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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 2.

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.

Solution:

E

-
a X ~B(xn 004
'

T

A 15 the random wariable ‘number of
people who have green eyes’

A 15 binemial, as there 15 clear
“success’ (p=0.04) ie. aperzon has

Sreen eyes of not.

Take sample size # from the question

E(L) = wp
5 = 0.04n <
'Jz =

TTse the expectation of a binomial
distribution to form an equation.

=olve the equation.

b
EXy = 3
wp = 3 =
Standard deviation = Jupg
= f2.88
= 170
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This 15 a second random sample
so xp s different from part a.

The binomial distribution has a
formula for the variance, #pg, so
square root this.

g=1-p and wp =23
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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
D=k = : 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 doe; #ead include 5
_ A can only take discrete values and
= Hiese tables imcluds the value vou look up.
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Exercise A, Question 3

Question:

A continuous random variable X has probability density function

kfdr—x1, 0= x=2,
f(x)= ;
0, otherwi se,
where k& 15 a positive constant.
a =how that & =%.
Find

ECAD,
the mode of X,

h

c

d the median of X

e  Comment on the skewness of the distribution.
f

=ketch fix). E

Solution:
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a
Hdr-x)dx = 1
.[u dmr) B +—— Integratingap.d.f over anpossible
2 ; 2
k[2xg _lx4i| w3y val_ues of x gives 1. Here x=10 to
4" r=2.
T T Malee sure you integrate properly!
kig—4)=1
L sSubstitute the limits and take care
=1 with the arithmetic here too.
3
b
g 1
E = x¥ - (dx— 2 )dx 2
4_-—-—'_-_._.- . x
() JU 4 ¢ ) The expectation 15 L AA(xdx.
[1 31 5}
sE @ |
- ; g Hliay
_ 1é Expanding gwesj (x*——x"dx.
B E ‘\ D 4
‘\ Integrate carefully and substitute
the limnits.
c
Atmode f'(x) = 0 4—————— The mode is the value of x at the
4-3 = mazximum of f{z), 1e. the highest
2 point of the graph.
x =
NE)
2 f(x) = F@z-7)
3 f'x) = %(4_3;8)
= 1.15(3sf)
Zolving gives a surd which 1s 1.15
3sf)
d At medianm
ol 3 _ 1
Iidr— = 23 g e o ] .
_[, 4(4x Sl 2 P(m)=% so integrate £x).
1 2 1 40 _ 1
2ol i Dl S
w8 +E = 0 Integrate carefully and substitute .

\ Bottom limit is 0.
i = 4122

L 2
Form a quadratic in #° and solve

m o= 108
—bt B dac

using x=

Zat
e mean(1.07) < median(1.08) <mode(1.15)
= negative skew
f Ee careful as the graph is
l negatively skewed, but the
fix) mean, median and mode are
closze to each other.

L 1

Eemember to add the
regions x< 0 and x5 2 to
your sketch
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Page2 of 3



Heinemann Solutionbank: Statistics z Page3 of 3

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics Z

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.

PiE=oN = i iatsunst
£ i 052w 52 Tze the formula for the probability
2121 of a binomial distnbution.
= 0_3?5\

41 4x3IxIxl
2121 (2xDx(2x1)

b PIX=4) or P(X=0)

+ ‘Chutcomes are the same’
HHHHie X =4
TTTTie X =0
= 2x05 .\
= G2 PEHHE) = 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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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.
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Review Exercise
Exercise A, Question 6

Question:

The randomn wvariable X ~B(150,002). TTze a suitable approximation to estimate

715 large, p 15 small.
ap=150x002=73

souse Poisson approximation.

PiE=0 F
Solution:

KX ~TPolZ) -

PiE=T = 1-P(X<h

= 1-0.9881 ‘\

0.0119(35.£)

Tse tables to look up P{X =7 and
subtract frorm 1.
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Review Exercise
Exercise A, Question 7

Question:

A continuous random variable X has probability density function fix) where,

x(x—2), 25x53,
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:

PhysicsAndMathsTutor.com

Pagel of 3



Heinemann Solutionbank: Statistics Z

{

Eﬁ;{(x _2)dx

Ef(x) et

k[l 3 2]3 =1
i}f X ! = Q..._______\___‘_‘_‘_‘_

Fix)=k(x®— 22) then integrate.

Don't forget to substitute the bottom
limnit and subtract.

E(x) = J33 2x-2dx | Use E(X) = [af(x)dx.

s
24

= 341 33 'l—-—-—.__________________ Sows ad 4
= [EX —5Z ]2 xf(x)=3x — =X

_ (3,1 | [T |
= (EX3 5><33J (16><2 2><2J

el
= 2Eor 26875

Fix)

1‘33”\ Don't forget lower limit of 2.

2

Substitute the upper limit, 3,
and subtract the substitution
of the lower limit, 2.

This 15 the exact answer.

Tze a variable upper limit with Jf(.ﬁ)d.t.

F(x)={3(x’ =32 +4) 2<x<3 +—of

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) 0.527

Flw)=075 1s in between these.

0.5 lies between F(2.70) and F(2.75)
so m lies between 270 and 2.75 =

Be careful to write your answer
clearly and do not get confused
between 270 and F(2.70) or 2.75 and
F275).

Alternative method

.411':”33 — T’ + 4 =% k‘_ﬁi___‘ Tse your answer to ¢. The median,
1

w =t 2 =10

w2, 13 where Fiam) = 3

Thiz iz a cubic, so it will be difficult
to solve. You use the values given in

x o= 275, x =3 +2=0.109315=0
r = 270,23 42=—0187 <0
Eootbetween 270 and 275 = m

the question and show that the left
hand side changes sign.

between 2.70 and 2.75 since the cubic changes sign.

PhysicsAndMathsTutor.com
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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) «
PX=2 = ﬂ(o.zﬁo.?ﬁ
18121

= 0.0278

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
2161 ) )

© Pearson Education Ltd 2C
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\ binomial probability, don't forget
can 201
STIET
Tou can use tables instead:
PA<2)—P(X <) = 00355—-00076

afaulty bolt, p =03,

substitute into the formula for

= 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:

PhysicsAndMathsTutor.com
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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)
_ 1.1 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+
= @ +y).1=y<2
0, otherwise set out f) clearly and don't
fy) = * forget £{y1=0.
L@y 4y, 1ys2 il

© Pearson Education Ltd 2C
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Exercise A, Question 11

Question:

The continucus random variable X has probability density function f{x) given by

2x—2), 22x=75,
Lix)= _
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:

PhysicsAndMathsTutor.com
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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)

b Mode of X5 3. iz at itz greate st value,

F

3 3
¢ E(x) = [oxx-2dx Use fo[x}dx.
3
= {E_gxﬂ}
) 2 Integrate  after  expanding to
- 2% " 25 —dr.
d
|, 26x-2)dx = 05 F(m)=0.5 for median

4Dt = 05
wt—dmt+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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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.

Solution:

E

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.

¢ PX=2)

d X ~Pod5)

P(Xz1) =

Pagel of 1

context of faulty components.

Make sure wou write about the

el 5)
21
0.251

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).

~
-

Three-hour period, 50 A =3x1.5=45

1—-P(X =0)

g
1—e

‘AL least 17 so 1 15 included in the
probability.

1-0.0111 \

0,989

TTze formula for Foisson.

0,989 (35.£)

© Pearson Education Ltd 2C
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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).

P(2 consecutive calls)

¢ X~B(5001) <

P(X>1)

007

0.0001

“Success’ iz ‘connected to wrong
agent’ number of trials, =5

1—-P(X =1)—P(X =0)

d X ~B(1000,0.01) =

T eat .

variance =

e X ~Pofl0)

1=5(0.013(0.99)* —(0.99)°

‘More than 17 means 1 1z not
included in the probability.

000023

#=1000 calls per day p=0.01

probability of a wrongly connected
call

wp =10 \
npil—p)=519

‘_‘_‘__'_‘_‘—'——-_._

TTse formulae for mean and wariance
of binomial distribution.

‘—__‘_\_\_‘—‘_\_\—-_

B
P(X=6) =

1—-P(X <6)

#p =10 from d.

1—-0.1301
08699

‘More than & means & 13 not
ncluded.

0.870 (3s.£)

Look up & in Poisson tables with
A =10 and subtract from 1.

© Pearson Education Ltd 2C
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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:

PhysicsAndMathsTutor.com
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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

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(f,)d.t up to x=3
0
i 1 g
F = J 2——i d.t+J & ds
() 3 ( 4 ) 5 6 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.£
Fw=y B
2x—zx —3 3=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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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

= (073 +25073*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 > 0.3).

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:

PhysicsAndMathsTutor.com

Werify that the median value of X lies between x =032 and x =040,
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a
Eemember to “one minug’ as we want
PX=03 = 1-F0.3 == | ¥apgz
= 1-2x03*-0.3
= 0.847
h
F(0.55) = 04308 <05 | “Werif¥’ so write your answer clearly
Fio.e0y = 05040 =05
0.5 lies between F(0.5%) and F (0.60)
so median lies between 059 and 060
c
d F(x) Differentiate c.d.£ to find p.d.f
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
Flx) = x—3x =X =
0 otherwise
d
1
E(X) = jn af (x) dax
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 = §0r0.6 df(x}
F(x) where =0.
f mean{0583) < median{0 59— 0.6} < mode(D.&)

so negative skew
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