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Section A: Pure Mathematics [40 marks]

1(aXi) The function f is defined as follows.

f:xr+*+6x-10, x€R

By using the method of completing the square, find the range of f.

.L'+ bd- ro = f i+(r + e)'-, G)-] -,o
= (1* 3) 

-- \\ v"/
s'inq-. \"t- ts"{5o,,*-+ + t' L tG5t'o I .$t}) Los \ n"',,, u{*e-

121

ttr-4t= f-\1 ,oo)

1(aXii)

-to-3

Sketch the graph of f. l2ls

+-.)

L

(-l ,-tq) >L-

YllI 1snttA a^,{

rYt ndI
I

$=

-1 .36

c,- -3- Sq

1(bxi)

1(bxii)

The function g is defined as follows.

g:xFrx2+6x-10, x(a

You are given that the function g-t exists.

r = -3 !

-(t b' //

(=-
.*is\
s,dLl

x\ 3
go

t2)

5' r,,p\rrt a-\ :r-a -3 .For3. a *t^cr(r"g
>-3 , $r-

is bereusc- g hps

*,^s\ bt onU- one - a+ &or-,"',vr qnq\^dtf $frS s^ VtJSn

x--3 is \ottir\ts nu\ s1g-ont. ht ntr-t\s\.vir

-3-J[ilE+ t(r)(t"tt3)

a r.J

1+ to*J

State the largest value of a, explaining why this is the largest value.

3+q
Find an expression for

t:

2(= -3 +

x= -3-

$-'c*) 
:

12)

<-3Jm s\nq_ rt t U= Ltt6a--\0

**6* -. (o*3) :o
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2(a)

2(b)

The first four terms of a sequence of numbers are 4, 2, 2 and 4. The sum of the first n terms of this
sequence ir S,.

Explain why S, cannot be a quadratic polynomial in z. 121

Ies^*e, 1. 
..\rdi \\" "\ g.An \"\ q, qn1+ h^+Ls ( \ q L r c'f^ {.

^

\ t b+ + t \ s an + z *h.drn s h =\
S O.. C- n

\A \

6 tL ) 1.r."4.c\i"<-
Fdso I

S +a t Ib+L
o + ( 2

3 ) S I tq+ ?-(>
ss3 q + ) b C- sa t

cann{
i

U\s I C HqJ Ce- s n bL q t

-J +hu c\ (- 2 o b )u)) I
fr\S". \ftc t v1 YV

It is given that S, = an3 * bnz * cn * d.

Find the values of a,b, c and d. 14l

g\

sa

g3

S\

=ortt2+c-{rA =t (\)

=Ba++b+rc,+d.=t-qz)
- \a\1U+ 3c+d = B -t3)
= 6+a +\bbt+L+a = lL -t4)

3 ^og61 6 o\ {".^.

"1d1*S Ccsg.1 .

SeA"e\ \n*K&r
eru nrsctlck +

u\
lfL G-L' )

\+
3

d.:o I r...ac{.r
a !

3 b= -> (-= i

// A,b, c 
'
d, .n\

I )
Lcta$c€\
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2(c) Find an expression in terms of n for the rth term of the sequence.

= Sr. - Sr.-\

= i'P ->^'o T^ - Lttn-\)t- e(n-\)-,+ tt -t)]

= tnt - )n'* E, - 1",*.,!t (n'+''* t) - ln + z - EJ

= in3 -)",,'* B^ tn-t) (tn'- $n ** )
n3-)n'*En -tnt* tn'-k^ *t'i -bn+&

t3l

:\r\u6q- I

L> ns^

,zH,

n
I+3J,-

3 --)\- +

rS \.c.^ t \,,

no - So + n/t

a+
3

3(a) The angle between the vectors 3i * 2! and 6i + di - l7bis cos-r(af . fi"a the possible value of d.

H) t+)
t3l

a^t 6!z*Ai -GE =

t t 0 br-\tra clk- be$erl^ \e- ] w<\scs'

UssO=
(+) (r)

6'+ d't tS*)J r'f b>i

tt-\a
Jr. 'da{"g

= c.'s-'(H

\8-)d
l,tE (rg->d) -c[dqlr.3,

+ -L\3=
\,s Jd,*rr

JC(\B-2-I)=6Jf,G 3
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3oxi) D

o
LA

With reference to origin O, thepoints A, B, C and D are such that Oi, : *,ffi = b,fr = 5a and

Efi :3b. The lines AD andBC cross at the point E (see diagram).

Find OE nterms of a and b. t5l

-_+ _s -.s,
Bt=OL-oB

= (3ts3) - b,

QrnLe-E. [res o.. BL ,

-+ =-
B€ =Agt- , 1eR
-\ -5G-6B -ip\Gs-b)
$ : 6r^t-pb tF

ip

B
b

Csg

-> -\ ->
AU: oD - sB

= [b+Bb\-3
\p *) e

= th-3-
Stnt-L E [tc-s oA *D )

-5 ->*E= \up , XrR-

;? -G : 
^tAk-r)->.s€ : +xR -^g t a

-3
\E = )^\R

e,,b t\) :rNo ta) :

6r -L

*. (r -X) a - t\)

(.r-tr)3 + 4^! = 6YL'r.- (r-A)h

Bg ts*,,R-r,rn1 trt'c 6J.\ia"*s { 'ret*'cs 3 c"d b

-oE

- (B) 1"tr
\ +6U GmLt

\}.i'5+re- $'C' tu go\'"<- (f 1 ""'S 
(+) 

,

 :* r /:+ ,/
&= c@)t + t\-olI

\-^=6,1,r + 
^\LA=\

+h = \-A + '+^+^^ =

+ :$r+*br,oE
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3(bxii) The point F on the line CD is such that CF : FD: 5 : 3.

Show that o,E and F are collinear and find the ratio oE: oF. l4l

--
OC

^.-
or-c). ob = \b,

L
= 6:

5"r

\ Rc*io Tasse.n .,

_-5 +sos + 30(-> F
ot 3rn

s+3
= t(:sb \ \te )

D

= fl*r
= +.e

+ >s
z5 b )

Srncq R = +O? u.)'dilA ^ cornnaoa f.\-\ O 
)

F.d. b,, E o^<\ F arc- q.[rrec.s ' 1sh.eo) //

2\OF-naoE

bE B

0F r-3

:. oE: oF = 8'. )-3
//
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a(a)(i) Given thaty: tan(ef - 1), show ** * : hf(1 + )f),where k is a constant to be found.

U = 
-'ft>n ["* -t )

12l

td\ = e't-\
tl\.r'\ ' L'D'q\t rvff..dq- t^Nn e\&> i' $C't\3 ENrq- unlcj

-\t*$ &,_
dx

x \ cunc\"r.io.r
^Q

* = q*U*S") qsho,^)

( = \ tf A*d**s n an ts ancvral rho- *\" 4 k

a(a)(ii) Hence find the values of
dv d2v d'v
*, d., 

*d # when x : 0' t4l

49._
t-

dr.
j t*$)

A.sE =q* (A)* \ g*(,'.$)

= '$*
A.\ Aq] +- ---ffi. ' d>L

#: ,rd'* + *elf t )"*#) **
= rU"* # I S[1"^* eJt \ )

b.S\nCr-n f,: O 
,

& = e,"[r*o')= \ //

*-o-+\:\rrr/
d3.rr

ffi = o+(t)(otJe"*\)=3//

O UCLES & MOE 2023 97s&lOzlSPABlzs
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4(b) Write down the first three non-zero terms in the Maclaurin series for tan(er - 1). t1l

3+ :t

//

3 t
3\tonL.*-t) = :Lt |f

= 1r!t'++ 31"i---

4(c) The first two non-zero terms in the Maclaurin series for tan(d - 1) are twice as big as the first two
non-zero terms in the series expansion of e*ln(l * ,o).By using appropriate expansions from
the list of formulae, find the constants a and z. Hence find the third non-zero term of the series

expansion of e* 1n(1 a nx) for these values of a and n. 141

t*\^ [r+n:c) - (,n a)r+ + +'-' ) (n*: -E . nlx)
3 t"'

: n)L:+ " on yl+ Qi - o!*' * 9?*l*--.

: n>L -,r [o,.,-+)t'+ E -9" +)t'n

h Loo.n?*:3 \\L 6"*II;'q'=!s
A\so qctrd

nrt* ton*{\:)n + n:! )f
(

l_
n-

= ltan -T+\ \ )
q )^,K) (r)'\=+a€):z

.L[= ]c\-

l.a =
3
L

L
+a

//

T."4. noA - Zeru \cn^ + d* [r\ (, t n>r)

= ttb-Gl- G)trJtr; r cf(\)(t)l*'
.t\ 3

tq2 */r

O UCLES & MOE 2023 97s8i02lSPABi2s [Ttrn over



5(a) This question is about six couples. Each couple consists of a husband and a wife. The 12 people visit a

theatre, and sit in a row of 12 seats.

In how many different ways can the 12 people sit so that each husband and wife in a couple sit

next to each other? er\tr 
"rre- 

{ $zeatt^ro
"<1cc"h

s.rl - l2)

-l[ta\ 
nusrYnr 4 '*xt 6\^Q$ 4(o&s ur\s

,v \
- { uc^xl e3A/". N-tn"-+ Nc"tr \b n!)

afroscp 6 G,rd iS ,.ll.^S* c<n taq-s$t\-.\

t\t\ sr At\'

s(b) In how many ways can the 12 people sit so that the 6 wives all sit next to each other, and exactly

2 of the wives sit next to their husbands. t3l

h\ il \\t\

a.-(t \a"*\B c^rt

8*-( t\oc-s

No' { w$ =r'\ x

Arronag-W*\

+d\lr
t^"t ooA +
t\I'*'Mt^S H7

/

Aez
t

CUesS t

x 2 x +t = 8(Soo

o"\ ( \r
\
Cu^.$rt
ha".d b
con S-x.p

$o.*

\

").*^tr-."+t*tt r- K.^d!^ir

4 x. fr.ls ur'rf*,]
suhgLt*"\-

L u\o to
s'* ot\ tlA-

\o E"fs.
ud'5 cr\
i\'15'\ s*t\-
p "nil$.

N\\c^aq*1* ', 5\ x 6\ = 86\00l
Ur,//r

9

Section B: Probabitity and Statistics [60 marks]

to,"^5*n"r+ $ Nott-; \\rtrs aaJt-, 6\ 6"t\ as\rxr'\tu

\"of 'rUrU 6!S, *@qfia^$J' t a^d

+eft- is o,r\r \ "t1t se"tr i\${'

h*Jpo.^As \ tuo't'"o rr$'\Qs oA

qac\ e"d

rte.- btA s i.^ +lr.c--

\egulrt^q

O UCLES &MOE2O23 97s8/02lSPABl25
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5(c) The group decides to form a committee to arrange future outings. The committee will consist of 3 of the
12 people.

In how many ways can the committee be formed without restriction? 11]

= )2cNo *s
//4*t 7 \tc-.

I

s(d) In how many ways can the committee be formed such that at least 1 of the wives will be on the
committee but no husband and wife couple will be included? t3]

6
[\0. S *1, on J h*glro"\s \^ tv- g*...itc_ - LJ='Y

f.)o. + *t
= ,a, x

t
ClaOsg \ o*
( 6 t*.r1\.:

1b iR'* \\,
lsnrrl\l*tu

\
L\cR \ EarOGrl

.^i +t,.*',nA
5 t"1h> (,'".t" F"+"\
\ blin rtrc s."r^&\tc

) a h*cb"q\ oN.\ *su\g- L\ '.w\r-, go'"^nn'fteg

[o" = (O-t

N". 4*t" sud^ \a\ & b6\ \q

St r^c-trrc\, )

Cqsc t,[ t -i\r- r L 6\u6rf'*drc'ds) :

oa.,* =c"= (o
Gsr f ( r*f*CS, \ JE6.5; h*sLor-I) :

"..*4c* =(o
(<rSt

" 
(s -i,rc-s ) :

6c1 = 2r) .'.tt.\
= 60\(or">vS,,n-f t / '.\\ bL on {ihc

Gr"trno,-Ybes bu\ no h*sbqn\ c^A t'r'de- cs.1|- vsi\ leq iurc\"td.gcl = \qS !^,c,J t

= )Lo->s -(O ( es.tq\os *tt\ rnd\ru{ )

\+o *ob t\

CI UCLES & MOE 2023 g',l58lO2lSPABt25 [Turn over
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6(a)(i)

d 2.3t 2.90 4.0s 5.50 6.70 7.92 9.17

rn 11 L4 47 104 170 282 449

t1l

g\
(q-\+\/t+1 )

d (.)

t"'1
l-!

r-1

G. p
i-l

il
.t,

f,

M

V\o V.^.ael(l
'+

3t, t\)

Draw a scatter diagram of the data.

\\a, cs.tit*{.u
*trr lsAan$
\"aN qs.v* art
r.^r99\n3

6(aXii) Explain how you know from your diagram that the relationship between m and d should not
be modelled by a linear equation involving m and d.

Fro"^ rtc- scs\Rr N..1s*n-t 1 \- t\c^gs 6(\ec'cs

g! qn lnrcsesd.,^E s,+9- aS ah{- 'ts1 \a$t\\^'

tll

$g".cutnCN{re-\ I

c

J

bdrlcen rn o".A. A \s no'r- \rftctC olnc\ dnovt\d nS\{tt sc\-\,sn*'r'p

[tn6.r *t*ftol tnrro\rf"'1 54 on'{ dbe ra'&l.\s\ b

\s be- inOr?agq.q-

6(b) Which of the two equations z : ed2 + f and m: gd\ * ft, where e,f,g and h are constants, is the
better model for the relationship between m and d! Explain fully how you decided and find the
constants for the better equation. t5]

\ee\qr ",,"&\ iS

. .0 = o-sta ,, h= 3'l-r$ (?s'f')72

Y
(s "y

ysttrnc

//

I
Ox\

t^q-\tC$AG6af \

) e(1c6etssq;6c

a &*3*
Vrftq)rqiS

(ss.+-)
o.qg I sl tss

rd\q_ aS A iF.cs(p+Ll.
uit\\ \noreqgn-*b.rt^ vroile\cThu w& i^

csscrek*'ton L*tS"i".\
YN&)C\ 3^ameffi\t'ouI.{^^ g> O n"d

ed't\ , <u1Xof'\.+{
b$^\eqf\ rq arrd A3 Ht*tr- tttws-( 5qj$torr$T't \

,\t +tn qodo-\M:

f,r\ - "d'tt

fhL \c.*\ Y*o^ n6nSssn

rt\= o'sazAs + 3'1+ (
\.* (.. te-

1rc*', q'"')

1.4 a q AB'.h

r= o-111 S\

Int
{*

a\t-rfrhlrt

O UCLES & MOE 2023 9758/O2/SPAB/25

Giant pumpkins are often irregular in shape. Growers bf giant pumpkins measure the size of a pumpkin
using the 'over the top' length. Fumpkin growers keep records so that they can estimate the mass of
giant pumpkins while they are sti1l growing. The over the top lengths (dm) and the masses (mkg) of a
random sample of 7 giant pumpkins are as follows.

'*qnd\



6(cXiXA) Use the equation you chose from part (b) to estimate the mass of a giant pumpkin with
over the top length 6m,

tl^an J.:6 r

r,,r = o.s+\tS (6)3 + 3'+13 \

= \a+ trr|)
t^ Es 4.,1" 3\"d t*f\:.^ is ab-^-\ \t+A

t1l

6(cXiXB)

u*uu\ &:\) r

\rr = o -5+\6s. tn-f {- 3'a+3 \

= tq z t3s $.)

MAEs "t tn* 5i"o\ \**\Kun '\s "t"cr

over the top length 12m. t1l

1t) K1

6(cXii) Explain which of your two estimates is more reliable.

Tt uSirft.A\.,. 'rn N '..s {vs\- rt\,o}\- bet'tUe- ril'L J1e\ \el13{*\ ts in

t1l

t\c^q-, \ 6d*,4\U- 't. R iS rr\scQ se\tcb\a "

-lha- da\s conSq-, UE\^{Ln

us\esCqg-\ru <ro1 \ebSE\^ 'rvr

Cvqhn*tt,r,r. t go,1c\g$o/\ '

e.,*cf,yo\s\n.',"
(q,N,*o.:Nt

I\,4\q)_ 3 )\ \o^&.
As\qd.0- *+ $nLsB t't$- \

t2

O UCLES & MOE 2023 9',l58l02l1PABt25 [Turn over
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7(a'l 'Crunchers' are sweets that are sold in packets of 8. Each packet is made up of randomly chosen
coloured sweets. On average l5o/o of Crunchers are yellow.

Find the probability that a randomly chosen packet of Crunchers contains no more than one yellow
sweet.

L.\ Y bL \\ coq&orn */oco$n- h'
o \^.,*r\ { t e"re*s ' \ - ts(

12)

so. 65P(\< \)

-r6c no, + SA\"J s*rce\s i*
t , 

o.,s)

t{G^^ q. .')

Kev buys 70 randomly chosen packets of Crunchers. Find the probability that at least 50 of these
packets contain no more than one yellow sweet.

Uel X Uc toR- so.ndon, v"idA- ts .$u r\o-r( t^.vde .$ C.*.t*"t
t3l

({*- G .c')

gs'1fri'ini: nN r\scg{tY\c^^ s,n(- W\t,A gocst I b& 4fO
,s) tss$)( ^o ts [+o r 0'6s:F

Ptx)so): \- P(xs\q)

7(b)

On average the proportion of Crunchers ttrat are red is p. It is larown that the modal number of red
sweets in a packet is 3.

Use this information to find exactly the range of values thatp can take. t4I

L"\ R Ur \t car.d.y"^ vo=t'bh- -|o6 t U oo - + s.A s\Ae,CG in a e.YL+
.1, t e"roAS . (^r B(.t, y)
Sin <q- qoAe\ lovtber of *.\ s"to'L\ ."E 3

? tR= z) < P (R:3) 3rA P f,R=\) < ?(e=: )

T\'t'r1*'tg) dt'-\f /
1 \ {r-Y}

"VLu=Y)*k 
&fl*frf-

l-P <rf (si"qo"3'r)
5 p . + (\- Y) [gi^''u otP')

(L)r"(l-yf.B.(_: D',/
'*#*ff.frP.I+f v

e$hoc P 
rt

*\^\ ou\i,n
\AE<\.*T/t

r -\7\ < 39

P>s

7(c)

CI UCLES & MOE 2023 9758/02lSPABl25
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8(a) A bag contains 3 blue discs, 2 red discs and,y yellow discs. Li chooses 3 discs at random from the bag,

without replacement.

ShowthattheprobabilityLichooses1bluedisc,1reddiscandlyeI1owdiscisffi
-fo'\{ *.s. 4 d.Fc : ts\ :-+ \ : St5.

tll

3&s

ttns)ts++\Ls\,)
$^*d(_

r^w\ irr\,*-
rscae\ *^qt

Fet'rc-,d \*bAA\

8(b) Li's discs are replaced in the bag.

Darvina chooses 3 discs at random from the bag, without replacement. The random variable S is the
sum of the number of blue discs chosen and twice the number of red discs chosen.

Find an expression in terms ofy for P(S = 3). lll

f tS=3) = Y[i.oe^f ]b\rre-trscs) + P[iax-,f \ted, \\,\ur-o...a\$r""3)

3(3

St)trro\tSPl

$q$t\)(St3)

CI UCLES & MOE 2023 9758l02lSPAB/25
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8(c) Given that P(^S: 3): S, calculate the value ofy. Hence find the probability distribution of S. t6]

6t3tg +
L\)

P(s.3)-h
tg+s) t:*$ttta) /t\

L.^-."
t- r-altrs'91

tQrrst r St'^.tr- ..6

IT ;N I
!\stj 'lS.e- G.L' , $ -- or

r\ n ,.$t"\(-ro. )

P LS = )- ) =!- | fqr,$LA :. $raesonA \ g*to"r 'AUu )
3S 2R \\
+ \ -!')- +b t*

?z\3)=i-xf *A-{ ET =
)

-f-10

Yts +) t tltcnA )-rc&onA \ Uft\".) + ?t$c\ed f ttws *.) \*t))
3)ra\l rB

\=
3\

)
qr

(r
\6

x xx x + )ox -4 r_
S

\\g 5) P tqicrkd ><c\g onA r br"e) oqg rg""rCY

\ x !
s

a 3\

^t*;r _:_
2-o6

S ) + s
1.qt\a.^*\ )

Pts- s) 5
lLo

+
LO

+* 3_
.0-o!o

/
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t6

e(a) In this question you should state the parameters of any normal distribution you use.

A fype of metal bolt is manufactured with a nominal radius of 0.8 cm. In fact, the radii of the botts,
measured in cm, have the distribution N(0.8, 0.01).

Find the percentage of bolts that have a radius between 0.79 cm and 0.82 cm. tl]
Lct X. \'lQ- {ne- sqJ.o'.,. voirtU<- t-- -\$^e- sqJi.^r *l- ar. !r.\t.

X,*Nfo.g, C.o\')

\ (s'+1 . X< o'tl) : 5's t1 (:s'('1 (.c -
)

e(b) Metal washers are manufactured to fit on the bolts. The inside radii of the washers, measured in cm,
have the distribution N(0.81, 0.0122).

Write down the distribution of the inside circumference of the washers, in cm, and. find the
circumference that is exceeded by 5% of the washers. t4]

Ltt v{ bt *'r- c}neq y^c{cUe- \". +. ',,.Ct&- s"{.*s { a ''ssLer .

\t .r N \o-\f , $'s t:,' )

k\ e=)Td , -- cFru(*[u'sr1 r

tc!P(cr.)

p( )i o .orl') 
c.c,.e.g\

. ooost Lo")4, N(s.ot 
',

'r' ry 6.oos6,")- o.oS 9

c

r
= $'oS

f tCr. ) - s'os to
\ls\ \5L e\.C. ) c=' s'2-1 (as'{7 s(

-"- \nu e-tftnr^{.run cc \A'is qta.oAsS b '% 4 *S"

i: S ')\ cv- tle'V) /

@ UCLES & MOE 2023 9758tA2lSPABtzs
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9(c) Abolt and a washer are a 'good fit'if

. the inside radius of the washer is greater than the radius of the bolt and
r the inside radius of the washer is not more than 0.04cm greater than the radius of the bolt.

A washer is chosen at random and a bolt is chosen at random. Find the probability that the washer

and bolt are a good fit. t3l

. oo0r44
vr-XFr N( o-t\ -s'B ) o'o\La + o'o\')

.-+.) C.$r/, s't-')= o'+\ ZP to < t-\-K -( o 'o\)
)U-X ^lt{t"'ot/o

"/

e(d) The outside radii of the washers, measured in cm, have the distribution N(p, d).lt is known that 15%

of the washers have an outside radius greater than I .25cm andZla/o have an outside radius of less than

1.15 cm.

Find the values af p and o.

Ld Y h- {Nu Yandena t'oa& \.. l.t^o- ."t"rde seAl..rS "$ a t2ag\a|,c .

p(.rrl'FA ) *s'tS

f)'s)r.g :Snv Nr6 srr.lsa- G'C. )

t3l

t-)s-lr
5- - [. o3(+ (ss +)

P(Y< \',s) = s'2-s 
l

p q .Y:D- < \'\s -A \ :s, Lgr\ o s /
P(u..ry):o'2-S
t-hnsa /:+^,.r t,.t(O, f )
Ui,alba- :hv Nhsl'rl srr ttrcQ'c'

tlE:4,: 
-o.6+t+q(sr+)

fl-o'6++\q6-t'\S -(-)/r + l-o>t+ 5' = \')S : Lt

a"\ri,j tt) o.,.d. t>) u..sl3 +lt- $'C. r

i= \'1q r= o.o sY+ffi*'S')
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10(a) The average time required for the manufacture of a certain type of electronic conkol panel is 17 hours.
An altemative manufacturing process is trialled, and the time taken, / hours, for the manufacture of
each of 50 randomly chosen control panels using the alternative process is recorded. The results are
summarised as follows.

n: 5O Zt: 835.7 Et2 : 14067 .17

The Production Manager wishes to test whether the average time taken for the manufacture of a conffol
panel is different using the alternative process, by carrying out a hlpothesis test.

Explain whether the Production Manager should use a l-tail test or a 2-tail test. tll

Ths Fls&^c*iorl l,\araager glst^\& *5ra- a >-\rt\ \ets\ s,(nq he-fshC

t.'i:h* \ \qB\ i\ \trc- a\ne,rq*L *iong is At{tQr"tt r ph 'c\^ t'et'^\d

q,I'{q5r bL c,t}rL {t\o, or \e}'9 /$"-' \tr huas:' }

10(b) Explain why the Production Manager is able to carry out a hypothesis test without larowing
anything about the distribution of the times taken to manufacture the control panels. tl]

Sttncq-'{$€. sxm(.q- s):. is (av?r- (l's 5tt> 3o) , \ ry
\ts"ern, , $t- gaw,g\- !eq\n I t*"'.t I\aela to r^o[A'^{'e\'tvt- .t6^L

,6^L a\\s'r.4,i,nq- lroCcgS'tootNA {r[(.a a

q
q'"d. uS,

o.\ u,s\dxl oc*.
II

1r'rA@ \L\5

10(cXi) Find unbiased estimates of the population mean and variance.

A3s-3_
ufuias.r\ eNn6h- { tur- Mcson = -a
nnkj,or.O esl$r^6\-'[ ttq f$4\"^ Nai'o{nqL

=h[r+oa+11 -#)
: ).o26 I tse.+.)

= 2' ob.rr-t,)

,2: (6'+
l2l

( ex"
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10(cXii)

ftn"
\ r/\A'

Cu.ry out the test at the 10% level of significance for the Production Manager. Define any

Non
\3qtt\rrls

kt e\

, tJ (o.fua\ U'r-

A.+**.'/ dlottl'5$'o^

A

L(!-
.'*

thtrorr \

t5l

"\Sa- a$reFnc$re- go CQS'S
canAsn\S t\r.*srrn G"fu'\ lonc\ uiti

\s r-no.,r,.{f.c\lsU "{he8e- fnctsr. eA\n \vliA-Le\ A Vq t\ite- pq*\a\rs.r 6cc<A $t Po o^A.R, arg11- n*,,
or^a. H \r= t\Teg\ Ro qnA -thsw'\'a-

te>gAi.rcI$.d\ \so/o s\T\
"f."*\ Hrt l + t:l

$,'z-e- b \oj(,"C So> 30)Un&t Ho , Stn$- 5n*(\-

=# I ^\(ct("*-"r\t-\5\ ^, sfr+,

Ar\ tr^\hrq
use.yousymbols

c\rr(-rn n,^{..{^e- +{"-\or^csvrr.(- tv\\L1Lel\ bC

10(d)

N I

The Finance Manager wishes to test whether the average time taken for the manufacture of a control
panel is shorter using the alternative process. The Finance Manager finds that the average time taken
for the manufacture of each of 40 randomly chosen control panels, using the alternative process, is
16.7 hours. He carries out a hypothesis test at the 10% level of significance.

Given that the Finance Manager concludes that there is no reason to reject the null hypothesis, find
the range of possible values of the population variance used in calculating the test statistic. t3]

t"+ E' be t\C 111.^rat-, 
rr*rtqnq- usr.,& in ca\c*\a\va5 tba- tp<* e\at\sQC '

T.rt Ho : ,f^= t+
a3$^* H r : A < r\ q\ to'/- s\1nt*^q !o'e\

UhAer S. , Si,vrc-q- sAF"1ta- s)zq* is \"3 Lie '4o

\.or.^, T,! N(,* t*)^n*t1",atc\\}
T6\ e\s+&ff<q- , 7t".;1

- \.rts l6

> 3lS) , b (t}'6\*n\ t'\,^it\

)

tb+-t:t
a/.S(-s

Z ^/Nto\
".f-)
s.>\'+8o5 tss'$)frr$'t)>-t'>E\6S 5

t(+ -\1

-\.

a/m '

G na\ \ede* No | fust

esl> r'tl (gs*)
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