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1. The discrete random variable X has probability distribution

‘ -2 | -1 0 1 3 ‘

‘P[X=.r} 0.25 ‘ a b i 0.30 ‘

where a and b are probabilities.

(a) Find E(X)

(2)
Given that Var(X) = 3.9
(b) find the value of @ and the value of b

4)
The independent random variables X and X, each have the same distribution as X
(c) Find P(X, + X, > 3)

3)

o) EGA = -2(0.29) -1 (=) +0(b) +1{u) + 3(03) ()
= ok (D

b) Recal  Enab  Var(x) = ECxE —(EE:J)?“
EC] = (1 (02.5) + (Y- () + 0™ (6) 4 1*(w)+ 2(03)D)
= Efx=D.F +2n

5 Voar(x) = 37 42 —(0.1) O

A D 9= a+3.5k

5 a=0.1% 0
The son o prob-biki lies alwuns add vp €o .

ONVStYOo+bt+ar 0.3 =)
= Qatb=0-k3
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~ | Question 1 continued

= 0.2%6 +b =045
2 b=o0.09 O

) The Iis6 of torbinabons  ate 143, 2+4) or

3+3. Q)
Pr"(X.:'_ I B X-L:?lj s ok(g,f!;)

PG =3 a Xa =1y = 03[%)

Pr{x,: a8 X1= 3) = 0-3(0-3)®

I}, we  add bhese (:aaeélnw . 336
0.3(0.18) % 0-3(013)+ 0.3°

= 0193 ()

(Total for Question 1 is 9 marks)




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.

(a) Carry out a suitable test to determine whether or not there is evidence that the rate
of calls arriving at the call centre has changed.
Use a 5% level of significance and state your hypotheses clearly.

(4)
Only 1.2% of the calls to the call centre last longer than 8 minutes.
One day Tiang has 70 calls.
(b) Find the probability that out of these 70 calls Tiang has more than 2 calls lasting
longer than 8 minutes.
(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.
(c) Use a Poisson approximation to estimate the proportion of calls arriving at the call
centre that last longer than 30 minutes.
(4)

0\) Hﬂ'— A=\17 Ths s lox)F becuose
we hwe «w ruadom
H: N#)17F ® sample of 10 miutes.
Assome. bt X ~ Po(13) (D)
Pr(x »28)= |- ¥r(x £21)
o.oufoeq® Usi.ﬁ“ a  calwlabor

We. have o« Guo Ealed Eest seo we  Compuve
Ehis ik 2.5 >

Q: 0géeYy 77 §-915

Do ok l"'e-ect Ho us Ewere 'S
1asaLficient e.wtlénﬁe. Of (. C,l-\unae/ A Tabe

0}— calls. ®
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Question 2 continued

B) We have o Aumber of brials  and  we
have « probubili So We USe  w
biroMial Jdisbribotbion.

LeG Y~ B:n(‘?o,a.on.] )
Pe (VY 32) = \-p (¥ 1) @
= 0.0523() os:U o~ culeolubor,
o) C~ (Bin( 409, ¥)
So CmrvPe(%ﬂp) 0
Recal)  thne PJF for  Poisson s

Pr’(x = 'x): ¥ T
x !

pr(C,:O')':: 0. 0S5
> % =06.06 O
5 ~900¢ = Iafo.05) (1)

= p= —la(0.0%)
400

™ pP= 0.00333 () u‘ppm‘:mtib




Question 3 continued
o) Lebt X ~Baﬂ(5,o.s)
Pr( X = D\ = 0.03%|)26 )
r=130x 00315=5.225 0 A ble buble is for
|Fo c.luaas.
Pf(x =1) = 0.3129%
= 130 % 0.3125 =53.12S5 ()
_ b} He- (}:4(5,0-5) s o Suitable medel
Hl.-. 3'A (6,{9.5) 'S ﬂﬂ"J o~ Sul buble model. G)
Recall Ehab oor best  stalisbic
Xl: O;Z‘ -N
E:
\“E'/ can \sSe— 6[«135- ofmulee as NoOAe_ O’C

oo Ei walues ave less  bhan 5.

Xr= W 4 0% o LS. 625y 38 4 N <170
r~ 26.%6 [ - 26-5¢ r

= X = 23-L O

N=6 So e hwe S deyrees of freedom(

Compare by Wik Ehe e Le. as
we  have. o cribal ¢c.lue..o,L V.ot @

23 .03
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Question 3 continued

S0 we reectk Eue ol \bpaéhes:: as Ehere
is  eviderce EBhub  Marcos’ Mmodel s
ﬁﬂ& O~ amul. flb CD

) Recall  Ehk i X~ Bin(n,p), EEL=ap
onk  E(A= 2 x fr(x=x)

) S

CleReR

7o 136
= p= 0586 ©
tk) i) Becaose  Eve meea&eds ,f uencj ’_O]

isless Enan 5, we' huve o fjg |
&”ne../ rslg [:wa Cnlumm l:o mele o ' S0 or!
coluoma Wb wn Q..s-f?gpéeul f fETWﬂﬂ J 0}.

1672 @

WG. u) %o lqc‘ue,. N e,s(:\rﬂubor far‘ P‘
So Ews ] A Eher Consbra b,

S0 5- 2 = 3 (1)

n) We tauia LOhPure, wh b the 4 A d:zb-'lnbm,
N Wwe Wwe w Cribcl  vulve o —-]4'615,@

IQ»]*) M;M‘*'& mode | 13 [N uer ook 1b' os €he_
tesE  Stutisbc % ot lo.....’ter Ehen
Ehe (riticul w.'l“qluc 50 Ewe Prubc-'s Ib a}. G

head s uppm:mbcb 0.6. ©
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Question 3 continued

“\ Nlﬂﬂﬁ.} Eest SkﬂﬁEStﬁ blnﬂ'm ul R a
Model  anak Etherefore  inde nJence.
S?;nb \S o Y@uSdnuble QSSMP&{J‘\

(Total for Question 3 is 15 marks)
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4. 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 1s less than 27.2

(6)
This s o negabtive  binom, el
X~ Nbin (,%) ©
from Ehe  formuln booklet , we huve Ehub
Efx]= __%'_, ; \(ur(x)=r_(|1;g)_
I =.‘)JCP ot = E(*-‘.{g\ =120 0
(¥e) l (\/e)
B.fj Eve  Centrd Lt Theorem,
X~N(M, %) 0O
= X~N ()_1_\_1 120/3,)
5 RX~A(Ly,3.75) 0

Pf( % d-'?._'?‘r}-) = 0.951 - %:na Caleuly bor,

JAN=

0 =
P 7 4 0 8 0 A 01 2 2 4




5. A machine fills cartons with juice.

The amount of juice in a carton is normally distributed with mean 4 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 X ml.

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

(4)
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} L{Y >332}

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

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

(2)

a) Ho: M=330 XN (m, %) b
H: M0 0O Ewe  (onbral J

ik Limt Theorem.
X~N(230, 6%s) ©

) 3‘<.~N(3'bn,2.56)
Pr( X< 2)= 0.05

> £ '—"—_3 ?..7‘-368 @ UEJ;/\J o Culevlubor
D X173 © (1averse Nopmal)

b) Reueo& Ho vhen Ho s Evoe.

\;~N(3%O, =
55

Pe( Y < >23)+ Pr(y 2332)
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| Question 5 continued

= ’)_Pr(;f 451‘8) @

| = 0.06370©® Using o Calcvlator
()FL.;\ to rejeck Ho whea Ho s (qlse-
?HN(S').S* _1351)

O
Pr(X 5327, 363| »=315) = |-pr( % <32734)
= 0.069u O
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6. The discrete random variable X has probability generating function

o
Tl
.
(a) Specify the distribution of X'
(2)
A fair die is rolled repeatedly.
(b) Describe an outcome that could be modelled by the random vanable X
(1
(c) Use calculus and G, (7) to find
(i) E(X)
(ii) Var(X)
(7
The discrete random variable Y has probability generating function
.fm
Gl =
T 3-2)
(d) Find the exact value of P(¥ = 19)
(3)

o) Look b bhe “P.G.F’  coloman i bue
fuqu\a_ booklet.

e+ 9 b o (i)




Question 6 continued
So ?;P = ask A(r-p) =2
5 p=43

X~Ne363n(2,‘23) @

b): Mod.e\ Aomber o volls oL o w die
) ) Lo wchieve S nr}é }‘ G) Fa

bwice.
C):) Recall  Ehut
EGA= 6L (N, \or(X)= 6% ()~ G 0)-(LX6]*

CxlB)= *(3-26)"" ©

Bt 253-28) = % u&‘(%-mb)g R
2GR = 23N+ u(3-D) =6 by Aukak Rk

Hence EX) =6 © L-/
i) Gy [6)= 2(3-28) 5 8EB3-20 % 8(3- 1) 1207 (3-2074 O

5 Gu(1) = 2(3-2) 3 (\)(3-2) +3(1)(3-2) + 260 (3-2)
= L1 0

©
=2 Var (X)= L2 ¥6-6> =12 O
N o D=2y

- &'“(3(|-_2.5_t’))_1 ®

T T T T T T T T T e P e T T Tt




Py

Question 6 continued

\0 2 -2
RUET
= _!1.,@“ (I + b & Bt 4 (~1\t3}(-;)(_';3'£3)36 )

H&(‘&,’. we ldava vsed o brnw:ql Q‘:ﬂ{)ﬁﬂh‘dﬂ

ko fad the £ u:ef‘/;‘o,‘ané.
So kwe (oeffcet o éh = | x 5

So Pr(Y=1)= 32 [
243
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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 R;\] G_,;'“ Feit, Hbfpf'\i

(2)
(ii) for the 3rd time on the 8th spin
(2)
(iti) exactly 4 times during 10 spins
(2)
Each time the spinner is spun, the probability that it lands on yellow is 0.4
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.
(7)

0
C()';) O.Lx 0.8 %X 0% 0= 010240

i) Neek ko choole 2 kimes ovk of Ehe first
F bmes here k& lnrappeni

F\X 0t * 0.8° = 0.2355
(F)*ox ®

Twen (£ happens on Ehe B Eime
0.273%% 0L = 0.0SI)| ©
W) Lek X ~ia(10, 02) @)
Pr(*=1) = 0.08%31 ()

22
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¢ | Question 7 continued
b) Lek X ~lem(0.2) @
Pr(R) = Pr(x4w)
= 1= Pr(x>w)
= L= Rt ©-S9o04% ()
Lok NNMea{b:n(’s,o.m) 0
0r (V)= Pr(N £3) Osing e formob booklet,
®= O.4°« (z)o-u%o-e +(‘i‘)0.lfx0.61 +

T

(S)O-u”w.e‘-’* 4 (G)D-Gxo.e“ =~ 0O Sga)
2 % ®

Pr(2\= 0-590k > 0-5%0 = Pr(y)
% R has o D‘f‘eﬁéﬁ’f’ P"’b“b;"b- @




