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1. The discrete random variable X has probability distribution

X -2 -1 0 1 3

P(Y=x) | 025 a b a 030

where @ and b are probabilities.

(a) Find E(Y)

Given that Var(X) = 3.9

(b) find the value of @ and the value of b

The independent random variables X; and X, each have the same distribution as X'

(¢) Find P(X, + X, > 3)

o) ELA = -2(0-29) -1 (o) +0(b) +1(uw) + 3(03) ()

= ouw @
o) Recall bt Var(x) = EGT (D)

@)

“)

3)

EGAL = (-0 (005) 4 () () + 0 0) 412 (w) + 2H{0.3)D

D £l = 33 42

> Vur(x) = 27 +2a-(0.5)* O
D D 4= Qa+3.5k%

5 a=018 0

The son o ‘)rob~bilil-'e; (Alvdmas add vp 6o |.

OLStT O+b+er 0.3 = |
= Qatb=0-L3
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Question 1 continued
= 9.26 +b =0-LS5
2 b=o0.09 ©

LESNQ)
Pr(x=1 A X2z%) = afon)

Pr(%=3n == 03(«)

P (%= 3~ x223) = 0.3(03)()

l’, we  add bhese eoaeéher , e 866
0.3(0.18) % 03(013)+ 0.3%

= 0.19% ()

d Twe Ise of Combinabons  afe 143, 3+ or

(Total for Question 1 is 9 marks)
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2. Telephone calls arrive at a call centre randomly, at an average rate of 1.7 per minute.
After the call centre was closed for a week, in a random sample of 10 minutes there
were 25 calls to the call centre. o <
o &
(a) Carry out a suitable test to determine whether or not there is evidence that the rate g <
of calls arriving at the call centre has changed. = ;
Use a 5% level of significance and state your hypotheses clearly. g ;
@ - E
Only 1.2% of the calls to the call centre last longer than 8 minutes. 5 §
One day Tiang has 70 calls. o =
> z
(b) Find the probability that out of these 70 calls Tiang has more than 2 calls lasting = o
longer than 8 minutes. > B
3)
The call centre records show that 95% of days have at least one call lasting longer than
30 minutes.
On Wednesday 900 calls arrived at the call centre and none of them lasted longer than
30 minutes.
2 o
(c) Use a Poisson approximation to estimate the proportion of calls arriving at the call o u
centre that last longer than 30 minutes. % <
“) ;,' é‘
= Lo
. 5 =z
O\) H°-' =17 Thes s lox)? becuose ; w
we hwe w ruadom 3 §
H: w#172 sample o[ 10 mintes. & 5
AV >
o) Z
= 8
Rssome bt X ~ Po(17) ()
Pe(x >28)= | = Pr(x £21)
= 0.0 LQOé)L(»G Us\mu a  calwlubor o
¥ B
. Z <
We have o buwo Euled kest so e Compure S &
Ehis ik 2.5 = s £
2 =z
5K
0. 0kO6Y I ©.925 z E
55
Do ok ‘ejeck Ho  us bhere s ;2
insofficent  evidence Of w c,lnwae/ ‘a Tabe Lol
0{— Ca \s. ®
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Question 2 continued

b) We have o Aumber o’[, tecals
have o peobubili so We  USe
binomial - disbribotbion.

Leb Y~ BEA(W'O,O-OD.] ()]
Pe (V3D = V=0 (VY ¢\ D

o) C~ (900, )
So (,,%'»Pe(%oﬁ 0)
Recal)  Ewe P‘}‘f for Po»‘ssm s

Pr’(x = x,): S
x !

Pr(c=0)= 0.05
- - 608 O
5 ~900¢ = Iafo.05) (D

9 p= —la(0.09)
~ Qoo

> P= 0.00333 () a\opw*\‘MutcLlj

andh  we

oA

= 0. 0513 @ 05;1\:) o culevlubor,
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3. Ina class experiment, each day for 170 days, a child is chosen at random and spins a
large cardboard coin 5 times and the number of heads is recorded.
The results are summarised in the following table.
Number of heads 0 1 2 3 4 5
Frequency 3 10 45 62 38 12
Marcus believes that a B(5, 0.5) distribution can be used to model these data and he
calculates expected frequencies, to 2 decimal places, as follows
Number of heads 0 1 2 3 4 5
Expected frequency r 26.56 K K 26.56 r
(a) Find the value of r and the value of s
3)
(b) Carry out a suitable test, at the 5% level of significance, to determine whether or not
the B(5, 0.5) distribution is a good model for these data.
You should state clearly your hypotheses, the test statistic and the critical value used.
(6)
Nima believes that a better model for these data would be B(S, p)
(c) Find a suitable estimate for p
¢V}
To test her model, Nima uses this value of p, to calculate expected frequencies as follows
Number of heads 0 1 2 3 4 5
Expected frequency 2.07 14.65 | 41.44 | 58.63 | 4147 11.74
The test statistic for Nima’s test is 1.62 (to 3 significant figures)
(d) State,
(i) giving your reasons, the degrees of freedom
(ii) the critical value
that Nima should use for a test at the 5% significance level.
@A)
(e) With reference to Marcus’ and Nima’s test results, comment on
(i) the probability of the coin landing on heads,
(ii) the independence of the spins of the coin.
Give reasons for your answers.
2)
A
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Question 3 continued
o) Let X ~B:A(S.o.6)

Pr(x=0)= 0.03125 (9

r =130 0.0325=5.225 0 Asble buble is for

Pv(x =2) = ©:-312% e dwf‘

= 130 % 0.3125 =53.025 ()
b\ Ho- (5:,\(5,0-3) s« Suitable model.

Hie B (5,9.5) is nob o suiteble model. (1)

Recall Ehab oor best  stalisbc

X== 0& -N

&

W can Vse s ofmule  as none_ D'L
ovr  Ei walues ave less  bhan 5.

X*= 2 40 4 kst 62% ¢ 38% 1P -1Fo ()

~ 2656 S S 26-56 r
= x = 23IL0
N=6 3% We hwe S Jeorw OI, frcelon.@

COMPo.r& Ewis Wit Ehe Y= bable. ani
wer © have- o crikeal Yalve of .ot @

23.4 D h.oF
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Question 3 continued
S0 we reyect  Ehe ol hopoéhesu as Ehere
s evidere” Ehub  Marcos? model s
nok o goodh f{b. 0)
) Recall et i X~ Bin(n,p), ECGL=1ap
on EE*:(: 2)1- Pr(?‘ '—‘x)

Sp= (o x 3\« (u _l_)+ (2>< L»_S,)»f(zx 62\ +

130 '3 130 V70
(uxzi)Jr(sx n_) = a3
V3o 170 136

3 = 0586 0]
J\) i) Becaose  Ene foec(:e\k 1lr \x/\cj 0}‘0’

isless Enan 5, we' huve o colapse.
éV\lé/ rsls . Eno colvﬂmsée(:o Mmuke o 'S0 ort
coloma wbth wn  @xpectes reqoent, O
1672, © P Frey=sy o

We a'so hawe an esbmabor for y,
So Ews 5 andther Consbrant,

Sa 5-2-=1230)

\\) We dgula  Ompure  wibh the YU* d-'ﬂ:l-'bobm‘
ond we  hwe o Cribcl wuveop  J.BS. 0

@)i) Nima's  model 15 o ngo ook [it a5 €he
kest  Statsbe W =j lot  loJer €hun
the  (ritical valoe, S0 Ewe Pr‘obw‘»?hb of o~

Weadk s u?p/oimub 0.6 ®
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Question 3 continued
it) Nimas test 50336565 biromiul s o amd.
Model  ank b\/\cre,‘core, u'mk,peqdence_ of
5?21\5 15w vreasondle  assomption. O
(Total for Question 3 is 15 marks)
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. There are 32 students in a class.

Each student rolls a fair die repeatedly, stopping when their total number of sixes is 4
Each student records the total number of times they rolled the die.

Estimate the probability that the mean number of rolls for the class is less than 27.2
(6)
This s o peaabive  binom el
X ~ Npia (L\-,\/G) 0]
Fror\ Eve for'muh« hooklet , e huve Ehub
EEX]= _TP; i \/o.r(x\= r’(\—P)
2
o) P
bk =2k, o= b(-ve) =120
[2) (Mve)

B\\) tve  Ceabrd Limit Theorem,

M=

X~N(m, %) O
> S‘(NN('J_I»,,'N/SQ
o K~n(14,3.75) @
Pr( X £23.2) = 0.951 0 US:I\O calcolubor,
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5. A machine fills cartons with juice.

The amount of juice in a carton is normally distributed with mean # ml and standard
deviation 8 ml.

A manager wants to test whether or not the amount of juice in the cartons, X ml, is less
than 330 ml. The manager takes a random sample of 25 cartons of juice and calculates
the mean amount of juice ¥ ml.

(a) Using a 5% level of significance, find the critical region of X for this test.
State your hypotheses clearly.

)
The Director is concerned about the machine filling the cartons with more than 330 ml
of juice as well as less than 330 ml of juice. The Director takes a sample of 55 cartons,
records the mean amount of juice y ml and uses a test with a critical region of

{¥ <328} U {¥ >332}

(b) Find P(Type I error) for the Director’s test.

2)
When = 325 ml
(c) find P(Type II error) for the test in part (a)

2)

a) Ho: M=% >—<'~N(M, ) b
H: M0 O twe @nﬁml

. Limt T\\cofem.
X~N( 330, 6%4s) ©

=) R~N(3bo,2.56)
Pr(X< 2)= 0.05

9 Z = 327.3638 ® Vs o Culevlabor
B X3 © (Iwerw_ Norml)

b) Rejeck Ho ihen Ho is brve.

\;~N(3'bo, 3%
53

Pe( Y < >23) % Pr(¥ 2 332)

J

14

0. 0 00 OO —_—
P 7 4 0 8 0 A0 1 4 2 4

Mt

V3YY SIHL NI ILI¥M ION O

Y34V SIHL NI 3LIM 1ON O

Y34V SIHLNI 3LIHM LON O

A O N N N SV NNV NT 4N, N S AN A A AN A WO PN

o e e e o Ny



Y34V SIHLNIILIYM ION Od V3YY SIHLNI ILIHM LON OQ

Y34Y SIHLNITLIHM LON-OG

DO NOT WRITE INTHIS AREA

DO NOTWRITE IN THIS AREA

DO NOT WRITE IN THIS AREA

PhysicsAndMathsTutor.com

-~

Question 5 continued
=2p0(¥<¢328) (D
= 0.0637 ©® USEAJ o Calevlabor
0 Fuil to vejeck Ho uhen Ho s false.
R~N( 325, f—;)

= 0.0694 O

0)
Pr(x > 327 .263| »=325) = |- (% <B2736))
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6. The discrete random variable X has probability generating function

2

t
G =——
(0 (3-2)

(a) Specify the distribution of X'

A fair die is rolled repeatedly.

(b) Describe an outcome that could be modelled by the random variable X'

(c) Use calculus and G y(f)to find
(i) EQ)
(i) Var(X)

The discrete random variable Y has probability generating function
I|ﬂ

G=——
0 (3-20)

(d) Find the exact value of P(Y = 19)

o) Look ab bhe “P.G.F  colomna
fofMo\o._ bookleb.

A b o (e

where r =2

X~ NeaB:/\ 2.0 0
pL = 6
1=V -p)- 3-28

= 3Pk =_¢&
3 -3i-p)k 3-26

@)

1)

(&)

3)
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Question 6 continued
So ZP =1 ank 3(\-9\ =2
2 p='i3
XN NQDB:A (2,, \/3) @

b): Model  Avmber o) volls oL o - die
\ ) EO wchieve 5 w}e ewitz. @ Fa

%) Reca kit
EGA= 6L (N, \ur(X)= 6% (1)~ G 0) - (L0
Gxlbr= £*(3-26)"2 ©
B (6)= 26(3-286)" + ue(:%—v.b)zs _
2GX0) = L(3-1) + L (3-2) =¢
Herce E(X) =6 ©
i) Gy (6= 2(3-28) 5 8EB3-28 443102 12023207 O
5 Cu()) = 2(3-2) ¥ 3(1)(3-2) +8()(3-2) r 26()(3-2)
2420
= Var (X)= L2 +6£D<." =2 0O
8) Gy = 6" (3-263)"

)0

\

bJ Prodnt Role.

J
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Question 6 continued

-2
= _Ll:“’(l— 2 (:’5)
bl 3

= L% (14 obd & b4 (-2(H0)[263) 1.
1 . —e—( 3 )@ )
Here, we Whave vseh «  Brromial erpw»hbn
bo fak the & Loe//fc.‘o,wk
SD ‘S»E/ loe s o 6“‘: _L,x %2’
Hess o T ==

So pr'(\/'—"“l\ = _3_7-._ @
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7. Each time a spinner is spun, the probability that it lands on red is 0.2

(a) Find the probability that the spinner lands on red

(i) for the 1st time on the 4th spin F":\l G‘;\' F-.:\, Hufp(ns
@)

(ii) for the 3rd time on the 8th spin
@)

(iii) exactly 4 times during 10 spins
2)

Each time the spinner is spun, the probability that it lands on yellow is 0.4

V3Y¥Y SIHL NI LM LON O
A E S AR E R A AR R A B B

In a game with this spinner, a player must choose one of two events
R is the event that the spinner lands on red for the 1st time in at most 4 spins
Y is the event that the spinner lands on yellow for the 3rd time in at most 7 spins

(b) Showing your calculations clearly, determine which of these events has the greater

probability.
0]
i) O¥x0.3%x 0:2*02r= 0102L0Q

(@)

W) Need Lo choose 2 Eimes ouk o bhe firse
F tmes Lhere k& )\r«w(ns.

F\X 0.1t % 0.8° = 0.27s5
(Fyrex o

Y34V SIHL NI 3LIYM LON OQ
A N N NS N NI NP NN

Twen & huppens on bhe T bme
0.2%55 x 0L = 0.0511 ()
W) Lek X ~Bia(10, 02) (@
Pr(x=1)= 0.0831 Q)

Y34y SIHLNIFLIM LON-OQ
B A Ny
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Question 7 continued
b) Lek %Néem(o.‘z) ®
Pr(R) = Pr(xtuw)
= 1= Pr(x>w)
= 1- 0342 0.5904
Lok N~~e3(5:,\(3,o.u)®
Pr (M= Pr(N £3)
o o4y (E)Ov’-ﬁxo.é +(l9>0.u’xo.e’- +

z

(5)0-&-%(0-65 + (6)0#3;0.6“ = 0. S%)
2 2 ®

Uﬂ/b tve /orwl-s !moklel:J

Pr(R)= 0-590L > 0- 530 = Pr(y)
9% R has « Dreqéer pr‘obnbn‘l.ﬁ_ 0)

J
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