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1. A machine cuts strips of metal to length L cm, where L is normally distributed with
standard deviation 0.5 cm.

Strips with length either less than 49 cm or greater than 50.75 cm cannot be used.
Given that 2.5% of the cut lengths exceed 50.98 cm,

(a) find the probability that a randomly chosen strip of metal can be used.

Ten strips of metal are selected at random.

(b) Find the probability fewer than 4 of these strips cannot be used.

A second machine cuts strips of metal of length X cm, where X is normally distributed
with standard deviation 0.6 cm

A random sample of 15 strips cut by this second machine was found to have a mean
length of 50.4 cm

(c) Stating your hypotheses clearly and using a 1% level of significance, test whether or not
the mean length of all the strips, cut by the second machine, is greater than 50.1 cm

0) Rondom Vosiable L~N(u.0.5"),0~:05

P(L>50.9%) = 0.0a5s © O Find He mean (u)
Bl Find the probabiity (P(ue <Le50.75))

7
2-Seorp = X-M =) [96 = 50.93-U =) S0.A%-pu = 1.96x 0.5
l-0.025 0.8 U= 50.%-1.9620.5
idliid M= 4997 = 50 cm @
look on tabk /
ov do on coliulodov @

2> L~ N(50,0.5") =5 P(a<cL<s0.78)= P(L<5035)- P(L<ka)

P(L ¢ 50.33) = P(% ¢ %5;&’) = P 21.8) = &(.5) = 0.9332

P(L<kq) = P(u “;‘:°) : P(2<-2a)- I-8(3) =0.0228

=> P(h9<L<50.38) = 0.9332- 0.083% = 0.910 O
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b) Ahe  prbobilty thob o Ship Conmt be used Wil bb  equal to
)- O.QIO* (O-‘UD was ow anmswer to Port a)

Now, ijf e leb X & G fandoms Vool Whih clenokes e numbw of s
that connot bR e Hen wW'R 8oin5 e haw Fhat K S b/nom,'ajél
didvibwbed , \-ith =10 and p= 009, (1-0.910 =0.09) %

=5 K~ B(l0,0.00). => P(Xx=3)=099 @

c) N=15 0" = 0em , Samge mean X = 50-Hcm

2

Ho: Jt=50.1om V5. Hi: W5 50.lem © (one-Sided fest)

Stondand etrov of te Mean : O/ = 2=

s
- 2
o R~ N(s0.,25)®

> P(%>5o0m) = P(z>“’~“'—"°")= P(z > 1.94) = 1- 3 (-2)
/i = 0.026  (p-volw) @

=) 0.0a67 0ol =2 ©®
=) b ot fejed’: Ho ond we n oomcluwd® Yhak thew mSuff reient

euidpnce that  FR mean )eVBH\ oF the Skieps 13 amﬂgu fhan 90.l1cm.
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2. A company sells seeds and claims that 55% of its pea seeds germinate.

(a) Write down a reason why the company should not justify their claim by testing all the
pea seeds they produce.

A random selection of the pea seeds is planted in 10 trays with 24 seeds in each tray.

(b) Assuming that the company’s claim is correct, calculate the probability that in at least
half of the trays 15 or more of the seeds germinate.

(c) Write down two conditions under which the normal distribution may be used as an
approximation to the binomial distribution.

A random sample of 240 pea seeds was planted and 150 of these seeds germinated.

(d) Assuming that the company’s claim is correct, use a normal approximation to find the
probability that at least 150 pea seeds germinate.

(e) Using your answer to part (d), comment on whether or not the proportion of the
company’s pea seeds that germinate is different from the company’s claim of 55%

o) /l; Phey dest au thew feas Fhen they will hawe e b Se.
his is ft on effRciwe buimss Mehed , a5 they Cant  get ong income
if ey haw  cestreged ok ther  peas.©

b) leb S '8 MR random Vofioble Wwhich i5 Hr Numpy of Seeds n= 2y
oub of b Jhak gemingbe.=? S~ B(Ju,0-55). P=0.55

b T R e Tonm Vadoble whih s Fa numbey  of ras with
b least 15 or moe  Seds  Germineding = T~B(l0,2) @

=y %= P(S5%I5) (n=2u,P=055)

1= 037190 =) T~ B(10,0.299)
— = P(25)= o.mq O
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C) * N i 10.780,
N P(Milﬂy) matt b8 close  fo Z o OS @

d) K~ N(u,0%)
\When His apprsximakion > JL=n.p  ond 0= npy A= 3uo0,pP=0.55
=) = MOR0.55=130 and O = 240 x0.55%0-45= 59.4 2 = O.uS

=) A~N(133,614)D K he mudt bR e conbinuily Comstion, 5o when
W Wek owb ow P‘obabilily, we Oublract O-6. X

= /M = > o. = QO.
> P(r>1u9.5) P(z> rm)@ P(Z > 2.27) O_:_-J\GG)

e) Probebitity 5\"’"‘ fork d wos OOV6 ,whish & 0 Ve Swall husipr.
s smoal number Jells o Bab Hher © evidne fo Suggest  Hat
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3. The number of hours of sunshine each day, y, for the month of July at Heathrow are
summarised in the table below.

Hours 0<y<sS 5<y<8 8<y<l1l 11<<y<I2

12<y<14
Frequency 12 6 8

3 2

A histogram was drawn to represent these data. The 8 < y < 11 group was represented
by a bar of width 1.5 cm and height 8 cm.

(a) Find the width and the height of the 0 < y < 5 group. M

) F'el“m":) Da“s""‘/ w_ ond Fveg Densiby | = Heignt )

WidHn, Freg Densiy & Height 2

freg. Donsityl: R €8 U | Fey =3 Width = 11-8=3
Freg. Dhmsity 2: 044285 | Freg * 13, Width = 5-0 =5

freg. Density 12 3 ond  Frep. Density 3 =
3

= 32 % = M= R =730, O
12/g Ha %30 E—

Widhh  of S22l = 1Sem: 3
=) LS/3 : l

0¢Y%<S =0 %X5=-g—.55 =? ‘N‘dH\. S QScMG)
“as —

P

(b) Use your calculator to estimate the mean and the standard deviation of the number of
hours of sunshine each day, for the month of July at Heathrow.
Give your answers to 3 significant figures.

b) Mean * Standard Rviekion :

W heed b P»J. e midpint of eoclh mlevvol

9.5, 65,95 , 15,13 (midfowds v colewdator) O ®
&, 6, ¢, 3, l ( Frequemcies) My, = 663697\ ond S*O.ndaw‘. deviabion

= 3. GQcM
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The mean and standard deviation for the number of hours of daily sunshine for the same
month in Hurn are 5.98 hours and 4.12 hours respectably.

Thomas believes that the further south you are the more consistent should be the number
of hours of daily sunshine.

(c) State, giving a reason, whether or not the calculations in part (b) support Thomas’
belief.
t)

Heatrow * M = 6.63 Hur *© M = 5.9%
O = 2.69 o = L2
Fv o lower Standard deviokion doda Wil be  MoR  consiskeut.
=) Mk nwmby o hous of daily Junshine s Mot  considient at ©
Heathor , bt Hun s {‘wfhev Seudh  Jhan  Heathrow, 5o Hamﬁm Thomas’
bbb‘?-f is  net S\me—le‘l. 0)

(d) Estimate the number of days in July at Heathrow where the number of hours of
sunshine is more than 1 standard deviation above the mean.

d) Fov Heathrow, =663 ond 0= 3.61.
| Slondard deviolion obew e Wean 1 U+ O = 6.63+ 3.69 = 10.3a.

Dine 1>10.32,an MR  chsewakions W the &Y and 12<Y )4
must e grole than 1032 (3 and R chsenodins  respechively).

* SV, me need fo eShmole how many oboevuakons ar W HhiS greup
Ond OR Gesdew than 10-33.

IL-103% xB = 1.3 =) W& eblinodt that thet is 13 cbsewvodions Which
3

ar  gusky  hen 32, = L3e3+ra = €3 =7 das @

o —

Helen models the number of hours of sunshine each day, for the month of July at
Heathrow by N(6.6, 3.7%).

(e) Use Helen’s model to predict the number of days in July at Heathrow when the
number of hours of sunshine is more than 1 standard deviation above the mean.

e) N(6.6,3%) , u=66,0 =37
2> 2= I-M = 10.32-66 = Loosw , P(X>10.32) = P(x>1)

o 3.7 = 1- P(R¢y) =)-0.8ul.,
=) Numbev oJf daus = 3)n0.I5q = Lt-"L_Jaos ® = 0.59.(D
(f) Use your answers to part (d) and part (¢) to comment on the suitability of Helen’s

model.

O,
5) Pouk d: <63 dags, flub @ : M=hq doys. 63 F4T =D The model s Dot Sudable.
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4. The lifetime, L hours, of a battery has a normal distribution with mean 18 hours and
standard deviation 4 hours.

Alice’s calculator requires 4 batteries and will stop working when any one battery reaches
the end of its lifetime.

(a) Find the probability that a randomly selected battery will last for longer than 16 hours.

At the start of her exams Alice put 4 new batteries in her calculator.
She has used her calculator for 16 hours, but has another 4 hours of exams to sit.

(b) Find the probability that her calculator will not stop working for Alice’s remaining exames.

Alice only has 2 new batteries so, after the first 16 hours of her exams, although her
calculator is still working, she randomly selects 2 of the batteries from her calculator and
replaces these with the 2 new batteries.

(c) Show that the probability that her calculator will not stop working for the remainder
of her exams is 0.199 to 3 significant figures.

After her exams, Alice believed that the lifetime of the batteries was more than 18 hours.
She took a random sample of 20 of these batteries and found that their mean lifetime was
19.2 hours.

(d) Stating your hypotheses clearly and using a 5% level of significance, test Alice’s belief.
o) L~ N ( 1€, ¢
P(L>160 = 0:691 (aspd - (O

b) P(Ls20 [L>16) = P(L>20N T
PCL216D)

= 030%¥S.-.- _.CD
(tor ona 0-6AAVS. .-

N D
= O - 4462 C4d. -
(¢ om -fiL\v-‘) P3 ®

(o%4 62)*= o.ozae -(D

e (PcL>w))?® x (P(L>zo|¢_>|63\z -0
=(o-Q1QQ'8...\7‘ b (o~u-'+62 -~-W7' -@
= o\aa s £ -
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d) He: a= 1B Hye a>18 -0
pay T — 2
TN (15,22 X~N (1, %)
] "l O
Ceno (18, 5)°)

P(L=>19:2) = 0:60899 (wap) -O
0-0899> ©:05

Ir\suj('—f}c'\en-} enddence o re\,)ec-\- Hlo. - O

"'l‘here‘?ore_ rhere’'s now e/\.m,:jk envigence o Suppor +

Alice’s be)\,\.zdz - @
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Figure 1

The partially completed box plot in Figure 1 shows the distribution of daily mean air
temperatures using the data from the large data set for Beijing in 2015 @

An outlier is defined as a value Ql = 19.4 |GQ =2 .6-19-4 - 7 4
more than 1.5 x IQR below Q, or <~_ -
Q%6 P volues Gom Figue |

more than 1.5 x IQR above Q,

The three lowest air temperatures in the data set are 7.6 °C, 8.1°C and 9.1 °C
The highest air temperature in the data set is 32.5°C

(a) Complete the box plot in Figure 1 showing clearly any outliers.

0

.5x4.2-10.8 19.4-10.8:-8.6 ., e 7.681< %6

we know 7.6°C ond §-1°C Q1 oublers
26.6410.8° 3724 325<372.4 o0 NoT aukler

(b) Using your knowledge of the large data set, suggest from which month the two

outliers are likely to have come.

Ockober (Sixe it's bhe monbh woith the codest temperabures

bu,weszn/\ﬁagandabobe'm B%mﬁ)

Using the data from the large data set, Simon produced the following summary statistics
for the daily mean air temperature, x °C, for Beijing in 2015 é (2% %

/

n=184 Y x=4153.6 S_=4952.906

(c) Show that, to 3 significant figures, the standard deviation is 5.19°C

9,

Las2G06
g:JW . |2%6.013967...

=<SI188... = S.9 (3§g7

4(x-%)*

6 - -
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Simon decides to model the air temperatures with the random variable [

vV s
e .
AiStibubion

T ~N(22.6,5.19%)
(d) Using Simon’s model, calculate the 10th to 90th interpercentile range.

Avea undes auve = 1
/\/ P(T<Pp)- 0.9 /1/-—22.6
( P(T<P)-01 & -S54
Area=0.9 Pao
wvese-nonoul
on_bhe

——— "— .
nverse Normal

p aa :aa e
Tai ‘Le
1° Area 0.9
c 198,19
Area = 0. 3 g
. Save Res:List2 J
[Tist][Var ]

il P
ilnverse Normal
 xlny 280 25124528

- : . =29.251...

0’ 1S.9u&.. v

Intespertantile mxﬁes 2G. ZSIb;\ 1S.948 ... = 13.@3 (lop)

Simon wants to model another variable from the large data set for Beijing using a
normal distribution.

(e) State two variables from the large data set for Beijing that are not suitable to be
modelled by a normal distribution. Give a reason for each answer.

Dadg WWW/W convesoon SN it’s Qualiatire
" Rownfold 80 ib’s Mok Symebric (ks of days woibh O raigaul)
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6. A machine puts liquid into bottles of perfume. The amount of liquid put into each bottle,
Dml, follows a normal distribution with mean 25 ml

Given that 15% of bottles contain less than 24.63 ml

(a) find, to 2 decimal places, the value of k£ such that P(24.63 < D < k) = 0.45

A random sample of 200 bottles is taken.

(b) Using a normal approximation, find the probability that fewer than half of these
bottles contain between 24.63 ml and Aml

The machine is adjusted so that the standard deviation of the liquid put in the bottles is
now 0.16ml

Following the adjustments, Hannah believes that the mean amount of liquid put in each
bottle is less than 25 ml

She takes a random sample of 20 bottles and finds the mean amount of liquid to be
24.94ml

(c) Test Hannah’s belief at the 5% level of significance.
You should state your hypotheses clearly.

.4
X)) D~N(2s,6%)

Soodlprd
P(D<24:63)= 0.IS oy
)u,smj stondoutd ¢ sty
24.63—25):015 dugtibukion 2= N(01?)

p(Z( \//\6

24.63-25_ _) o3¢y (D) 2= X-N
S =
20.63-25 A ot auk MI@)MverSe
& = Wﬂ Noveu Mode calculator
' W¥h p:0 o«

= 0.357 ())
. D~N(2S,0.357°) P(26.63<D<R)=OLS

an LB SN
P(O<k)- H.1S 5 9.4 2463 h
() P(O<R)> 0.6 , Inverse
normod, P(D<R)- P(D<¢24.63)=O.4S

@) R-125-09 )V - 25 5= 0.357


michellewright
Text Box
6.


PhysicsAndMathsTutor.com

b) Y~B(200, O4S) Man - np - 40
Vadone = np (1-p) - 44-S

[ Y~B(20,0.45) = ] W-N90,44.5) ()
P(Y<100) 2 P(W<94.S) ()
P(W<3a.5)- 0.911S...< 0.912 (3dp) ()
c) H,: p 25 =20 Somple meon: 2494 SL-S%
W, /u<zs Assume W 05 bue D ~M(25,016")
for o random Sample o Size N taken a randov \arable

X*Nip,s7), bhe sample en, X, (s olisbibubed B XN (M)
D-n(25,2%)  P(5<24.94)=9.046765... O
®D OOLHROOS + (Qject Ho, bhore s Sufficient oviclorce

07 o Support, Hamah's beueg@
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7. A health centre claims that the time a doctor spends with a patient can be modelled by a
normal distribution with a mean of 10 minutes and a standard deviation of 4 minutes.

(a) Using this model, find the probability that the time spent with a randomly selected
patient is more than 15 minutes.

1)
Some patients complain that the mean time the doctor spends with a patient is more than
10 minutes.
The receptionist takes a random sample of 20 patients and finds that the mean time the
doctor spends with a patient is 11.5 minutes.
(b) Stating your hypotheses clearly and using a 5% significance level, test whether or
not there is evidence to support the patients’ complaint.
C))
The health centre also claims that the time a dentist spends with a patient during
a routine appointment, 7 minutes, can be modelled by the normal distribution
where T~N(5, 3.5%)
(c) Using this model,
(1) find the probability that a routine appointment with the dentist takes less than 2
minutes
(1)
(ii) find P(T<2|T>0)
3)
(ii1) hence explain why this normal distribution may not be a good model for 7.
1)

The dentist believes that she cannot complete a routine appointment in less than 2 minutes.

She suggests that the health centre should use a refined model only including values
of T>2

(d) Find the median time for a routine appointment using this new model, giving your
answer correct to one decimal place.

0) lok X tane spent, X-N(IO, u)
“w\e
P(X>15)= 0.105649...= 9.106 (3dp) ()

(C))

b) u,,’p:IO @ )V, " ) whmI\:SampleS&Ze
H:p>10 SN “z) +
anifaconce ~N\10, 55 ~€ = =&
mg% _ NON w0’ 2o o @
P(YOILS)= 0.046766...  0.0463 (tdp) < (.0S 0 bhore &
evilence 60 supporb the pawescmplwn{
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c) P(T< 2) 0196019 (3dp) ()
T~ N(s,35°)
P(ANE)

&) P TCZ‘T70) p(A|B)- P (B)
N 94.\1‘{/' U‘M) @
P(0<'r< 2) _ 0119u9...
p(T<2‘T 20): P(120)  pamaz.  012899sS... = 0129 Gdp)

, P10z ().037
The awrrerd Mooled Susges(;s pruhobt-ﬁ Tvalms < O
“ whth & Mpassdde (n°
U%?‘eis model W’Sw,bubu)

d) -r>+,\7>2)=o.s@

N pebabl - O
megam ° o° \ Mol @

P(ToL|T52): P(Tot) . s
Lol — A
~ P(T>2)

wz“amm T~N(s,35%)

Note: P(T24 NT22) P(T?4) _o.s
= P(T24) SMTW mooled 0.8043...
onu ndudes 722 <o
P(T24) - .L02S.-- 0

o, daf e (e
khan 2 % /£97<£) | -0.L0US... = (.59 78...

Need @ clo th
ﬁ Ca,{wlalﬁé t:5867.. (ASe
best =S 9(1dp) (1) /uwverse
the (owefwu novad_on
Caleulotor
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