Heinemann Solutionbank: Statistics &

Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 1
Exercise A, Question 1

Question:

The time, in minutes, it takes Eobert to complete the puzzle in his morning newspaper
each day iz normally distributed with mean 12 and standard deviation 3. After taking
a holiday, Eobert records the titnes taken to complete a random sample of 15 puzzles
and he finds that the mean time 15 165 minutes. You may assume that the holiday has
not changed the standard dewiation of times taken to complete the puzzle.

Stating your hypotheses clearly test, at the 3% level of significance, whether or not
there has been a reduction in the mean time Eobert takes to complete the puzzle. £

Solution:
Eemember to identify which 1z H, and which is
Hyp=18H:n=18 <+— H,. Thiz iz a one-tail test since we are only
interested 1 whether the time taken to solve the
puzele has reduced. You must use the correct
parameter (0] .
Z=M=_1.9354"g— ; N—_——
TTaing 2 =——
[—ﬁ] -
i

5% one tail c.v. 15 z=-1.6449 €——— Tse the percentage point table and
quate the figure in full,

sigmificant or reject Hy or incritical region. +— _1 9364 = —1 5440

There 1z evidence that the (mean) time to complete  «—
the puzzles hasz reduced

State your conclusion in the
context of the question.

ar BEobert 1z getting faster {at doing the puzzles)
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Solutionbank S3

Edexcel AS and A Level Modular Mathematics

Review Exercise 1
Exercise A, Question 2

Question:

In a trial of diet A a random sample of B0 participants were asked to record their

weight losz, x kg, after their first weel of uszing the diet. The results are summarized
by

Y x=3616 and I x*=1753.95.

a Find unbiased estimates for the mean and variance of weight lost after the first
weel of using diet 4.

The designers of diet.A beliewe it can achieve a greater mean weight loss after the first

week than a standard diet B A random zample of 60 people used diet B After the

first week they had achieved a mean weight loss of 4 06 kg, with an unhiased

estitnate of variance of weight loss of 2.50%kg”.

b Test, at the 5% lewvel of significance, whether or not the mean weight loss after the
first weel using diet A 15 greater than that using diet & State your hypotheses

cleatly.
¢ Explain the significance of the Central Limit Theoretn to the test in part b
d  State an assumption you have made in carrying out the test in part b E
Solution:

file://C:\Users\Buba\kaz\ouba\s3 revl a 2.|

Pagel of 2

3/23/201.



Heinemann Solutionbank: Statistics &

2 1753.95-80x %"

H=s
749
or & =5* =@>< ”53'95—52 =15128
749 20

b Hy:pu,=pp Hyop,=u;

Lo A52-4.06 _( 0.46
1512817750
S R S
80 60

=1868% or -1 86891f B— Awas used

One tail c.ow. 158 2 =1.6449
1.87 = 16449 so reject Hy .

There 1z evidence that diet 4 1z better than diet B or
evidence that (mean) weight lost in first weelk using

diet A 15 more than with 5.

¢ CLT enables you to assume that A and 5 are
normally distributed since both samples are large.

3% 0 il
d  Assumed o =53 and i =53

© Pearson Education Ltd 2C
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=15128 <—i

Thiz 15 a difference of means test
When stating hypotheses you must
make it clear which mean 1z greater
when it is one-tailed test.

«.-"0.0605?6] B

IH_EI_I:‘“A_RHBI

] 2
\/J_uﬂ_s

Mg Hp

Tsing =z =

TTze the percentage point table and
gquote the figure in full.

state wour conclusion in the
contesxt of the question,

WVariance must be known to

use the test. Remember o° is

« | the population variance and

&% 1z an unbiased estimator of

the population variance,
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Review Exercise 1
Exercise A, Question 3

Question:

A random sample of the daily sales (in £5) of a small company 15 taken and, using
tables of the normal distribution, a 99% confidence interval for the mean daily sales is

found to be

(123.5.154.7).

Find a 5% confidence interval for the mean daily sales of the company. E

Solution:

123.5= % - 2.5758 %~ (1)

g5

154.7 = T +2.5758% ~= ()

N

f=%(123.5+154.?)=139.]
2575%% — =154.7-139.1
X
=15.6
o _ 156
Ju 25758
15.6
S0 95% CL =139.1+1.9600%
2.5758

=(127.22...,150.97 )

= (127,151

© Pearson Education Ltd 2C

+— 999 confidence interval so each tail is
0.05. Use the percentage point table
atied quete the figure in full. CT

T el

Nn

*— Add equations (1)and () to find ¥ or

calculate the mean of the given limits,

Substitute ¥ into equation (1) or (2} to find

e
,\f?_g.

*— 95% confidence interval so each tail 15

0.025. Substitute in T and — .

Vr

+— Answers should be given to at least 3

significant figures.
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Review Exercise 1
Exercise A, Question 4

Question:

A get of scaffolding poles come in two zizes, long and shert. The length £ of a long
pole has the normal distribution N(19.7,0.5%). The length & of a short pole has the

normal distribution 17(4.9,0.2*). The random variables I and 5 are independent. &
long pole and a short pole are selected at random.
a Find the probability that the length of the long pole 15 more than 4 times the

length of the short pole.
Four shott poles are selected at random and placed end to end in a row. The random

variable Trepresents the length of the row.
b Find the distribution of T
¢ Find P(|L-T|=0.1). E

Solution:
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a Let X¥=71-45 then

E(X)=19.7-4%49=0.1 +———Use E{aX —bY)=aE(X)—bE(X).
Var(X) = Var(L1+4* Var () | se

=05 +16x0.2* Var(aX —4¥) = a*Var(X) + 52 Var(¥) .

= (.89

*_'_'_)_.___,_,___-—-—-—“' _x—pnu
(x>0 =p[z> %1 R
L0898

= — SR "-\_\_\_\_‘_‘_‘—‘——.___‘_ .
Rlae -0l Look z up in the tables or use

= (0542 to 0.544) 1.\ a graphical calculator,

This 15 the accepted range of
values for the answer.

B TS s 4n

*+— Since we are adding we use
EiMm=4x4% E(X+X)=E{X)+E(X,) and
=1%46 Var( X, + X)) = Var (X)) +Var(X,).
Var(T) =4 x0.2?
=0.16 or 0.4°

¢ LetY=L-T

E(¥) =E(L)-ET) +—|Using E(X -¥1=E(X)-E(¥).
=101
Var(Y) = Var( L)+ Var(T) -

— (.52 4042 *Uaing Var(X - =Var (&) + Var{¥).

=041
" 0.1-01 0.1-01 *— You de not interpolate so

PO1=r<01)= P[Z = M ]_P[Z = M ] ;our.ld 3:'lou1rz valuzto 2 :

_ B B ecimal places and use the
=P s0-Rze=03D tables, or uze a graphical
=05-(1-06217 calculator.

=0.1217 (tables)
or 01226 .., (calc)
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Edexcel AS and A Level Modular Mathematics

Review Exercise 1
Exercise A, Question 5

Question:

Dezeribe one advantage and one disadvantage of
a  gquota sampling,
b simple random sampling, K

Solution:

a  Advantages hny one of

*  does not require the existence off
a sampling frame
a population list

s  field work can be done quickly as representative sample
cat be achieved with a small sample size

*+— Thiz 15 a book work, Tou
need to learn the advantages
and disadvantages of all the
sampling methods.

s costs keptto a mintmum (cheaply)
s  administration relatively easy
*  non-response not an 155ue

Disadvaniages: Any one of
* ot possible to estimate sampling errors

s interviewer choice and may not be able to
udge easily/may lead to bias

*  non-response notrecorded
* non-random process

b Advawtages any one of
*  random process so possible to estimate sampling errors
* free from bias

Disadvaniages: any one of
* not suitable when sample size 13 large

* sampling frame required which may not exist or
may be difficult to construct for a large population

© Pearson Education Ltd 2C
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Review Exercise 1
Exercise A, Question 6

Question:

A report on the health and nutrition of a population stated that the mean height of
three-year-old children iz 90 cm and the standard deviation 12 5 cm. A sample of 100

three-year-old children was chosen from the population.
a Write down the approxmimate distribution of the sample mean height Give a

reazon for your answer.
b Hence find the probability that the sample mean height iz at least 91 em. E

Solution:

- i 52 !
a XN 90, = |ie N (50,025
L7 100

Application of Central Limit Theorem

(az sample large)
i x—
/ Using z=——.
91—90J =

b PiXz9ly=1-P|Z =
¢ ) ( 0.25 n

=1-P(Z<2) T

=1-0.9772 Tou do not interpelate so
= 00228 round your z value to 2
decimal places and use the
tables or use a graphical
calculator.
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Review Exercise 1
Exercise A, Question 7

Question:

A machine produces metal containers. The weights of the containers are normally
distributed. A random sample of 10 containers from the production line was weighed,
to the nearest 0.1 kg, and gave the following results

4977, 503, 510, 455 459
5001, 502, 500, 496, 497

a  Find unbiaszed estimates of the mean and variance of the weights of the population
of metal containers.

The machine iz zet to produce metal containers whose weights have a population

standard dewiation of 0.5 kg

b Estimate the limits between which 25% of the weights of metal containers lie.

¢ Determine the 9% confidence interval for the mean weight of metal

containers. F
Solution:
: SR - axt

£y 25 001,74 — 10 50° Tsing —'—1 ar

= —

9
.2
=0193 s _=2 |
a—1l =

b Limits are 50+£1.96x0.5
={4902, 5093

+—99% confidence interval so each tail 1=
0.005. Tse the percentage point table and
0.5 gquate the figure in full.

J]T;]) T e

Nn

Final answers should be given to at least
3 significant figures.

¢ Confidence interval 13

(50— 2.5758/£, S04 25758 %

J1o

= (49.593,50.407)
= (49.6,50.4) 4
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Review Exercise 1
Exercise A, Question 8

Question:

& school has 15 classes and a simth form. In each class there are 30 students. In the
sizth form there are 130 students. There are equal numbers of boys and girls in each
clags. There are equal numbers of boys and girls in the zizth form. The headteacher
wishes to obtain the opinions of the students about school uniforms,

Ezxplain how the headteacher would talee a stratified sample of size 40, E

Solution:

Total in school = (15 300 +150 = &00

Heed arandom sample of E < 40 *+—To describe a stratified sample

600 your need to
1) work out how many people to take
e from each strata,

and a random samnple of ——— x 40 21 explain how to collect the sample
0 from each strata.

=2 from each of the 15 classes

=10 from sixzth form;

Label the boys in each class from 1-15 and the gitls from 1-13.

TTze randotm numbers to select 1 girl and 1 boy from each class.

Label the boys in the sizth form from 1-75 and the girls from 1-75.

Tze random numbers to select 5 different boys and 5 different girls from the
sizth forem.

© Pearson Education Ltd 2C
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Review Exercise 1
Exercise A, Question 9

Question:

A wotlcshop makes two types of electrical resistor,
The rezistance, X ohme, of resistors of Type A iz such that X ~ F20,4%.

The resistance, ¥ ohms, of resistors of Type B 15 such that ¥ ~ N{10, 0843

When a resistor of each type iz connected into a circuit, the resistance £ ohins of the
circuit is given by R=X +F where X and ¥ are independent.

Find

a E(R),

b Var(A),

¢ P(2B9<R<3264) E

Solution:

a E(R)=20+10=30 +— Tlsing E(X +¥)=E(X)+E().

b Var(R) =4+0.84
=484

1 Tsing Var(X +F) = Varl X + Var(F) .

e Rea1(30,4.84)
P(28.9 < R <3264)=P(R <32.64) - P(R < 28.9)

=P| 2{32.64 30 |—P|Z=i 28.9-30 | < —
22 ) N 2.2 Using z ==
=P(Z <1 2 =P(Z <—0.5) o
= 08849 -(1-06919)
= 0 8349 —0 2085 *— Look z up in the tables or use a
05764 graphical calculator.
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Review Exercise 1
Exercise A, Question 10

Question:

The drying times of paint can be assumed to be normally distributed & paint
manufacturer paints 10 test areas with a new paint. The following drying times, to the
nearest minute, were recorded.

B2, 98,140,110, 90,125,150, 130,70, 110,

a Calculate unbiased estimates for the mean and the variance of the population of
drying times of this paint.

g1ven that the population standard deviation 15 25,

b find a 95% confidence interval for the mean drying time of this paint.

Fifteen similar sets of tests are done and the 95% confidence interval 1z determined

for each set.

¢ Estimate the expected number of these 13 intervals that will enclose the true wvalue

of the population mean L. E
Solution:
5 ,\I_f_82+98+14U+110+90+]25+150+130+?0+]10
- K 10
=110.5
q . T_Xz—.’ﬂfz » T‘_xz 1
,  128155-10=110.5 Taing = of = -
&= w—1 =1l »
9
= 67228

b 95% confidence limits are

110.5+1.96 /E

J10

= (95.005,125.995)
= (95.0,126)

95

¢ Iumber of intervals = —»

© Pearson Education Ltd 2C

15=1425

-

95% confidence interval so each tail is
0,025, TUse the percentage point table and
guote the figure in full.

B oy e

T

Anewers should be given to at least 3
significant figures,
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Review Exercise 1
Exercise A, Question 11

Question:

Some biologists were studying a large group of wading birds. & random sample of 36
were measured and the wing length, x mm, of each wading bird was recorded The
results are summarised as follows.

> x=6046, 35" =106 338.
a  Calculate unbiased estimates of the mean and the variance of the wing lengths of

these birds.
Giwen that the standard deviation of the wing lengths of this particular type of bird iz
actually 5.1 mm,
b find a 29% confidence interval for the mean wing length of the birds from this

aroup. K
Solution:
(6046 )
a xT=|——=|[167.94._
\ 36 )
r i - S / 2 4
o _1016338-36x% s b3 v i ‘Ex )
25 n—1 n=1l =
=270

99% confidence interval so each
51 tail 1z 0.005 Tse the percentage
=167 94+ 25708 — point table and quote the figure in

36 full

CL: ¥+2.5758x—

N

: . al
b 55% confidence interval1s: ¥ 225708 x—
f 36

= (165.75,170.13)

= {166,170 *+— Answers should be given to at
least 3 significant figures.

© Pearson Education Ltd 2C
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Review Exercise 1
Exercise A, Question 12

Question:

The weights of adult men are normally distributed with a tmean of 84 kg and a

standard deviation of 11 kg

a  Find the probability that the total weight of 4 randomly chosen adult men is less

than 250 kg

The weights of adult women are normally distributed with a mean of 62 kg and a

standard dewiation of 10 kg

b Find the probability that the weight of a randomly chosen adult man 1z less than
one and a half times the weight of a randomly choszen adult woman. E

Solution:

a X =M +M,+M,+M,

*+— Since we are adding we use

E{i =4x34 E(X +X,)=E(X)+E(X,) and
= 336 Var (X 4+ X0 =Var (X)) + Var(4,).
Var(X)=4 =11
=484 or 22
X o B(336,22%)
[ 350—- 334 -« —
P(X <350)=P| Z =« —— | gt
22 / 'a)
=B(Z <0.64) *+— Tou do not interpolate 20 round
= 0738 or 0,739 wour z value to 2 decimal places

b M~ N(84.121) and W~ N(62,100)

Let ¥ =M —1.5W
E(Y) =84—15%62=—9

and use the tables, oruse a
graphical calculator.

<+ Using E(X, —&X,) =E(X) - 2E(X,)

Var(F) = Var(M) +1. 5V ar(F)

=11*+1 5 =10
=344

0—(=9) )
J346 )

=P(Z <0.48)

= 0.684 ~ 0,636

PEF <0)=P|Z<

© Pearson Education Ltd 2C

and

Var(X,—bX,) = VartX)) +5*Var(X).

S|

x—Uu

TTeing =z =
o

«-—

Tou do net interpolate 5o round your z
value to 2 decimal places and use the
tables or use a graphical calculator,
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Review Exercise 1
Exercise A, Question 13

Question:

A& researcher is hired by a cleaning company to survey the opinions of emplovees on a
proposed pension scheme. The company employs 33 managers and 425 cleaners.
To collect data the rezearcher decides to give a questionnaire to the first 50 cleaners
to leave at the end of the day.
a  Give 2 reasons why thiz method is likely to produce biased results,
b Ezplain briefly how the researcher could select a sample of 50 employees using

1 asystematic sample,

n astratified sample.
Tsing the random number tables in the formulae book, and starting with the top left
hand corner (2) and working across, 50 random numbers between 1 and 530 inclusive
were selected. The first two suitable numbers are 384 and 100
¢ Find the next two suitable numbers. E

Solution:

a  Only cleaners — no managers 1e. not all types.
ar ot a random sample; 15t 30 may be in same
shift/greupishare zame views.

b 1 Label employees (1-5500 or obtain an ordered list
=elect first using random numbers (from 1-11).
Then select every 11th person from the list
e.g if person 8 is selected then the sample 15 8, 1%, 30, 41, ... 247

1 Label managers (1-55) and cleaners (1-4935)
TTze random numbers to select..,

1] .0 managers and 45 cleaners

¢ 390,572 (They must be in this order)

© Pearson Education Ltd 2C
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Review Exercise 1
Exercise A, Question 14

Question:

A zociologist is studying how much junk food teenagers eat. & random sample of 100
temale teenagers and an independent random sample of 200 male teenagers were
asked to estimate what their weekly expenditure on junk food was The results are

sumnmarised below.

n mean 5.
Female teenagers 100 £5.48 £5.62
Male teenagers 200 £6 86 £4.51

a Using a 5% significance lewel, test whether or not there 15 a difference in the mean
amounts spent on junk food by male teenagers and female teenagers. State vour

hypotheses clearly.

b Explain briefly the importance of the Central Limit Theorem in thiz problem. K

Solution:
a Hy pp=i,, Hi:ug=1,, —
_ 6.86—-548
-4.512_|_3.622 .
200 100
= 2860 ..

This 1z a difference of means test.

2-tail 2% critical value (+) 1.96
2860 =>+1.900

=ignificant result or reject the null hypothesis,

There 1z evidence of a difference in the
{mean) amount spent on junk food by male
and female teenagers.

(A= F)—{py—uy)

2 ]
cSa Wtd”)
Ry Mg

TTaing =z =

Tze the percentage point table and
guate the figure in full,

*+— State your conclusion in the context
of the question,

b CLT enables us to assume & and M are normally distributed.

© Pearson Education Ltd 2C
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Review Exercise 1
Exercise A, Question 15

Question:

a  State two reasons why stratified sampling might be chosen as a method of
sampling when carrying out a statiztical survey,
b State one advantage and one dizadvantage of quota sampling. K

Solution:

a Population divides into mutually exclusive/distinct groups/strata.
Its results will best reflect those of the population since the sample structure
reflects that of the population.

b Advawtages Any one of
o enables fieldwork to be done quickly
o costs keptto a minimum
o administration is relatively easy

Disadvantages: Any one of

o non-random o not possible to estimate sampling errors
o subiect to possible interviewer bias

®  non-response notrecorded

© Pearson Education Ltd 2C
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Review Exercise 1
Exercise A, Question 16

Question:

A sample of size 5 is taken from a population that i3 normally distributed with mean
10 and standard dewiation 3. Find the probability that the sample mean lies between ¥

and 10,

Solution:

E

X~ N(10,3%) - X~ AC10, )

P(7=X =10

[? 10{2{0] -t

x—U
Tsing z = ——
o)

A

=P(-2.236 < Z < 0)
= D) { 1- D(2.24))

Tou do not interpolate so round your
zvalue to 2 decimal places and use

=04875 +— the tables, or use a graphical

© Pearson Education Ltd 2C
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Review Exercise 1
Exercise A, Question 17

Question:

A computer company repairs large numbers of PCs and wants to estimnate the mean
titme to repatt a particular fault Five repairs are chosen at random from the company's

records and the times talcen, in seconds,

205 310 405 185 320

are

a Calculate unbiased estimates of the mean and the vanance of the population of
repatt times from which this sample has been taken.

It iz known from previous results that the standard dewviation of the repair time for this

fault 12 100 zeconds. The company manager wants to ensure that there is a probability

of at least 0.95 that the estimate of the
true value.

population mean lies within 20 zeconds of its

b Find the minitnum sample size required. E

Solution:

a Let X represent repair time

a ¥ a3 % =287

Y xt =442 575
,  442575-5x% 287
SET =
|
= 76825

-

Tsing = ot
w—1 w—1

T‘Xz—.’zfz H ['\_T‘.x:! _2]
—X |

b P(u-[)<20=095 |

~196%x T —9q

T

The repair titne is between 80 and 120, 9%
confidence interwval 3o each tail 18 0.025 TTse the
percentage point table and quote the figure in full.

IR )

N

_196*c*  196%*  1.96° x100°

=96.04

207 400 400

Somample size (=) 97 required

© Pearson Education Ltd 2C
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Review Exercise 1
Exercise A, Question 18

Question:

The random variable 215 defined as

D=4-3544C
where A~ (5,27, B o N7, 3 and O ~ (9,49 and A, B and ¢ are independent,
a Find P{D < 44).
The random wvariables B, B, and B, are independent and each has the same
distribution as B The random variable X 15 defined as

3
X=A-YB+4C

i=1

b Find P{X =0). E
Solution:
a E(Dy=E{D-3E(BY+4E(C) <+ |Using E(aX £ 51 =aE{X) £ E(I)
=5-3x7+4x3
=20
War(D) = Var (A + 9WVar(8) +16WVar (i) Using 5 5
+ = +
L TN S— Var(aX T =a Var(X) T & Var(¥) .
=341
: x—u
P(D < 44) =P(z{44 20] - Using z==—=.
~341
=P{z=1.30)
= 0.9032 *— You do not interpolate so round your z
’ value to 2 decimal places and use the
tables, or use a graphical calculator.
b E{X)=20
- - 3
WVar(A) = Var{A)+3Var (B) +16 Var () X = A-YBi4c
=2 43% 3 +16x4° =
E e = A-(B+B+B)+4C
—20 -+ — N
P(X>O)=P[z> ] Tei T
287 R g
=DPiz »-1.18)
=0.8510 *+— You do not interpolate so round your z
=0.881(3:0) value to 2 decimal places and use the

tables, or use a graphical calculator.
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Edexcel AS and A Level Modular Mathematics

Review Exercise 1
Exercise A, Question 19

Question:

A manufacturer produces two flavours of soft drink, cola and lemonade. The weights,

C and L, in grams, of randemly selected cola and lemonade cans are such that

C e M(250, 8 and L~ {345,170

a Find the probability that the weights of two randomly selected cans of cola will
differ by more than 6 g

One can of each flavour is selected at random.

b Find the probability that the can of cola weighs more than the can of letnonade.

Cans are delivered to shops in boxes of 24 cans. The weightsz of empty boxes are

normally distributed with mean 100 g and standard deviation 2 g

¢ Find the probability that a full box of cola cans weighs between 851 kg and
o2 kg

d  State an assumption you made in your calculation in part K

Solution:
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a  Let =0 - :
- Using E(X - =E(X)-E(T)
E(W) =350-330=0
Var(W)=8+8 4—0u_ ==
—16 TTaing Varl X — Py =Var{ X+ Var(¥)
S e MU0, 16)
SPW6) = 2P0 = 6)
/ -0 Tsaing =z = pin
=2xP| Z> ] o
=2xP{d =15
= 2x{1-09332)
=0.1336
b Let W=C-1 _
EQW) = 350-345=5 | Using E{X -F)=E{X)-E()
Var (W) = 8417 S
— 55 Taing VarlX - =Var( A+ Var(¥)
S e TS, 250
P(W:bD)—P(Z‘:* —5] *—If you have used W =L - then
V25 P(Wc0}=P(z<(0_(_5)]
=P(Z <-1) 25
= 0.8413 =Rl&<n
¢ Let =0+ +0,+5 *+— A full box consists of 24 cans and a
box

~E(W) = 24 %350+ 100=8500
Var(W) = 24 x 2+ 22 =196

8510-5500

/196

PES10=F <8520) =P(

=P(0.71...=Z =143}

=09236-07611
= 01625

{or 0.16096 directly fom calculator)

-

=2 =

since we are adding we use
E(X+XA)=E(X)+E(X,) and
Var (X + X)) =Var (X)) +Var( A,

J

8520-8500
196

Page2 of 3

“*— TTnits must be consistent so

x—u
use £=

la)

change them all to grams and

Tou do not interpolate 50
round your z value to 2
decimal places and use the
tables, or use a graphical
calculator,

d All random variables are independent and normally distributed.
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