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1. A researcher is investigating the number of female cubs present in litters of size 4
He believes that the number of female cubs in a litter can be modelled by B(4, 0.5)

He randomly selects 100 litters each of size 4 and records the number of female cubs. o w %
The results are recorded in the table below. g ;
e
-l o
Number of female cubs 0 1 2 3 4 ’ ,% $
S
Observed number of liters | 10 | 33 | 33 | 15 | 9 =
e 18
He calculated the expected frequencies as follows ::-; %
% Zr’;l X

S
Number of female cubs 0 1 2 3 4 ;

Expected number of litters 6.25 r s r 6.25

(a) Find the value of 7 and the value of s s
(b) Carry out a suitable test, at the 5% level of significance, to determine whether or not g
the number of female cubs in a litter can be modelled by B(4, 0.5) 3
You should clearly state your hypotheses and the critical value used. e
(6) :_.‘Zl g
S
~ (0 X-= #of female cubs =
X~ B(4,0.5) s
r=P(k=1)%100=25 S
( . : SR

mulkiply oy total # of ltters L
= =2) % = 325 5
. r=25,8=3%s 1M 5
o
U .

o
S
5
: ;é: 3
: :l <5
m S
E %
Soora 40
SR
7
SIS

0908
. ) S8
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Question 1 continued
(b) Hypotheses
Ho: B(4,0.5) is a Suitable model
Hy: B(4,0.5) is not a suitable model

Hofcubs | © 1 2 3 4
Oi 10 33 33 | 15 q

E 6.25 25 |3+5 25 16.25
02

& 16 |43.56 | 29.04 q 12.96
Use to get our test statistic
'x’ ='16+43.56+29.04+ 9442.96 - 100 Degrees of freedom:
7 110.56 =100 % vows & A vestviction.. doF=5-1
=10.56 stic = 4

Critical vawae (rom
11(5'/-\: 9.498 (riticol v

Lorpowe cnticod value + test statistic:

0.56 29480 - Significank evidence toreject Ho and .- siguificont. evidence thax the ymolel
is not Suitable.

(Total for Question 1 is 9 marks)
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. The discrete random variable X has probability distribution

X -5 —1
P(X=x) | 03 | 025
where b is a constant and b > 5
(a) Find E(X) in terms of b
Given that Var(X') = 34.26
(b) find the value of b
(c) Find P(X* < 2 — 3X)
for and
E(X)=TxP(x=%)
E(x*)= Tx*PCx=x)
var (x) = E(xt)-[Exn?
(a) E(x)= = 5(0.3)- 1(0.25)+ 0 (0.0 + 5(0.15) +0.26
*-1.5-0.25+0.35+0.26
=0.2b-1\
o | X -5|-1]of[5 |0
~? 95 | 1 | 0 | 2s | b®
P(x=x) | 03 [oas| o |05 | 02
E(Y?) = 21510.3)+ 1(0.25)+ 0€0.1) + 25(0.15) + b*(0.2)
= 11.5 +0.2b°
pon -
Ex*) and E(x) int Jor Vaviance:

Vaw(X) = ) -Ce(ay)’
Z1.540.26%- (0.1b-1)" = 34.26
I1.540.2b*-0.04b* +0.4b-1:=34.26
0.16b*+0.4b -23.36=0

b=\ or b=-13.5

that b>S .. vejetk b=-(3.5
b=ll volue of b

0

0.1

5 b

0.15 0.2

(1)

Q)

C))

P 6 91 9 4 A 0 4 2 4
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Question 2 continued
(o) To tackle this question we need to cakuwhate values for %* and 2-3% .For X' we did this in (b),
s6 lets 0dd 0 Mew vow to the table for 2-3x:

X -51-1| o5 |n

x* Jas| v [ o fas |
2-3X [ Y| 5 |2 |-13]-3
P(Y=x) | 0.3 [oas| o1 |05 02
To get P(x*<2-3X) we need to the of the clumns where the x* vawe is smaller

than the 2-3% value:

2 25 | 1 [0 |as |
2-3x |15 |2 [-3]-3
P(y=x) | 0.3 |0-2s | 0.0 [0.15 | 0-2

=0dd the 3 Probabilitien:
P(X}<2-3%)=0.25+0.1 J
=0.35

(Total for Question 2 is 9 marks)

5
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3. During the summer, mountain rescue team A receives calls for help randomly with a rate

of 0.4 per day.

(a) Find the probability that during the summer, mountain rescue team A4 receives at
least 19 calls for help in 28 randomly selected days.

2

The leader of mountain rescue team 4 randomly selects 250 summer days from the
last few years.
She records the number of calls for help received on each of these days.

(b) Using a Poisson approximation, estimate the probability of the leader finding at least 20
of these days when more than 1 call for help was received by mountain rescue team 4.

C))

Mountain rescue team A4 believes that the number of calls for help per day is lower in
the winter than in the summer. The number of calls for help received in 42 randomly
selected winter days is 8

(c) Use a suitable test, at the 5% level of significance, to assess whether or not there is
evidence that the number of calls for help per day is lower in the winter than in the
summer. State your hypotheses clearly.

Q)]

During the summer, mountain rescue team B receives calls for help randomly with a rate
of 0.2 per day, independently of calls to mountain rescue team A.

The random variable C is the total number of calls for help received by mountain rescue
teams 4 and B during a period of n days in the summer.

On a Monday in the summer, mountain rescue teams A and B each receive a call

for help.

Given that over the next n days P(C = 0) < 0.001

(d) calculate the minimum value of n

3

(e) Write down an assumption that needs to be made for the model to be appropriate.

(1)

(a) In \ day-20.4 calls

In 28days=0.4x18= |1.1 calls
S = # ol calls received in 28 days  define vasioble
S~ Po(ll.2)
P(S319)= 1- P(S€18) M1
= 0.020336 = 0.021 to 2¢f. Al

P 6 91 9 4 A 0 6 2 4
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Question 3 continued

(b) A - # of ca\s veceived in Aday

A ~Po(0.9)

PCA> 1) 0.061551

X2 # of days with more than {1 cau

X~ B(250, 0.061551) f=150x0.061551=15.386...
Y~ Polls.38)
P(Y320) = |- P(Y£19)

*0.1435\— (0.148 to 3¢(

(c) Rypotheses
Ho: p= 0.4 Ho: k=16.8  for 43
Hi. p<o0.4 H:. <168

W - #of colls per doy in wnter
W-~Po(16.8)
P(WS8)=0.014 <0.05 :.Sufficient evidence to reject Hy and that the & of calls perday is lower inwinter

(d) Since s to A and 8 ave independent, we can add the two Variables
for A -3 roke of calsin n days: 0.4n
for 8- roke of cansin n days: a.ﬂ*
roze for C : 0.6n
. CvPo(0.6n)
P(c=0) ¢ 0.001 for

N

Substikuke: 1
=0.6n
e "‘0'5"“. ¢ 0.001

-0.6n
e 0 <0.001

-o,
Une on ¢ n0.00t

=0.6n < n0.00K
ns Wo.0oi

Nn>IL5 =2 n=12  Smallest value

() Rate of catls per day constam
(Vumber of. calis per day is independent

7
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Question 3 continued

(Total for Question 3 is 14 marks)
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. In a game a spinner is spun repeatedly. When the spinner is spun, the probability of it
landing on blue is 0.11

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

(1) for the first time on the 6th spin,

(2)
(i1) for the first time before the 6th spin,
(2)
(111) exactly 4 times during the first 6 spins,
(2)
(iv) for the 4th time on or before the 6th spin.
“4)
Zac and Izana play the game. They take turns to spin the spinner. The winner is the first
one to have the spinner land on blue. Izana spins the spinner first.
(b) Show that the probability of Zac winning is 0.471 to 3 significant figures.
3)
(@) W — Number of spins untilit lanols on blue  define vorioble
W~ Geol0.1)
(i) POW=6)=(0.11)(0.89)° = 0.06142 —> 0.06i4 o 3¢ 11t
(i) P(NCEY:P(W €5)= 1-(0.89)° - 0.44159 — 0.442 %o 35¢ Mina

\ %one minus the probabiliky it doesni 1and on blue within the fiest 5 Erviea®.

(i) X = & of times it lands on blue  define vosiable
X~ B8(6,0.1) M1
P(X=4) = 0.00133Q = 0.00134 to 3s¢ A1
(iv) Y= Hof timesit takes to \andon blne 4 times
Y~ NegB(4, 0.0 M1
We want 4 successeo within 0. maximum of 6 tries, S0 we want the fourtia success to be on trial
4,5 or 6
PN€6) = PLY=4) £ 0(Y= 6)+P(Y=6) M1
: (0.t + G)(o.nfro.m + (?)ro.m’w. 8)®
;0.00IBR — 0.00183 t 3¢ A1

10
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Question 4 continued

2 :,‘ :
LS00RKS

M1

0L=0.89%0.\t and v=0.89

Formule. for geometvic sequence sum Lo infinity:

J

- o
Se0f T
Substituse :
C ot 0.89x0.u . 0.43089 > 047 to 3sf M] bility t .
1-(0.89)
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Question 4 continued

(Total for Question 4 is 13 marks)
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5. A random sample of 150 observations is taken from a geometric distribution with

parameter 0.3

Estimate the probability that the mean of the sample is less than 3.45
(3

From the wording of the exercise we candeduce that it's olowk the central limit theorem.

X~ Geol(0.3)

Get p and ¢

For Geometric from

and
- L = 10 ,; s '_-0.3 = 1;0.

p ECx) 33 6* = Vovlx) XTRC

N= 150

CLT: X~ Geo(p) for Sample Size N: §z~N(y.,!§')

Al S
~. For X~Geo(0.%) — 72':-44(%, "—t.:-’ )

-“v .-g lo_
P N(,,q,m) =
_“'u Q. _t 1 (VA r et - 10 t
Xz N(2 ,‘”) I ur calculator, enter — the right

P(X<345)=0.6a5319— 0.696 ts 3sf

14
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Question 5 continued

(Total for Question 5 is 5 marks)
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. The discrete random variable J has probability distribution

v 2 3 4

P(V =) 9 12 4
=y - —
25 25 25

(a) Show that the probability generating function of V' is

2 3Y
G=r|=t+=
A (5 5)

The discrete random variable 7 has probability generating function

2 3)
G ()=t —-t+—
0=i(2i+2)
(b) Use calculus to find

(1) E(7)
(ii) Var(W)

Given that V and W are independent,

(c) find the probability generating function of X =V + W in its simplest form.

The discrete random variable Y=2X+3

(d) Find the probability generating function of ¥

(e) Find P(Y = 15)

(2)

2

C))

2)

2)

2)

(a) We know that the Value of v is the power of t and the probability is the coefticient

Cs\,(t)=-2q-5t‘+ %t’q-zistq use values from table M3
=L s let+t?)  Jockor ourt?
&‘(§S+ e h 1 b
= (-gt“'?) {actnze bracket furihe

A\

16
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DONOTWRITE IN-THIS:AREA DO:NOTWRITE IN-THIS AREA

DO NOTWRITEIN THIS AREA

Question 6 continued
(b) For
E(R = Gyl1)
P
var(x): G4 (ﬂ*(ul') -[ax(n)

i Qu(t)= t(shs) use chain rule and product vule
Qwlt)= St(feed )*; (s**—) Rehun nue:mulviply by Kbroduce Rute:
Q) (5t 2 ) (;u ) the dedvatve o the & (uv) = uy' +u'y
| dx
fa“(/ﬂ 1(\\(5(0*3)"(; g) brocket!
Sulostituxe \ m:o devivative equation
s
= 2(3+d) ¢ (§+43)

: un" + (I)‘
= )+¢1=3 - (E =
. [ets get Gyt bg dnt(ev%nt\at\ng Gulb again:
(aw(t\ 1&(3!:4'-;) (5'.'4' )
n ‘ 4 ( )3
Q) =5(5tez )xs +Bt(st+g)xz *ll;f"-g’)
Gw(= 2(5**-’-) *-it("**")*l(s“‘
(PO 2 (e “ mmntn
@..(ns').;- 9.-" M
Substitute G’..m from i and Gl into VacON)= G+ Gyt - [GwN]®
Var (W)= 3§+3 -6
6

AIMM_—Y AL

() X'\H-Wl
(ML (‘m(ﬂx&w(t)
Gy(t)= t*(3er % )*t(shg) M1

< Bked)"

~ PGF Oof X from ()
@ ¥= 1X+3

Gyty: (:x(r‘)xt
= V(5% )xt M1
z {‘(gtu’) xt?

Gyl = Iq("lt %)’i A

VA 0 A A 0 O A A o
O Turn over
P 6 9 1 9 4 A 0 1 7 2 4



7

Question 6 continued

- 4536 15

5. . .

15615

C Coefficient =3 probability

c.P(y=15)=0.2903 o1

18
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Question 6 continued

(Total for Question 6 is 14 marks)
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7. A machine fills bags with flour. The weight of flour delivered by the machine into a bag,
X grams, is normally distributed with mean u grams and standard deviation 30 grams.
To check if there is any change to the mean weight of flour delivered by the machine
into each bag, Olaf takes a random sample of 10 bags. The weight of flour, x grams, in
each bag is recorded and X = 1020

(a) Test, at the 5% level of significance, H: u = 1000 against H, : x # 1000
“4)

Olaf decides to alter the test so that the hypotheses are H: u = 1000 and H, : « > 1000 but
keeps the level of significance at 5%

He takes a second sample of size n and finds the critical region, X > ¢

(b) Find an equation for ¢ in terms of n

(2)

When the true value of x is 1020 grams, the probability of making a Type II error
1s 0.0050, to 2 significant figures.

(c) Calculate the value of n and the value of ¢
=90 ®)
(a) X~ N (1000, %-: )
as the found value, 10209, is >1000q, test upper toil :
P(%X>1020)=0.0135 < 0.025 — 2-9° a5 it’s twa tailed MiAd

. Aeject Hy. Sulficient evidence to Suggest that the mean weight of flour in o bag changed

(b X~N(1000, 120 )
Ls €-1000 . 1pyN(095)= 1.6449 — C-1000= 30 x1.6449 (Vs
30/‘,7‘ n . .
C: |¢>¢>¢n-""?':4_q equation for ¢ inn_ A
(© is the probability of .(Ho is jalse bur we accept it)

X~ N(1020,392 )
We want the probability of mot being in the critical vegion, X<, with p:1020 and "':3—-%‘
Code our c:
C,;;°7'° = Inu(0.005)=-2.5%58
7

n
Subskituse the equakon for ¢ we got in part (b):

000 + 44341 _ 1020
\ + S

=-2.5158
m
Solve :
4937 | 11235 _,0 - 90-126.62
Vn n n o
N=40 — subst . thusinto c=... ¢o get ¢
€=1001.8
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Question 7 continued

(Total for Question 7 is 11 marks)

TOTAL FOR PAPER IS 75 MARKS
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