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A manufacturer produces sweets of length L mm where L has a continuous unifrom distribution
with range [15, 30].

(a) Find the probability that a randomly selected sweet has length greater than 24 mm.
(2

These sweets are randomly packed in bags of 20 sweets.

(b) Find the probability that a randomly selected bag will contain at least 8 sweets with length
greater than 24 mm.

(&)

(c) Find the probability that 2 randomly selected bags will both contain at least 8 sweets with
length greater than 24 mm.

2

A test statistic has a distribution B(25, p).

Given that
Ho:p=0.5, Hi:p#0.5,

(a) find the critical region for the test statistic such that the probability in each tail is as close as
possible to 2.5%.

(&)
(b) State the probability of incorrectly rejecting Ho using this critical region.
2

(a) Write down the two conditions needed to approximate the binomial distribution by the
Poisson distribution.

(2

A machine which manufactures bolts is known to produce 3% defective bolts. The machine
breaks down and a new machine is installed. A random sample of 200 bolts is taken from those
produced by the new machine and 12 bolts are defective.

(d) Using a suitable approximation, test at the 5% level of significance whether or not the
proportion of defective bolts is higher with the new machine than with the old machine.
State your hypotheses clearly.

(7
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The number of houses sold by an estate agent follows a Poisson distribution, with a mean of
2 per week.

(a) Find the probability that in the next four weeks the estate agent sells
(1) exactly 3 houses,

(i1) more than 5 houses.

©))
The estate agent monitors sales in periods of 4 weeks.

(b) Find the probability that in the next twelve of those 4 week periods there are exactly nine
periods in which more than 5 houses are sold.

(&)
The estate agent will receive a bonus if he sells more than 25 houses in the next 10 weeks.

(c¢) Use a suitable approximation to estimate the probability that the estate agent receives a
bonus.

(6)
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The queuing time, X minutes, of a customer at a till of a supermarket has probability density
function

ix(k—x) 0<x<k,
32
f(x) =

0 otherwise.

(a) Show that the value of £ is 4.

“4)
(b) Write down the value of E(X).

1)
(c¢) Calculate Var (X).

“4)

(d) Find the probability that a randomly chosen customer’s queuing time will differ from the
mean by at least half a minute.

(&)
A bag contains a large number of balls.
65% are numbered 1
35% are numbered 2
A random sample of 3 balls is taken from the bag.
Find the sampling distribution for the range of the numbers on the 3 selected balls.
(6)
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7.  The continuous random variable X has probability density function f(x) given by

2

Ll 0<x<3,

45

1

— 3<x<4,
fx) = 1°

1 x

——— 4<x<10,

3 30

0 otherwise.

(a) Sketch f(x) for 0 <x < 10.

“4)
(b) Find the cumulative distribution function F(x) for all values of x.
8
(¢) Find P(X<8).
(2)
8. In alarge restaurant an average of 3 out of every 5 customers ask for water with their meal.
A random sample of 10 customers is selected.
(a) Find the probability that
(i) exactly 6 ask for water with their meal,
(ii) less than 9 ask for water with their meal.
(3

A second random sample of 50 customers is selected.
(b) Find the smallest value of nsuch that
P(X<mn)>0.9,
where the random variable X represents the number of these customers who ask for

water.
3

TOTAL FOR PAPER: 75 MARKS

END
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Summer 2012
6684 Statistics S2
Mark Scheme

Question Scheme Marks
Number
1@) P(L>24) :1_15 x6 M1
Al
-2 or 0.4 oe @)
(b) Let X represent the number of sweets with 24
X~B(20, 0.4) M1
PX=>=8)=1-PX<7) Mldep
=1- 0.4159
=0.5841 awrt 0.584 Al
3)
(c) P(bothX = 8) = (0.5841) M1
=0.341... Al ft
2)
Total 7
notes
1(@) M1 1—15><(6 or 5.5 0or 6.5 or (30 — 24)) or 1% ((24 —15) or (23.5-15) or (24.5-15))

(b)

(c)

M1 usingB(20, “their (a))
M1 dependent on®1M1. Writing or use ofl. — PK <7)

NB Use of normal/normal approximation/ Poisson/umfagets MO MO AO

M1 (their(b)¥ or (0.58F or (0.58413 or (0.5843
Alft —either awrt 0.34 or follow through theinswer to part (b) must be to 2sf or better,

Note you will have to check this.




Question Scheme Marks
Number
2.(a) X~ B(25,0.5) may be implied by calculations in part a or pM1

P(X < 7) =0.0216

PX = 18) = 0.0216

CRX <7, 0X=218 Al,Al

3)
(b) P(rejecting i) = 0.0216 + 0.0216 M1
=0.0432 awr0432/0.0433 Al
(2)
Total 5

Notes
2(a) M1 - Using B(25,0.5) — may be implied by areat critical region or by calculations in partrabo

Note Just seeing either)P£ 7) or PK> 18) scores M1 A0 AO.

You may need to check their probabilities in tHad¢a for values other than 7 or 18.

1' Al —also allowX < 8 or [0,7] or & X< 7 or0< X< 8 oe e.g. [0, 8) or a full lis

DO NOT allow CRs given as RE7) or 7 — 0 for the A mark.

2" Al —also allowX > 17 or [18,25] or 18 X < 25 or 17<X <25 oe e.g. (17, 25]

or a full list

DO NOT allow CRs given as K(>18) or 18 - 25 for the A mark.

SC 7= X =218 gains M1 Al AO.
(b) M1 — adding their two critical regions’ prohliies together or may be awarded for

awrt 0.0432

If they add their critical regions’ probabilitieadthen go on and get a different
probability as their answer then it is MOAO

e.g. 0.0216 + 0.0216 = 0.0432 then 0.05 — 0.648D068 gets MO A0

e.g. 0.0216 + 0.0216 = 0.0432 < 0.05 rejegyets M1 Al

e.g. 0.0216 + 0.0216 = 0.0432 so probabilityepécting H is 1 — 0.0432 = 0.9568
gets MO AO




Question Scheme Marks
Number
3(a) n — large/high/bigh >50 Bl
p — small/close to Op < 0.2 Bl
(2)
(b) Ho: p=0.03 H:p>0.03 B1,B1
Po(6) B1
PX>12) =1-PX<11l) or ®& 10)=0.9574 M1
=1-0.9799 P(>11)=0.0426
=0.0201 CK>11 Al
(0.0201 < 0.05)
Reject H or Significant or 12 lies in the Critical region. M1 dep.
There is evidence that the proportion of defechiglts has increased. Al ft
(7)
Total 9
(b) Notes

1% B1 for Hy: p = 0.03

2" B1 for H; : p>0.03

SC If both hypotheses are correct but a diffeketter top is used they get B1 BO

Also allow B1 BOfor H:A=6and H: 1>6

B1 writing or using Po(6)

One tail

1" M1 for writing or using 1 - { < 11) orgiving PX < 10) = 0.9574r giving PK >=11) =
0.0426. May be implied by correct CR or probap#it0.0201

1" A1 for 0.0201 or C =11/X>10.NB P(X <11) = 0.9799 on its own scores M1A1

2" M1 dependent on thé'IM1 being awarded. For a correct statement baseHeotable below. Do ng
allow non-contextual conflicting statements eg figigant” and “accept bf. Ignore comparisons

2" Al ft for a correct contextualised statement. NBorrect contextual statement on its own scores
M1AL.

0.05<p<0.95 p<0.050mp>0.95
2" M1 | not significant/ acceptddNot in CR significant/ reject filn CR
2" AL Theproportion/number/amount/percentage | Theproportion/number/amount/percentage
oe of defective boltshasnot increased/is not | oe of defective boltshasincreased!/is higher/oe
higher/oe
Two tail

1%'M1 for writing or using 1 - B{ < 11) or giving PX =12) = 0.0201 or giving X(<11) = 0.9799.
May be implied by correct CR or probability = 0.020

%A1 for 0.0201 or CK =12/X>11.NB P(X <11) = 0.9799 on its own scores M1A1

2" M1 dependent on thé'IM1 being awarded. For a correct statement basédeotable below. Do na
allow non-contextual conflicting statements eg fifigant” and “accept kf. Ignore comparisons

2" A1 ft for a correct contextualised statement. AlBorrect contextual statement on its own scores
M1A1.

0.025 <p < 0.975

not significant/ accept #iNot in CR

The proportion/number/amount/percentage
oe of

defective boltshasnot increased/is not
higher/oe

p < 0.025 op > 0.975
significant/ reject filn CR

Theproportion/number/amount/percentage
oe of defective boltshasincreased/is higher/oe

2" M1
2" A1

Use of N(6,5.82) May get B1 B1 BO M1 (must use5)A0 M1dep Al ft




Question Scheme Marks
Number
4(a) LetX be the random variable the number of houses sold.
X ~Po(8) Bl
(i) _ e g’
PX < 3)-PK< 2)=0.0424-0.0138 or M1
=0.0286 awrt 0.0286 | Al
(i) PX>5)=1-PX < 5) M1
=1-0.1912
=0.8088 awrt 0.809 Al
(5)
(b) LetY be the random variable = the number of periods ehasre than 5 houses are
sold
Y~ B(12,0.8088) M1
LA
P(Y =9) = (0.8088)1 — 0.8088) g3 M1
=0.228 awr2psg Al
3)
(c) N(20,20) M1A1
- M1,M1,Al
PX>25)=1- P(ZSMJ
V20
=1-P4<1.23)
=1-0.8907
=0.1093/0.1094 awrt 0.109 | Al
(6)
Total 14
Notes
() 1st B1 for writing or using Po(8) in eithey @r (ii)
(i) -803
M1 writing or using PX<3) - PK<2) or e 8
(i) M1 writing or using 1 - PX< 5)
(b) M1 writing or attempting to usB(12,their (a(ii))) NB ft their a(ii) to at leass®

(c)

12 12
M1 g3 (a(ii))’(1- a(ii))’ allow'’C; or *C or 220 instead ofyg NB ft their a(ii) to at

least 1sf but an expression must be seen (No usdblek)

1" M1 for writing or using a normal approximation

1* A1 for correct mean and sd (may be given if edrin standardisation formula)
2" M1 Standardising using their mean and thearsai using [24.5, 25, 25.5, 26 or 26.5] and forifigd
correct area by doing 1 — P(Ztheir 1.23")

NB if they have not written down a mean and sd theyy need to be correct in the standardisatiagyaio
this mark.

3 M1 for attempting a continuity correction (260.5)

2" A1 for 1—25'5_20

J20

SC using PK< 26.5/25.5) — P{<25.5/24.5) can get M1A1 MOM1AOAQ

or +awrt 1.2 or better.




Question Scheme Marks
Number
5(a) k 3 _
L@X(k"‘)‘l M1
3 xE k Al
222 =1
32{ 2 3 L
3Kk 3k® 1 M1 dep
64 96
3Kk® - 2k* =64
k® =64
k4 Alcso
(4)
b [EX) =] 2 Bl
(1)
a _(*3 3, M1
c E(X)_L@X (4-x)
32 160]
_|3x4% 3x4°
| 32 160
= 4.8 Al
Var (X) =4.8-4 M1
=0.8 Al
(4)
2 3 25 2 3 15
d j —X(4- |3 _X or j15£x(4—x)= X M1
15 32 16 32]. 0 32 16 32
=£ =0.367187 =£ =0.3164062
€ 25¢
47 81 81 81
- —=—awrt 0.633 x ——=——awrt 0.633
128 128 256 128 MldepA(lg)
Notes Total 12

(@)

()

(d)

n+1

1°'M1 for an attempt tenultiply out bracke and for attempting to integratexf( Bothx” >

3(k X°
1%' A1 for correct integration. Ignore limits for theseotwarks NeedB_ZET —? oe

2""M1 Dependent on the previous M mark being awarfied correct use of correct limits and set eqoid. No need

: : o 3(4 4
to see 0 substituted irkor verifying they must hav —| — ——
32\ 2 3

3 3

2"A1 cso or for verifying%(% —%J = 1oeeg 3(4Y - 2(4¥= 64and a correct comment “k = 4”

n+1

1°'M1 attempt to multiply out brack and attemptingj Nai (X Limits not neededBothx” >x

2""M1 for their EK?) — (their mear?

1% M1 Multiply out brackets, attempting to integr (bothx” >x™%), with either limits (their(b'+ 0.5) or (their (b) —
0.5 and 0) Accept 2 sf for their limi

2" M1dep on gainingsiM1. 1- (using limits (their(bFDj} )y or 2% (using limits (tleir(b':' - 0.5 and 0)




Question Heme Marks
Number
6 Attempt to write down combinations at least one seen| M1
(1,1,1), (1,1,2nny order(1,2,2)any ordey (2,2,2) no extra comlbioas | Al
Range Oand 1 0 ahaonly Bl
[P(range = 0) =] (0.68)+ (0.35§ either range M1
03175 127 Alcao
40C
[P(range = 1) =] (0.35]0.65) x 3 + (0.65§(0.35) x 3
— 06825 273 Alcao
40C
(6)
Total 6

Notes

First M1 may be implied by either (0.6%)r (0.35Jor (0.65%(0.35) or (0.35)0.65)
First A1 may be implied by (0.65%nd (0.35Y and (0.65f(0.35)and (0.35¥(0.65)
No need fox3

2" M1 (p)°+ (1 —p)® or (L —p)(p) x 3+ @)*(L—p) x 3
. 254
Al for 0.3175 cao or exact equivalent e
g 88C

Al for 0.6825 cao or exact equivalent ez—gg

NB These probabilities do not need to be associaittdthe correct range




Question Heme Marks
Number
7(a)
Bl
Bl
Bl
Bldep
0.2,3,4,10
(4)
(b) 0 x<0
X3
— 0<x<3
1352 M1Al
X
F(x) = ——— 3<x<4
(x) 5 5 M1A1
X X 2
Z-Z = 4<x<10
3 60 3 M1Al
1 x>10
X 2
15'M1 For 0= X<3 F(x) :jt—dt
045
t3 }
135,
nd _pi, 1 _r1 1
2" M1 For 3 <x< 4, F§) = LEdHE or FK) —j gdx+Cand uses F(3)§
di
+ =
5, 5
39M1 For4=x<10 Fp) = L X g2 o F&) :J' 1_ X gx+cand uses
43 3C 3 3C
% or F(10) =1
2 X
Fo=|L-L | 42
3 60 5
Top line of F§) ie 0 x<0 Bl
Bottom line of FK) ie 1 x>10 Bl
(8)
8_8 2
F =°9_9°9° _
(©) ®) =253 M1
14 Al cso
=—=0.933
15 (2)

Total 14




(@)

(b)

(c)

Notes

1% B1 for a curve. It must start at (0, 0) and hdwedorrect curvature.

2" B1 for a horizontal line that joins the first seatof the graph (not by a dotted
line)

39 B1 for a straight line with negative gradient tfwhs the horizontal line and stop
on the positivex axis.

4" B1 dependent on first 3 marks being gained. Fedlyect graph with labels 0.2,
3,4,10 in correct places

For all the M marks, the attempt to integrate nhaste at least oné >x™*
All A marks are for the correct expressions andyesn

Do not penalise the use &instead of < ane instead of > .

15' M1 for attempt to integratfi—;dt ignore limits

2°M1

for attempt to integratejgxédt +theirF3) using correct limits.

or

for attempt to integratej'édx + C and substituting in 3 and putting = to their F¢B)
substituting in 4 and putting = to their F(4) fraheir 4= X<10 jine

3 m

for attempt to integrate.[:%-s—);dt +their F(4) using correct limits.

or

for attempt to integratej % %dt +C and substituting in 4 and putting = to their

F(4) or substituting in 10 and putting = 1

M1 substituting 8 into the"4line of their cdfor F(3) + F(4) — F(3) + F(8) — F(4) or

1- roi X (attempt to integrate needed) or use areaﬁe%]x 2><i or 1—i
8 3 3C 15 15

Al 14/15 awrt 0.933 from correct working.

NB If using F(3) + F(4) — F(3) + F(8) — F(4) the(xFmust be correct.




Question Heme Marks
Number
8(a) Let X be the random variable the number of customernggkr water.
0] X ~B(10,0.6) Y ~B(10,0.4) Bl
10 6 10
P(X = 6) =(06)°(04)* — ” P(Y=4) =(04)' (08 M1
= 0.2508... = 0.2508 awrt 0.251 |4
(i) X ~B(10,0.6) Y ~B(10,0.4)
PX<9)=1-(PK=10)+PK=9)) |PX<9) =1-P(Y <] M1
110
=1 4{06)"° 4
( ) (06) (O ) o =1-0.0464
= 0.9536... = 0.9536... awrt0.954 | Al
)
(b) X ~B(50,0.6) M1
Y ~B(50,0.4)
PX<n)>0.9
P(Y>50-n)>0.9 or R& 34) =0.8439 awrt 0.844
P(y<50-n)<0.1 Rk 35) =0.9045 awrt 0.904/0.905 M1
50 <15
n>35
n=35 Al
(3)
Total 8
Notes
(@) B1 writing or using B(10,0.6) / B(10,0.4)either part(i) or (ii)
(1) M1 (06)f(L- o6)'1E = AIIow 19Cs oe
or writing or usmg Fx <6) - PK <5) if using B(10,0.6)
or PK <4)- PK <3) if using B(10,0.4)
NB use of Poisson will gain MOAO
(i) M1 writing or using 1 — (P{=10) + PK =9)) if using B(10,0.6)
or
1-P(Y <1) if using B(10,0.4)
NB use of Poisson will gain MOAO
(b) 1% M1 for writing or using either B(50,0.6) or B(B04)

2"M1 P{>50-n)>0.90or PY<50-n)<0.1or PK< 34) = awrt 0.844 or (< 35) = awrt
0.904/0.905 or50Rr=150r50-n=16 or 50 -n <15 or 50 -n< 16 — allow different letters

Al cao 35. Do not accept> 35 for final Al.

SC use of normal.
M1 MO AO for use of N(30,12) leading to an answkB%




