0426 < 0.05

There 1z sufficient evidence to reject Hy.

There 1z evidence that the rate of hiring caravans has increased.

© Pearson Education Ltd 2C
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Exercise D, Question 11

Question:

The manager of a superstore thinks that the probability of a person buying a certain

make of computer 15 only 0.2,

To test whether this hypothesis 15 true the manager decides to record the make of

computer bought by a random sample of 30 people who bought a computer.

a Find the critical region that would enable the manager to test whether or not
there iz evidence that the prob ability i different from 0.2, The probability of
each tail should be as closge to 2.5% as possible

b Write dowen the significance level of this test.

13 people buy that certain malke.

¢ Carry outthe significance test State yvour hypothesis clearly.

Solution:

A-B(0, 02

a PY=4=00185 (closer to 0.025)
X =5 =00480
c1=4
PX=160=1-PX=151=1-096592=0.0308
PX=1T=1-PX=161=1-09856=0.0144
oz = 16 (00308 nearer to 002507
Critical region 15 ¥ =4 and &= 16,

b Actual significance lewel = 00185+ 00308 =0.0493
c Hy:p=02 H :p=02

1313 not in the critical region.

There 1z insufficient evidence to reject Hy.

There iz no evidence to suggest that the propottion of people
buying that certain make of computer differs from 0.2,

© Pearson Education Ltd 2C
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Exercise D, Question 12

Question:

At one stage of a water treatment process the number of particles of foreign matter
per litre present in the water has a Potsson distribution with mean 10, The water then
enters a filtration bed which should extract 72% of foreign matter,

The manager of the treatment works orders a study into the effectiveness of this
filtration bed. Twenty samples, each of 1 litre, are taken from the water and é4
patticles of foreign matter are found.

Tsing a suttable approximation test, at the 5% level of significance, whether or not
there 1s ewvidence that the filter bed 1z failing to work properly.

Solution:

Po(50) since 1f 75% removed then A=20x(0.25x 10)
Hop:A=350 H;:4=30
PX = 6d) e P(Y > 63.5) where ¥~ N30, 50}
[ 63.5—50]
mPl2r—————

50

=1-05718

=0.0282

0.0281 =< 0.05 Eeject Ho

There 1z evidence that the filter bed 15 failing to work properly.
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Exercise D, Question 13

Question:

A shop finds that it sells jars of onion marmalade at the rate of 10 per week. During a
telewizsion cookery program, onion marmalade 15 uzed in a recipe.

Crrer the next six weeks the shop sells 84 jars of onion marmalade. Using a suitable
approximation test at the 5% significance lewel whether or not there 1z evidence that
the rate of sales after the television program has increased as a result of the televizsion
progra.

Solution:

Po (60)
Hy:A=60 H 4> 60
PLX = 84) = P(F 283.5) where ¥~ (60, 60)

HP[Z}BB.S—&]]

J60

=1-0593%9

=0.0011

00011 = 0.05 Reject Ha.

There 15 evidence that the rate of sales of onion marmalade
haz increased after the program.
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Exercise D, Question 14

Question:

A manufacturer produces large quantities of patterned plates. Tt 15 known from
previous records that 6% of the plates will be seconds because of flaws in the
patterns.

To verify that the production process 13 not getting worse the manager takes a
sample of 150 plates and finds that 15 have flaws in their patterns. Use a suitable
approzimation to test, at the 5% significance level, whether or not the process 13
getting worse.

Solution:
E(150, 0.08)
Hy:p=00& H . p=006
#ig large (1500, p 1z small (0.06)

so a Poisson approzmimation should be used

A=wnp=150x006=5

e Fo (9

Tppertall PLY = 12 =1— PLY =14)
=1— 09585
=0.0415 =005

Eeject Hy.

There 1z evidence that the process 18 getting worse.
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Exercise D, Question 15

Question:

Tack grows apples Ower a pertod of time he finds that the probability of an apple
keing below the size required by a supermarket 15 0.45

He has recently set another orchard using a different variety of apple. & sample of
200 of this new type of apple had 60 rejected as being undersize.

Tze a suitable approximation to test, at the 5% significance level, whether or not the
new variety of apple is better than the old type of apple.

Solution:

B(200, 0.45
Hy:p=045 Hy :p=<045
PiX =6 =D(F = 60.5) where ¥~ A90, 49.5)
_ s 60.5—90]
F [Z 9.5
=P {(Z=-41%
=0.0000 =005
Eeject Hp.

The new wariety 15 better.
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Review Exercise
Exercise A, Question 1

Question:

It 1z estimated that 4% of people have green eves. In a random sample of size &, the
expected number of people with green eves 15 3.

a Calculate the value of &

The expected number of people with green eves in a second random sample 15 3,

b Find the standard deviation of the number of people with green eves in this

second sample. E
Solution:
v A 15 the random wariable ‘number of
a X ~B(» 004 people who have green eyes’.
A

T

A 15 binemial, as there 15 clear
“success’ (p=0.04) ie. aperzon has

Sreen eyes of not.

Take sample size # from the question

ElX) = ap
004n -«

LA
Il

TTse the expectation of a binomial

a = 125 \ distribution to form an equation.

=olve the equation.

b
ElA) =i 3
np = 3 - This 15 a second random sample
Sfsdardederiation = ilnpg so xp s different from part a.
= 200 The binomial distribution has a
= f2.88 formula for the variance, #pg, so
= 170 square root this.

g=1-p and wp =23

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 2

Question:

In a manufacturing process, 2% of the articles produced are defective. A batch of 200

atticles is zelected.

a Giving ajustification for your choice, use a suitable approzimation to estimate the
probability that there are exactly 5 defective articles,

b Estimate the probability there are less than 5 defective articles, E

Solution:

A 15 random variable number of

—
a X ~B(200 002 defective articles.

T & "

A1z binotmial as there 15 “success
{article iz defective) and failure
{article iz not defective).

#1s large, p 1s small, and #p =4 z0
uge Polzson approximation,

Kz approzimately poisson, A=4

-4 45
LA =ah = : 5||4 * Tze the formula for Poisson
' probability. Yeu can alse use tables:
= 01563 PIX <5 -PIX <4
which gives the zame answer,
h 4
P(X <5 = P(X<d ‘Less than 57 does #of include 5

A can only take discrete values and

0.6288 tables inciude the value you look up.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 3

Question:

A continuous random variable X has probability density function

kfdr—x1, 0= x=2,
Fix)=

0, otherwi se,

where k& 15 a positive constant.

a

Show that k = % .

Find

h

Lo T - I = T |

ECAD,
the mode of X,

the median of X

Comiment on the skewness of the distribution.

=ketch fix).

Solution:
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2
J’U Ke(dx— x7)dx

pi:|:2x2 —lx4 i|2
47 Iy

L]

+—— Integratingap.d.f over anpossible

values of x gives 1. Here x=10 to
x=2.

k-4 =1

L

Malee sure you integrate properly!

E(&)

[1 3
e

la
15

Atmode, £'{x)
4-3;"

x

d At median s

_[ Fér-r)
1 2 1 4
E(2m —zm)

' — Bt 43

=l

jgxx%@x—f)dx‘_____ﬁ_- @
0 The expectation 15 fo(x)dx.

Lux?]:\

2

“< Integrate carefully and substitute

+————| The moede is the value of x at the

0
0

2 point of the graph.
7

23
2

1.15(35.£)

1
Z
L
)
]

Substitute the limits and take care
with the arithmetic here too.

‘—-_-_“_‘_‘_‘_‘_‘—-—

- ; g Hliay
Exzpanding gnresjD (x —gx Jdx

the limits.

mazximum of f{z), 1e. the highest

f(x) = F@z-7)
f'x) = %(4_3;8)
Zolving gives a surd which 1s 1.15
3sf)
Fim)= % 30 integrate f{x).

Integrate carefully and substitute .

\ Bottom limit is 0.
4+2./2

1.08

L 2
Form a quadratic in #° and solve

—bt B dac

using x=
e

e mean(1.07) < median(1.08) <mode(1.15)

= negative skew

fx)

Ee careful as the graph is
negatively skewed, but the
mean, median and mode are
closze to each other.

Eemember to add the
regions x< 0 and x5 2 to
your sketch
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 4

Question:

A fair coin 1z tossed 4 times.

Find the probability that

a anequal number of heads and tails occur,
b allthe cutcomes are the same,

¢ the first tail cccurs on the third throw. Fy
Solution:
a Let X be the random wariable
‘th [s] fheads™
Xirgal, gg; Facs | Binomual distribution with number

of tosses, =4 and "success’ 13
head, “failure’ 15 tail.

P(X=2) (05 e

i 052w 52 Tze the formula for the probability
121

212 of a binomial distribution.
= 0_3?5\

41 4x3IxIxl
2121 (2xDx(2x1)

b PIX=4) or P(X=0)

+ ‘Chutcomes are the same’
HHHHi1e X =4
TTTT1e X =10

= 2x0.5

= 0,125 ‘\

PHHHH) = 0.5
PIITTE: = 05

‘of " means add them.

‘The first tail occurs on the third
throw™ means the first two

FHHET) = 05 %

outcomes must be heads so no C}
0.125

required.
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 5

Question:

Accidents on a patticular stretch of motorway occur at an average rate of 1.3 per

week.

a ‘Write down a sutable model to represent the number of accidents per week on
this stretch of motorwazy.

Find the probability that

b there will be 2 accidents in the same weel,

¢ there 13 at least one accident per week for 3 consecutive weeks,

d there are more than 4 accidents in a two-weel period. E

Solution:

a Let.5be the random variable,

‘the number ofaccjdents per weekl “Rate’ used in the question
& ~ Po(1.5) K indicates this is a Poisson model.
h
Pir—o — g5 This 15 the formula for a Poisson
(L=2) = 5 H‘——\_‘x_ probability. You can also use tables
- 02510 to calculate
' PEX=2-P(¥=1.
= 0.2513:1)
c
PXZ1) = 1-FA=0) ‘At least one’ so we want *greater
T = et than or equal to 17,
= 07769
A =01z the only unknown not
P (at least one accident per weelk for 3 weeks) feduized
= 07769 <
_ We want first week and second
= 04083 weelt and third weel
= 0463(3:£)
d & -~TPo(®)
PlX=4 = 1-P(X¥=4
( ) =4 ‘—-———.,______‘_‘___ ‘More than 4’ so 4 not included 1n
= 1-08153

the answer.

= 0.1847
= 0.185(3;N Use tables to find P(X £4) and

subtract from 1.

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\s2 _revl a 5.|

Pagel of 1

3/18/201.



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 6

Question:

The randomn wvariable X ~B(150,002). TTze a suitable approximation to estimate
PE=T E

Solution:

715 large, p 15 small.
X ~TPo(3) = ap=150x002=3

souse Poisson approximation.

Pl =7

1-P(X <7

= 40 ‘\ Tse tables to look up P{X =7 and

0.0118(3s.£) subtract from 1.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 7

Question:

A continuous random variable X has probability density function fix) where,

kxlx—2), 2=x23,
bx) = .

0, otherwise,
where & 15 a positive constant.
a chow that & =%.

Find
b ELX),

¢ the cumulative distribution function F(x).

d Show that the median value of X lies between 2.70 and 2.75. Fy

Solution:
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a
3 3
iy = -+ =
[t —2)ax 1 Lf(x) 1
13 2T
k[—x —-x ] =1 — ]
3 2 Fix)=k(x®— 22) then integrate.
k[(9—9)—(§—4ﬂ =1
«—— 0| Don'tforget to substitute the bottom
k(g} = 1 limnit and subtract.
ko= 2
b
3
E(x) = J%xz(x—@dx | Use E(X) = [af (x)dx.
2
3 1 5T
= [Ex*—jxi e, AR
- 3 4 1 a3 4 1 3
= (EX3 5><33J (Exz szj . —
1 Substitute the upper limit, 3,
= 2@ or 2.6875 and subtract the substitution
of the lower limit, 2.
This iz the exact answer.
c
¥ Tze a vartable upper limit with |£{£)ds.
Fix) = I %(32—23)-:%. . ] J
2

F(x)={3(x’ =32 +4) 2<x<3 +—of

Don't forget lower limit of 2.

1 X

Display vour answer carefully and don't
forget F{x)=0 and f(x)=1.

d LockatEFix).

F(270) = 0453
F(2.75)

0.5 lies

so m lies between 270 and 2.75 = i
F(2.75).

0.5z7

- Flw)=075 1s in between these.

between F(2.700 and F{2.73)

C

Be careful to write your answer

learly and do not get confused
etween 2.70 and F(2.700 or 2.75 and

Alternative method

1 k 2 o
E(M — 3 +4)_§

w =t 2 =10

r =

=

1——___1‘___\

Tse your answer to ¢. The median,

w2, 13 where Fiam) = %

'\

2.75,x° = 3% +2=0.109315= 0

Thiz iz a cubic, so it will be difficult
to solve. You use the values given in
the question and show that the left
hand side changes sign.

270, x° -3 +2=-0187<0

Eootbetween 270 and 275 = m
between 2.70 and 2.75 since the cubic changes sign.
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Review Exercise
Exercise A, Question 8

Question:

The probability of a bolt being faulty 15 0.3 Find the probability that in a random

sample of 20 bolts there are
a exactly 2 faulty bolts,
b tmore than 3 faulty bolts.

These bolts are seld inbags of 200 John buys 10 bags,
¢ Find the probability that exactly & of these bags contain more than 3 faulty

baolts. Fo

Solution:

a LetX be the random vanable
‘the number of faulty bolts’.

‘Success” 15 faulty’. X iz binomial
with # =20 bolts and probability of

X ~B(20,0.3) <

P(X=2) ﬂ(o.zﬁo.?ﬁ

- 3]8[;;8 substitute into the formula for
o binomial probability, don't forget

can 201

STIET
Tou can use tables instead:
PA<2)—P(X <) = 00355—-00076

P(X>3 = 1-P(X¥<3)
= 1-0.1071
= 0.8929

¢ P {exactly & of these bags contain more

than 2 faulty bolts) -—

101 ; :
~(0.8929Y%¢0.1071
4!6!( b )

© Pearson Education Ltd 2C

afaulty bolt, p =03,

= 0079

Tse tables for this as you would need to use
the formula 4 times to work out
1- P =D+P X =4+ =1D+DP(X =00

and you are more likely to make a mistake.

Llore than 3 faulty bolts in a bag of 20 15 the
atiswet to b

10 bags bought so #=10.

0.0140 \ Answerto bizp.

=0 we are finding
P{X =¢) where X ~B({10, 23 .

101 _10%9XBRTK 6% 5K 4% 3K 2X1
4161 @ER3IX R (ERIRARIR 2K
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Review Exercise
Exercise A, Question 9

Question:

a &tate two conditions under which a Poisson distribution iz a suitable model to use
in statiztical worle
The number of cars passing an observation point in a 10-minute interval iz modelled
by a Poizson distribution with mean 1.
b Find the probability that in a randomly chozen 60-minute period there will be
1 exactly 4 cars passing the observation point,
1 atleast O cars passing the observation point.
The number of other wehicles, {1.e. other than cars), passing the observation point
in a &0-minute interval is modelled by a Poisson distribution with mean 12,
¢ Find the probability that exactly 1 wehicle, of any type, passes the obzervation
point in a 10-minute period, E

Solution:
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a Ewents ccour at a constant rate.
Events cccur independently of randomly,
Events occur singly.

There 1z no context stated in a, but Poisson
requites an event to ocour,

b Let Xbe the random variable “the number _
of cars passing the point’ For 10 minutes, 4 =1

i X ~TPolb) < For 60 minutes, A =6
a suggests this is Foisson with A =6,

P(X=4) = e 6! Thiz iz solwed using the formula, but
4l | voucan use tables and find

= 01339 PE=4-PH=3=02851-01512.
= 0.134(3:1)

];)(X:Eﬁ) = 1-P(X <4 Ay lea.stl 5 means nclude 5 in your

probability.
= 1-0.2851
o1 \ Use tables here as otherwise the formula
= 0715(3:1) needs to be used 5 times.
c Forcar, A =1

o= 142=3 g | Forothers, A =2 in 10 minutes

Dl =1) = 3=
= 0.14% \ X =115"1 wvehicle of any type’.

Alternative method

For “other’
&0-tinute interval A =12
10-minute interval A =2

? ? Forcar, A=1

P(lcar and 0 other) + P(0Dcarand1 other)

=lelxe™ + gl e 4——r

0.3679x 013534036792 0.2707
0.14%

L ‘and’ means “multiply’

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 10

Question:

The continuous random variable ¥ has cumulative distribution function F(y) given by

0, y=<l,
FEOy=4kiyt 43 -2, 1=y=2,
1, ¥ 2

a Showthatk=%.
h Find P(Y =15},

¢ specify fully the probability density function 37, K
Solution:
a
Fiay = 1 Fiy) iz the cumulative
o L) T | distribution function, so F(2) 12
19k = - found and equated to 1, the total
probability.
ko= L
1%
b
PYr=13 = 1-PFFr=153
= 1-F(13)
- 11 4 3
=1 E(1.5 +1.5° =2}
= D.?Ui[or&]
288
c
F) = dF() P Di(:;ff;rentiate the c.d.f. to get the
& p.df
Aol i oodtend
= —|=0"+y" -2
Y 18@ ¥ }}
_ 1 3
= g+
= @ +m1gy<2
0, otherwise set out f) clearly and don't
fy) = * forget £{y1=0.
Ly +y), 1sy<2 S

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 11

Question:

The continucus random variable X has probability density function f{x) given by

2(x—2), 2=x=3,
£{x)= _
0, otherw se.
a Zsketch fix) for all values of x.
b Write down the mode of X
Find

c E(X),
d the median of X

e Comment on the skewness of thiz distribution. Give areason for your answer. £

Solution:
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t{xy=2(x—2) 1z a straight line.

) PRI PR Malce it clear that the maximum

height 1z fix) =2

&

l Don'tforget x> 3 and x = 2.

This 15 the walue of x where f(x)
iz at itz greate st value,

b Mode of X1z 3.

F

3 3
¢ E(x) = [oxx-2dx Tse sz(x}dx.
3
= {E_gxﬂ}
) 2 Integrate  after  expanding to
- 2% 2 2x% —4x.
d
|, 26x-2)dx = 05 F(m)=05 for median,

4Dt = 05
wme—dm+d = 05

2w —Zm+7 = 0
Solve using quadratic formula
Bt6d—356

H = * —b b —dac

4 x=2— and cancel by 2.

442 ¢

m Lar

2
wm o= 27N ———— Ignore e =1.2% as outs the

2ExxE3

e Megative skew _ 5
mean(2.6) < median(2.71) < mode(3) +——— E(x) is the mean, 25

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 12

Question:

An engineering company manufactures an electronic component. At the end of the
manufacturing process, each component is checked to zee if it iz faulty,

Faulty components are detected at arate of 1.5 per hour,

a Suggest a suitable model for the number of faulty components detected per hour
h  Describe, in the context of this question, two assumptions ¥ou hawve made in part a

for this model to be suitable.

¢ Find the probability of 2 faulty compoenents being detected in a 1-hour period
d Find the probability of at least one faulty component being detected in a 3—hour

period. E

Solution:

a Letx bethe random vanable ‘number of
faulty components detected’

X ~Po(l.5)

b Fawuliy components occur at a constant rate.

Fauliy components ocour independently  +——

and randomly.
Faulfy components occur singly.

context of faulty components.

Make sure wou write about the

E.'_l'jli].5:|2
21
= 0251

¢ PX=2)

TIze the formula for the probability of
a Potzson distribution with A =15,
Tou could alse use tables and

P(X=2)-P(X<1).

d X ~Pod5)

~
-

Three-hour period, 50 A =3x1.5=45

P(Xz1) = 1-P(X=0)

4.5

‘AL least 17 so 1 15 included in the
probability.

= l—e”

= [958

TTze formula for Foisson.

= (0.989(3:s.5)

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 13

Question:

a Write down the conditions under which the Poisson distribution may be used as

an approximation to the binomial distribution

4 call centre routes incoming telephone calls to agents who have specialist
knowledge to deal with the call. The probability of the caller being connected to the

wrong agent 15 0.01,

b Find the probability that 2 consecutive calls will be connected to the wrong agent.
¢ Find the probability that more than 1 call in 5 consecutive calls are connected to

the wrong agent.
The call centre receives 1000 calls each day.

d Find the mean and variance of the number of wrongly connected calls.
e TJse a Poizson approximation to find, to 3 decimal places, the probability that
tore than 6 calls each day are connected to the wrong agent. E

Solution:

a If X~EBxp) and

x 1z large
P is small
then X can be approzimated by Polup).
h
P(2 censecutive calls) = 0.07°
= 0.0001

¢ X~B(5001) <

1—-P(X =1)—P(X =0)

“Success’ iz ‘connected to wrong
agent’ number of trials, =5

P(X>1)

1=5(0.013(0.99)* —(0.99)°
= 0.00098

‘More than 17 means 1 1z not
included in the probability.

d X ~B(1000,001) <

#=1000 calls per day p=0.01

probability of a wrongly connected
call

i ean = xp=10
. \ TTse formulae for mean and wariance
vartance = ap(l—p)=919

*—— | ofbinomial distribution.

‘—__‘_“'——RR___ #p =10 from d.

e X ~Pofl0)

P(X:=g) = 1-P(X<6)
= 1-0.1301
= 0.8699
= 0.870(3sf)

© Pearson Education Ltd 2C

‘More than & means & 13 not
ncluded.

Look up & in Poisson tables with
A =10 and subtract from 1.
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Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 14

Question:

The continuous random variable X has probability density function given by
1

—x, 0=x=3

1
fixy= E—Ex, 3= xad,

0, otherwise.

=ketch the probability density function of X
Find the mode of X
specify fully the cumulative distribution function of X

Tsing wour answer to part ¢, find the median of X i

=PRI — -]

Solution:
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Make sure you draw each part as a

flx) & straight line.

l—x has posttive gradient

A
¥ ,"j.\\_

1 . .
2 —Ex haz negative gradient

4
I I Don't forget x =0
x =4

Mode iz the value of x at the highest
point of £x) on the sketch,

b Modeis x=3.

&

F(x) = Jéﬁdz=%x2,0¢x£3 | Jf@&dt upto x=3
0
i 1 g
F = J 2——i d.t+J & ds
) 3 ( 4 ) o Don't forget the area between x=10
1 1 2 1 2 and x=3.
= (2x—3x2)—(2><3—35<3)+ﬁ><3
= 2x-3# -3, 3<x<4
0 x=0
%x De:xg_:\ Don't forget the ends of the c.d.£
Fixi= P
2x—zx —3 Z=x<4
1 r=4
d
Fiw) = 0.5 < Wedian 1z “half-way’.
L = 05 " _
12 + F(% =7, 50mis between 0 and =5
m = f6=245

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 15

Question:

The randotm variable J has a Poizson distribution with mean 4.

a Find P(J7=10)

The random variable X haz a binomial distribution with parameters # =25, p =027
b Find P(E =1}

Solution:
a
P/>10) = 1-PJ<9) «—— | J~Fold)
= 1-0.9%1%
= 0.0081 '\ WValue from tables #=10,1 =4
b PE<l) = PIE=04+PE=1) —— K ~B25 020

= (0739% 425073 (0.27)

0.00392 \Use formula for binomial

probability.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 16

Question:

The continuous random variable X has cumulative distribution function
0, x =10,
Fix)=<2x—x°, 0£zx=1,
1, x=1
Find P{X =073,
Werify that the median value of X lies between x =032 and x =040,

Find the probability density function f{x)
Evaluate ECY).

Find the mode of X

Comment on the skewness of X

Justify your answer.

Lo T - = PR o T — - 1]

Solution:
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a
Eemember to “one minug’ as we want
FY=03 = 1-F03) == | ¥apgz
= 1-2x03*-0.3
= 0847
h
F(0.55) = 04308 <05 | “Werif¥’ so write your answer clearly
Foamy = 05040=05
0.5 lies between F(0.5%) and F (0.60)
so median lies between 059 and 060
c
dF(x) Differentiate c.d.f to find p.d £
fix)y = . | Difterentiate c.d.f to lind p.d.L
d . 2
e st
dx( x J
fix) = 4z—32",0<x<]
f(x) = 0,otherwise — | BEemember x =0 and x=1.
dx—3x" 0<=zx=l
=1 =T
0 otherwise
d
1
E(X) = jnxf(x)dx
1
= jn (4x - 3x%) dx
_ 4.7:3 3x4 )
LS AN — ) :
. ) 4+ | Bottom limit substitutes to give 0.
~ §gel 0,083
&
g s ey Eamasash wt )
—6x+4 = 0
For mode 7 ; Mode occurs at mamimum value of
X = TOI' 0.6 df(x}

f mean{0.583) < median(0.59— 0.6) < mode(0.6)

so negative skew

© Pearson Education Ltd 2C

F(x) where =0.
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2 Review Exercise
Exercise A, Question 1

Question:

The random variable & 15 uniformly distributed owver the interval [—1, 2].
a 3Sketch the probability denzity function, f{x), of &

Find
b ECY),
c  Var(X),
d P—03<X% =33 E
Solution:
a
£(x) — T8
flx)=——=—
1 541 6
. for —-1=2x=5
Label the key walues
x=-1,x=5 and f(le:é.
— . [ -
-1 ] =} X
T T Don't forget x =5 and
r=—1
b
E(Xy = —143=20r
E(X) = —1+3 =9 +—| TIse symmetry rather than
2 imtegration.
c
Var{d) = %(54—1)2 +— Tse the formula for a
s unifertn distribution rather
s than integration.
Pi—03=X=33) = 3.6)-(% | Tze area under graph from
— 06 x=-073 to x=375 rather
S than definite integration. Tt 1z
easier|

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 2

Question:

A bagcontains a large number of coins. Hall of them are 1p coins, one third are 2p
coins and the remainder are 5p coins

a Find the mean and variance of the walue of the coins.

A random sample of 2 coins 15 chosen from the bag

b Lizst all the possible samples that can be drawn.

¢ Find the sampling distribution of the mean value of these samples. £

Solution:
a
7 1 2 5 Draw a probability
= 1 1 1 4—— | distribution table to help with
PA=x l 3 & calculations.
Mean =1x 2 +2x L +5%3 =2 Use ZaP(X = x)
Wean value 15 2p or £0.02
Variance = Pxi+2'xi+5xi—2 | Use ZrP(& =x) -1
Variance has units of (pence)®.

LR s 2 coins dr li
1,2y and (2, 1 colhs drawn so easy to list
E1 5; and E5 1% as (first coin, second coin)
(2. 2)
(2,5 and (5, 2) TWrite down the list carefully
(9] 1 and don't migs any possible
samples.
c
& 1 1.5 2 3 35 5 Distribution
— | B R Ligale ol | e | 1 e R 1 | | means zet out
PUE=x) | 3x73=7 | 2%3%377 | 35375 |5 | 2%5%¢ 75 | = -
Possible means are
L o pd 2 5
2 2
4522
2
G R s B
2 2

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\s2_rev2 a 2.|

Pagel of 1

3/18/201.



Heinemann Solutionbank: Statistics 2

Solutionbank S2
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2 Review Exercise
Exercise A, Question 3

Question:

A teacher thinks that 20% of the pupils in a school read the Deano comic regularly.

He chooses 20 pupils at random and finds 9 of them read Deanc.

a 1 Test, at the 5% lewel of significance, whether or not there 15 ewvidence that the
percentage of pupils that read Deanoc 15 different from 20%. State your
hypotheses clearly.

ii  State all the poszible numbers of pupils that read Deano from a sample of size
20 that will malce the test in part a i significant at the 3% level

The teacher takes another 4 random samples of size 20 and they contain 1,3, 1and4

pupils that read Deano.

b By combining all 5 samples and using a suitable approximation test, at the 5%
lewel of significance, whether or not this prowvides evidence that the percentage of
pupils it the school that read Deano 13 not 20%,

¢  Comment on your results for the testz inpart a and part b, K

Solution:
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Two-tailed test as 15 different

Hywp: = 0.2 | from’
H:p = 02
A& ~B{20,0.2) 20 use tables to
PX=: = 1-Pzx=8) look up P{X =3)
= 1-09200
= 00100 <0025 Cotmpare with 0.025 at 2%,
| two-tailed test.
Eeject H,.
Evidence that the percentage of pupils that state conclusion in contesxt

read Deano iz not 20%, it is more than 20%. < from question.

1 Fromtables

Compare with 0.025 so

P(X=0y = 00115<=0025 e oladeel:

P(A=1) = 004692=>0025

P(XZ=8) = 1-0%9679=0032> 0025 2 not included as = 0025,

PX=% = 00100=0025

All possible values are 0 or [9, 20] or 0 and 9 - Upper limit is sample size of

of fI0te. 20.

b
H, bt = 02 Two-tailed test as question
H.p # 02 says ‘iz not 20%°
i :

W~ B{100,0.2) Tse normal approximation to

W~ N(20,16) tinomial, Mixp, apg).

Total =94+14+34+14+4 =18

18.5—20 Include 18 so use continuity

Biisls) = ‘Bl2= p ] *— correction +0.5 then

standardise.
= P(Z=-0373)
= 0.352 < S TTze tables: you do not need to

interpolate.

0,352 = 0,025 zo mnsufficient evidence to regect Hy .

Cotbined numbers of Deano readers suggests there | Write conclusion in contesxt

is no reason to doubt 20% of pupils read Deano ™

c

In part a we rejected H,
Inpart b we had insyfficient evidence to reject Hy

The results are different.

Either sample size matters and

larger samples give more relichle resulis

ot not all pupils are drawn from the same population.

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 4

Question:

The continuous random variable & is uniformly distributed over the interval [2, 6].
a “Write down the probability density function £(x).

Find
b ECX),
Var(X),

C
d the cumulative distribution function of X, for all x,
e

P23 REE R,

E

Solution:
l, 2 E s E 6 _1 et l
a flx)=q* ol T
0, otherwize
h Ex)=4 i By symmetry hall way
N between 2 and &,
c

6— 27
Var(X) = (12)
w4
3
d
F(x) = Li_ldz
— P
B [E%
= 2G-2)
Q.
F(x) = {2(x-2)
1,
e

PIIBEET e

Alternative method

P(23< X <34)

© Pearson Education Ltd 2C

A

F

Tsing variance formula for a
uniform distribution

Femember

B ) dx

but use £ with a variable upper
limit of x.

Femember the ends.

F(3.4)—F(2.3)

1 1
7(34-2—3(23-2)
0.275

Area of rectangle under f{x),
height 3_1

file://C:\Users\Buba\kaz\ouba\s2_rev2 a 4.|

Pagel of 1

3/18/201.



Heinemann Solutionbank: Statistics 2

Solutionbank S2
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2 Review Exercise
Exercise A, Question 5

Question:

The randotm variable X is the number of misprints per page in the first draft of a

novel,

a State two conditions under which a Poisson distribution iz a suitable model for X

The number of misprints per page has a Poizson distribution with mean 2.5, Find the

probability that

b arandomly chosen page has no misprints,

¢ the total number of misprints on 2 randemly chosen pages is more than 7.

The first chapter containzs 20 pages.

d Tlzing a sutable approzimation find, to 2 decimal places, the probability that the
chapter will contain fewer than 40 misprints. E

Solution:

a Mlisprints occur randomly and independently.
Mizprints occur singly in space. -+
Mizprints occur at a constant rate.

Tze the context of misprints,

h
PX=0) = ¢ Question gives Pol2.5).
= 00821
A=2x25=5
¢ For 2pages, ¥ ~ Pol(9) -]
Bi¥=T = 1-P(F <7

_ Cuestion says “more than 7
1-0.866¢ =0.1334 so 7 not included.

-
0.133(3:1£) \
Tze tablez of Po(d).

d For 20 pages, ¥ ~ Po(20)

P ~HN{E0,50) approx \ B =20%2 5=50

\ Satisfies normal approzimation

to Polsson.

‘Legs than 407 50 40 not

P <4 = P(F=395 = icluded so include continuity
29 550 correction byd0—0 5=3% 5
2 plmamsaly S5
50
= P(Z <—14849) S_tandardise then uze nortmal
-— distribution tables to look up
= 1-0%93=0.07

2 walues.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 6

Question:

Explain what vou understand by

a acampling unit,

b asampling frame,

¢ acampling distribution K

Solution:

a Hlement of the population.

A sampling frame 15 a list,
h A kst of all the sampling units, #———— | register or database of
sampling units.

¢ Al possible samples are chosen from a

population, the vadues of a statistic and the
associated probabilities 18 a sampling

Tzually displayed in atable.

distribution.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 7

Question:

A drugs company claims that 75% of patients suffering from depression recover when

treated with a new drug.

A random sample of 10 patients with depression is taken from a doctor’s records.

a Write down a suitable distribution to model the number of patients 1n this sample
who recover when treated with the new drug,

iven that the claim iz correct,

b find the probability that the treatment will be succezzful for exactly 6 patients.

The doctor believes that the claim 1z ihcorrect and the percentage whe will recover is

lower. From her records she took arandom sample of 20 patients who had been

treated with the new drug. She found that 13 had recovered.

¢ Stating your hypotheses clearly, test, at the 5% lewel of significance, the docter’s
belief

d From asample of size 20, find the greatest number of patients who need to
recover for the test in part ¢ to be significant at the 1% lewel. K

Solution:
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13 the probability that a patient

a X ~B(10,0.75) recovers in the randotm sample we
where & 1s the random wariable *number of are told it is claimed p =0.75.
patients who recover when treated’

b
P(A=6) = PA=6)-P=3) ‘Claim is correct’ means take

= 0.2219-0775% ¢ p =074
= 0146
Alternative method
P(X=6 = Exol?ﬁﬁ 0.95% Tse the binominal formula.
14|
= 0146

‘ One-tailed test as “lower’ in

Hy:p = 0775 - question.

H:p < 0775

K ~B20,0753

P(X<13) = 1-0.7858 < Looking at “left hand tail”.

= 0.2142>0.05
\ Cmne-tailed test so compare

Insufficient evidence to reject Hy . with 5%.

Doctor's belief iz not supported.

\ Eemember the context of
‘docter's belief”

d
P(X <9
P(X <10)

1—09261=0003% < 0.01 Loolk at walues in B(20, 0.75)

table.
1-09861=0.013% > 001 *——0fo
Cotmpare with 0.0, 1.e. 1%

significance.

So greatest number of patients 12 9

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 8

Question:

a Explain what you understand by a census,

Each cooker produced at 5T Engineering iz stamped with a unique zerial number,

GT Engineering produces cookers in batches of 2000 Before zelling them, they

test a random sample of 5 to see what electric current overload they will take

before breaking down

b  Give one reason, other than to save time and cost, why a sample 15 taken rather
than a census,

€ Suggestasuitable sampling frame from which to obtain this sample.

d Identify the sampling units. K

Solution:

a A census is when every member of a papulation

13 inwvestigated.
b This is destructive testing, so there would be no "Cheap”™ or ‘quick’ 1z not
cookers left to sell if a census were taken, enough for this part.

c A fist of the serial numbers of the cookers. — Register/database is also OK
for list.

\ serial number of a cooker 1z

OE too.

d A cooker

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 9

Question:

Dhriti grows tomatees. Over a period of time, she has found that there iz a probability
0.3 of a ripe tomato having a diameter greater than 4 cm. She decides to try a new
fertilizer. In a random sample of 40 ripe tomatoes, 18 have a diameter greater than

4 cm. Dhriti claims that the new fertiliser has increased the probability of a ripe
tomato being greater than 4 cm 1n diameter.

Test Dhriti’s claim at the 5% level of significance. State your hypotheses clearly. K

Solution:

One-tailed test as question
Ho:p=03 Hy:p>03 4— szays ‘increased’.
X iz the random variable

‘nutnber of tomatoes greater than 4 cm’

¥ ~B0,03) - Samples size #,
n=40p=073
PX=18) = 1-PA =10
= 1-0.9830

Cne-tailed test at 5%
significance lewel

00320 =005 <+

Eeject H,

Dhiriti's claim is supported by sample. Remember context, you could

‘—__‘_'_'_"_“‘—'—-—-—‘._ write out the claim from the

gquestion too,

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 10

Question:

The probability that a sunflower plant grows owver 1.5 metres high is 0.25. & random
sample of 40 sunflower plants is taken and each sunflower plant is measured and its
height recorded.
a Find the probability that the number of sunflower plants ower 1.5 m high iz
between B and 13 (inclusive) using
i aPoisson approzimation,
ii  alMormal approximation
b Write down which of the approzimations used in part a 15 a tmore accurate
estimate of the probability.
Tou must give a reason for your answer, E

Solution:

a Let X be the random variable “the number of
sunflower plants mote than 1.5 m high’

i X ~Po(l0) “ A=40x%025=10

PEL <13 FX<12)—-P(X<7) «— | Inclusive, so subtract

= 0.8645—0.2202 Plx=7).

0.6443 \ Tse tables for these values.

= 0.644(3sf)

40x0.25=10
10x075=75

ii X ~N(10,7.5) « P
npd

P(75<X<139=F ?'5_10{_:3{_: 13.5-10 Tnclusive so

13405 = 135
for continuity correction

Don't forget to square root
= P{—0913<2 <1278 75

= 08997 —(1-08188)

= 07133 \ Use normal tables.

= 0718(3s£)

—0.913 souse 1=~

b Mormal approximation as » large,

2 close to % and xp=10=> 5.
(Exact binomial iz 0. 7148 (0 8968 — 018200

The Foisson approximation shouldn't be used
because pisn't small, it is bigger than 0.1,

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 11

Question:

a Explain what vou understand by
1 ah hypothesis test,

ii acritical region,

During term time, incoming calls to a scheool are thought te occur at a rate of 0,40 per

minute. To test this, the number of calls during a random 20-minute interval, is

recorded.

b Find the critical region for a two-tailed test of the hypothesis that the number of
mcoming calls occurs at a rate of 045 per 1-minute interval. The probability in
each tail should be as close to 2.5% as possible.

¢ Write down the actual significance level of the abovwe test.

In the schoeol holidays, 1 call occurs ina 10-minute interval

d  Test, at the 3% level of significance, whether or not there iz evidence that the rate
of incoming calls 15 less during the school holidays than in term time. E

Solution:
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i A hypothesis test iz where the walue of a population
parameter (whose assumed value 12 given in H, ) is

tested against what value it takes if H 15 rejected

ithiz could be an increase, a decrease or a change).

i A range of vahies af a test stanstic that would lead to
the rejection af the null hypathesis.

b Let X be the random variable ‘the number of incoming calls’

H =~ Pol® - A=20x045=9
From table
PX>16 = 1-P(X<15 «— | PO=1m = 1-00£14)
= 1—0.9780 = 0.0415> 2.5%
= 0.0220 which 15 closest to 0.025
PEC=4y=0.0550 = 2 5%
P(X <3 = 0212 which is closest #———— =4 ’

to 0,025
Critical region X <3 or X =16

¢ Actual significance level

0.0220+0.0212= 0.0432 or 4.32%
d H, A=045 H:A<045

A=475 - Testing 0.45 per 1-minute interval,
but using 10% 045=4.5 as the

A ~Poid 5 parameter A to look up in the
table.

P(X<1'=00611=003
Insufficient evidence to reject H, .

The rate of incoming calls is Jess during
the school holidays is #of supported.

‘1z less’ 10 question 5o one-tailed
H, and conclusion clear.

© Pearson Education Ltd 2C
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 12

Question:

& atring AR of length 5 cm iz cut, in a random place O into two pieces. The random

variable X iz the length of AC

a Write down the name of the probability distribution of X and sketch the graph of

its probability density function.
b Find the values of ECY) and War(X)
¢ Find P{X =35

Write down the probability that AC is 3 cm long E

Solution:

a Continuous uniform distribution «—— |

Alternatively, a rectangular
distribution.

x) &

"'_‘_*—-—-—-—._______‘_ All your lines should be parallel to

L

the x-acs.

Don'tforget =0 and x=5.

h
E(in, = 2.9 By symmetry of sketch.
_ -0
VAN = 12 ‘_'—_"‘“*—-——____‘_ Tse the formula rather than
i 25 integration.
12
C
P2l = 1050 X% Area of rectangle.
= 2
5
d PX=3=0 It iz a continuous distribution so
(X=3= an exact value has probability 0

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\s2 _rev2 a 12.

Pagel of 1

3/18/201.



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 13

Question:

Bacteria are randomly distributed in a river at a rate of 5 per litre of water. & new
factory opens and a scientist claimes it is polluting the river with bacteria. He takes a
satnple of 0.5 litres of water from the river near the factory and it containg 7 bacteria,

=tating vour hypothe ses clearly, test hiz claim at the 5% level of significance. E
Solution:
Hy A = 5 | 'S5 per litre of water”
H.A = 5
‘Polluting the river’ so bacteria
being added, so one-tailed test.
A ~Po(25)
BIX > = d=PE<86) 4 Use A=5%05=25 table.
= 1-05858
= 00142 =005
Eeject H,
There 15 sigmificant evidence that near the factory Toucan also say “scientist’s
the river is polluted with bacteria at the 5% 4 | claim is justified’.
lewel
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file://C:\Users\Buba\kaz\ouba\s2 _rev2 a 13. 3/18/201.



Heinemann Solutionbank: Statistics 2

Solutionbank S2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 14

Question:

A bag contains a large number of coins
T5% are 10p coins,
25% are Sp coins,
A random sample of 3 coinsg 15 drawn from the bag

Find the sampling distribution for the median of the values of the 3 selected comns. £

Solution:

FPoszible samples of 3 coins are

@

r Y

(3,3, 100 in any order (3 cases)

{10, 10, 53 in any order (3 cases)

(5, 10, 5) or (10, 5, 5)

r

(10, 10, 10)

8 cases altogether with median of 5 or 10

i

(10,5, 10) or (5, 10, 10)

(5, 5, 9 and (5, 5, 100 hawve
median of 5.

Median 5 )
i Y i 142 (3
Par=5 = (3] +3x(3) 3
o st
% ' 53
Median 10
G g3y 348 1
PM=10) = (3] +3x[3] |5
s m
=

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 15

Question:

Linda regularly takes a taxi to wotk five times a week. Owver a long period of titne she
finds the taxi iz late once a week, The taxi firm changes her driver and Linda thinks
the taxi iz late more often. In the first weelo with the new driver, the tami iz late 3
times.

You tnay assutne that the number of times a taxi is late in a weel: has a binomial
distribution,

Test, at the 5% lewvel of significance, whether or not there 15 evidence of an increase in

the proportion of times the taxi is late. State your hypotheses clearly. E
Solution:
=1 _
Hy:p = 02 = p=z=0z
H:» = 02

X ~B(5.0.2)

o days, Pilate)=10.2

\ ‘late TOFe Oﬁen, S0 OﬂE—tail test

P(X=3) = 1-P(X<2)

= 1-09%21 - Tze tables.

= 0.0379=005
Insufficient evidence to reject H, . R hE b et nte e e
Mo evidence of an increase in the ¢ driver 15 late’ or you could say
numb er of times the tax driver is late. ‘Linda’s claim iz not justified’.

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Statistics 2

Solutionbank S2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 16

Question:

a i Write down two conditions for & ~Bix, p) to be approximated by a normal
distribution ¥ ~ N, o).
i Write down the mean and variance of this normal approzitnation in terms of »
and p.
A factory manufactures 2000 DV Dz every day. It 15 known that 3% of DVDs are
faulty.
b Using a normal approximation, estimate the probability that at least 40 faulty

DWDs are produced in one day.
The quality contrel system in the factory identifies and destrovs every faulty DVD at
the end ofthe manufacturing process. It costs £0.70 to manufacture a DV and the
factory sells nen-faulty DWVDs for £11.
¢ Find the expected profit made by the factory per day. E

Solution:
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a i IFX-~-Bip
# 18 large
piscloseto 0.5
and #p =3

then X can be approximated by
Nizp,np(1-pJ)

i
mean = up i ‘Interms of # and p’
variance = upg =apll—p)
| A Y (T R — #p = 2000x003=460
mpg = 2000x003x057
= 582
DX =400 = P(X =395
& ( ) h‘“"““—-—-—-_._ﬁ___ 40 included so continuty
_ 1_p|g 333200 correction 40—0.5=39.5
T 4f5B2
= 1-P(Z<—2687 ‘h)'_"““-h-—‘._____ Don't forget the zquare root of
= SHEgeA the variance.
= 099 (53:1)
e E(X)=60 up =60 above,
Ezxpected profit
i s P Profit from sales.
= 2000—60):x 11— 20000770
= £1%940 \ Wanufacturing costs
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 17

Question:

a Define a statistic,
A random sample A, A, . A, 1# taken from a population with vnknown mean U

b Foreach of the following state whether or not it 15 a statistic,

X+ &,
5 :
a
i 4 _Hgl E
X
Solution:

a A random variable that iz a function of kknown
oheervations from a population

of A statistic is a numerical property of a sample.
b i Tes, itis a statistic. A and X, are known

1 Mo, it i1z not a statistic.

U ig unlonow,

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 18

Question:

For a particular type of plant 45%% have white flowers and the remainder have

coloured flowers, Gardenmania sells plants in batches of 12, A batch 15 selected at

random.

Calculate the probability this batch contains

a exactly 3 plants with white flowers,

b more plants with white flowers than coloured ones.

Gardenmania takes a random sample of 10 batches of plants.

¢ Find the probability that exactly 2 of these batches contain more plants with white
flowers than coloured ones.

Due to an increasing demand for these plants by large companies, Gardenmania

decides to sell them in batches of 50

d Tse asuitable approzimation to calculate the probability that a batch of 50 plants
contains more than 25 plants with white flowers. E

Solution:

a Let W he the random wariable ‘the number

of white plafite ‘batches of 127 w=12
W~ B(12,043) < *45% have white flowers’
PW=5 = C2045055
= 0.2225 \ Youcan alse use tables:
P =-PW=d
b -
P =T} = 1-PW <8 Batchesz of 12, 50
= 1-07383 T white, 5 coloured
= 02607 2 white, 4 coloured, etc.
c
P(exactly3) = C5(0.2607)°(1—0.2607) Tse your answer to
= 02567 .
d p=02607 n=10
tn ean = mp=225
variance = #apg=12.375 "\ # =230
p =043
W~ MNi22512.375) g =055
255225 25 not included so continuity
P =23 = P[Z = le 275 ] + cottection iz 254+05=2515

= P(Z>08528.)

= 1-0.8023 \
Look up 0.85 1n table.

= 0.1%77
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Solutionbank S2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 19

Question:

a State the condition under which the normal distribution may be used as an
approzimation to the Poisson distribution.

b  Ezplain why a continuity correction must be incorporated when using the normal
distribution as an approximation to the Poisson distribution.

A company has vachts that can only be hired for a week at a time. All hiring starts on

a Saturday. During the winter the mean number of yachts hired per week iz 3.

¢ Calculate the probability that fewer than 3 yachts are hired on a particular
Saturday in winter.

During the summer the mean number of vachts hired per week increases to 25, The

company has only 30 vachts for hire,

d TTsing a suitable approximation find the probability that the demand for yachts
cannot be met on a particular Saturday in summer.

In the summer there are 16 Saturdays on which a yacht can be hired.

e Estimate the number of Saturdays in the summer that the company will not be
able to meet the demand for vachts. E

Solution:

a A=10 orlarge

b The Poizzon distribution iz discreie and
the normal distribution 15 confinuons.

¢ Let Fbe the random variable ‘the number
of yachts hired in winter’.

il

¥ ~ Po(5),P(¥ < 3)

“Yachts hired per week 13 37,

P(7 < 2)
0.1247
1'_‘_h_'_'__'“‘“——-—--u Use table.

d Fisapprozimately Ni25, 23)

Idean number of vachts hred
30.5-— 25] per week 1s 25,

P(X:=30)=P[Z>

30 wachts for hire” so “cannot
be met’ 15 graatar thaxn 30,

30 not included, so use continuity
correction 304+0.5=305.

PZ=>11)
1—0.8643
0.1257

Mumber of weeks = 0.1357x16
2.17

2o 2 (or 3 Saturdays.
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2 Review Exercise
Exercise A, Question 20

Question:

The continuous random variable X iz uniformly distributed owver the interwval
g<x<f
a Write down the probability density function of X, for all x.

b Given that E(X) =2 and P(X = 3) =§, find the walue of o and the value of 3.

A gardener has wire cutters and a piece of wire 130 cm long which has a ring
attached at one end The gardener cuts the wire, at a randomly chosen point, into 2
pieces. The length, in cm, of the piece of wire with the ring on it is represented by the
random wvariable X Find

¢ E(4),
d the standard deviation of X,
e the probability that the shorter piece of wire 1z at most 30 cm long E
Solution:
, T X =
a f(x)=18—«a a
0, otherwize
b E(ND=2 P(X{3)=§
i_e.{x+B=2 G=y 9
2 B—o B
I T Tze properties of uniform
a+g = 4 distribution to form 2 equations.
Sa453 = 24
g =6 *———-—_____\___\—— Solve simultanecusly.
g = —2
¢ EQ0= 150+0 =75 4— Tse formula
2
— 2
d Standard deviation = (15[12 » -+ Tse formula.
= 433(3:1L)
e P(X=<30)+P(X =120 +«—— | There are 2 ends|
30 30
50 130
_ 60 _2
305
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2 Review Exercise
Exercise A, Question 21

Question:

Past records from a large supermarket show that 20% of people who buy chocolate
bars buy the family size bar. On one particular day arandom sample of 30 people was
taleen from those that had bought chocolate bars and 2 of them were found to have
bought a family size bar.
a Test, at the 5% significance level, whether or not the proportion p of people who
bought a family size bar of chocolate that day had decreaszed. State your

hypotheses clearly.

The manager of the supermarket thinks that the probability of a person buying a
gigantic chocelate bar 15 only 0.02. To test whether this hypothesis 15 true the
manager decides to take a random sample of 200 people who bought chocolate bars.

b Find the critical region that would enable the manager to test whether or not there
15 evidence that the probability 15 different from 0.02. The probability of each tail
should be as close to 2.5% as possible.

¢ Write down the significance level of this test. E

Solution:

a Hy:p=02 Hp:p=<02 +—— | ‘Towet’ zo one-tailed test.
Let X be the random variable
‘number of people buying a family size bar’ sample of 30 people;

X ~B(30,02) — | »#=30
20% of people : p=0.2
P =00442=005
. ; ‘\ Table value,
Sufficient evidence to reject Hy .
Conclude that the propottion of family —
size sold 1s lower than usual + Conclusion in context.
b Hyp=002H,:p=002 ‘15 different from’ se

-— |
Let Fbe the randotn wariable “number of

two-tailled test.

gigantic bars sold’

=~ B200,0.02) which 15 Po(d) approximately «——

pp=200x002=4

PF=0=00183 is clesest to 0.025 ‘—l—

PFz9=1-09786=0.0214 isclosest to 0.025 o |

Criticalregion ¥ =0 and I =9

From table walues look
for ‘as close to 2.9% as
possible’

0.01834+0.0214

0.0387
Le. 3.97%

Zignificance level
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