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Exercise A, Question 1

Question:

The discrete random variable & ~ Pol2.3) . Find
a P(A=4),

b PX=1),

¢ Pld= X =6).

Solution:

KD

a P(¥=4= =0.11690...=0.117 (35.£)

b PX=1) 1-P(Y =0)

= 1_6—2.3

083974, =0900 (3£

¢ PUA<X<6)
= P(X=5)
= 0.05377 =0.0538(3s.£)
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Exercise A, Question 2

Question:

The discrete random wariable & ~ Poi2. 7). Find

a P(X=T,
b PiE=1,
c P(X=2)
Solution:
A ~Pa(57h
-57 7
PryaTy = e G
a 7
= 012978 =0130{3:1)
Py = P(A=04+FE=1)
__-57 sy 2
b e +e Y 1

= §7xe
= 0029417 =00224(35b)

PIX>2) = 1-PX<2)
= 1—[P(X =)+ P(X =)+ P(X =2)]

=57 2

g = 1-0.022417 - 37

= 0923226 =0%233s1f)
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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(l<Y <3) P(¥ =1)+P{¥ =2
™% 5 (). 35)2
ol

0289802 =0.290

c = 024664, +
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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 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
= el
= 46xef
= 0.12568... =0.126
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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 P(X=2) 1-P(X<2)
= 1-0.5438 (tables)

04562

¢ P(X <5 =09580 (tables)

d P(3<X<5) DY <5)—-P(X <2
0.9580—0.5438 (tables)

04142
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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
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Exercise B, Question 3

Question:

The random wariable ¥ haz a Poisson distribution with mean 4.5 Find
a FI=2),

b P¥=1),

c F¥=4,

d FP2=F<4g).

Solution:

Y ~P,4.5

a P(Y=2) = Pr<2—-PF =1

= 0.1736—0.0611 (tables)
= 01125
b P <1)=00611 (tables)

e P(¥s4 = 1-PF <4
= 1-05321 (tables)
= 04679

d P(2<¥Y <6 = Pr<6&-—Pr<0
= 0.8311—0.0611 (tables)
= 07700
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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(X<a)=03134,

h B(F<=k=07166,
¢ DX <2)=002%,
d P{X=d)=08035.
Solution:
A ~Pg(8)
a PiX<é6 = 03134
Sa = 6
b X< = 07166

SBo= 0

PiX<4 = 00934
PiX =5y = 0089
seg =3 0

P(Y <5 = 01912
SPX>5) = 1-0.1912
= 0.8088
d =5
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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
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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

a there are no calls in the next 5 minutes,

b 3 or fewer calls are received 1n the nesxt 5 minutes,

¢ fewer than 2 calls are received between 11:00 and 11:05,

d 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)
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Exercise B, Question 7

Question:

The random wvariable & ~ Po(%) Find
a u=Ei4),

b o =standard deviation of X,

¢ Plu=X<u+aoy,

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
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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)
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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

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

¥ ~Pi35)

P(¥ =0y=00302 {tables)
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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.
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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.
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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 weeks. 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, (%) -
PYr=100 = PF=9

= 05874 {tables)

9=6x15
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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
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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=0)=¢ 3

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%

PiF<5) = 0%9834<0098
P¥<=6) = 05955=025%9
Coneedup==6

(tables)

{n 26 but baking more 13 likely to create more waste)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics

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

© Pearson Education Ltd 2C
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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, 5
A e~ Py (3]

-5 1
a PX=Da" %2 — 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

= 0.875(3:f)
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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(7%arerighthanded) = P(X=1)
= PX<1)-PX=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:
A = number of hits cut of 500
X~  B(O00,098
F = number of misses out of 300 " p 15 small and » large)
¥ ~ EBOEO0,002)
¥ = P10)
a
P(A=0000 = PB(F=0)
rs e =0.000045399
ez 00000454 (3s 1)
b
P =480 = PF<D
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) 5% (0.002)0.998)*
0.00592

¢ 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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Exercise E, Question 1

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

¢ ¥~B(60,3)
s Pc: (7.3
P¥r <10y =PRF<=9 (Poisson tables)
£ 07764

d Eequire P(F2p =025
te PFF<m-11=05

P¥=6y = 0.3?82ﬂi0.5l _ .
_ (Tzing Poizson tables)
P(F<7) = 05246>05
Som=1 = 6
som =
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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) « L =TS =00%15
b BFC=100 = 1-PC =<5
= 1-07764
= (0.2236
T =number of customers who arrive 1n next 20 minutes
T~ E,(10) - A=20x0.5=10
c PT=100 = PT<=<10-P{F =%

05830045753
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)

—0.25
= l—e

= 0.221199... =0.221(3dp)

b PX<2) PX=0+P(X=1+DP(X=2)

0_252}

=025
=

e P g ol

0.99783... =0.998(3d.p)

¢ 1 =number of breakdowns in 12 weeks

T~F () «——— | 1=3=12%0.25
BT =0) e = 0.04978..
0.050 (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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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.£)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise F, Question 2

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 A =number of errors in 1,000 words

SRl A=4%25
P(X=12) = 1-P(X<I11)

= 1-0.6968

= 03032

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

¥ ~ B(3.0.3032)

P(r=3 = (0.3032)
0.027873...
0.0279 (3s.£)
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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
P(X =0) = (0.984)° 0.907759...

0.908(3dp)

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)

¥ rim By (12.8)
Py <3 = PF<2
128
= B 14128+ ]
21
= 000026426

0.000264 (3e£)
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Question:

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

a

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

b The number of earth tremors that take place in a willage over a given period of
time.
¢ The number of particles emitted per minute by a radioactive isotope.
d  The number of heads you get when tossing 2 coins 100 times,
e The number of accidents in a city in a year.
f The number of flying bomb hits in specified areas of London during World
War 2.
Solution:
a Binomial a fized number of arrows (a2 =20)
need to azsume that p = probability of an arrow hitting iz constant
b FPoisson no fized number of trials
need to assume earth tremors ocour at random with a constant rate
¢ Poisson no fxed number of particles
need to assume particles emitted at a constant average rate
d EBEinomial # =200 the number of tozzes of coins p =1§
e Poisson nie fized number
need to assume accidents ocour at a constant rate
f Toizsson ne fized number

need to assume flying bomb hits occur at a constant rate
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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

I =number of months with 2 or more accidents
7= B(12,0.02465)
c Pz 1-FF =00
= 1—(0.97351
= 1-0724488. .
= 0.275511...
= 0.276(3:1)
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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

apaon
a P(X=3) = PX<3)-PX<2 (tables)
0.7576—0.5438
= 0.2138

I =number ofbreakdowns in 3 months

Fosibecps)
b PY>10) = 1—-P(¥<10) (tables)
= 1-0.8622
= 0.1378

¢ P(X=3 x PX=9
(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
w0 (TS
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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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)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise F, Question 10

Question:

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

A ~P(0.2)

a P(Xz1) = 1-PX=0)
= g™
= 1-0.38187...
= 0.181(3dp)

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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