Cambridge Assessment International Education bears no responsibility for the example answers to questions taken
from its past question papers which are contained in this publication.

The example answers to questions taken from OCR past question papers that are contained in this publication are
purely the work of the author and/or publisher and have not been seen or verified by OCR.

Answers

1 Exploring data Time,x | Frequency,f xf
2 28 56
1 i) Mean=5+3+8+1+192+3+2+3+7 3 n 3n
" Total 50+n 111+ 3n
="—==480r4.89 (3sf.
9 Gst) soxd o, 1l+3n
1233357812 2f 50+n
Median is 3 24(50+1’l)=111+31’l
Mode is 3 120+24n=111+3n
(ii) Median is good as it is not influenced by outlier 9=0.6n
of 12. Arguments for all three! n=15
5667778888911 1 (i)
Number of Frequency, f xf
Median is 7.5
people, x
Mode is 8 1 4 4
3 (i) Discrete 2 15 30
(ii) Continuous 3 6 18
(iii) Discrete 4 7 28
(iv) Category 5 1
(v) Discrete 6 0
(vi) Continuous 7 4 28
4 (i) 33333 Xf=75 Y xf =151
01338 Sxf 151
(ii) Mean = == === =2.01 (3s.f.
12336 >f 75 (3s£)
There are other possibilities. Median =1
i) 123456 Mode=1
013467 2 (i) 346+3+2+4+1+1=20
There are other possibilities. (i) | No. of pieces Frequency (f) xf
of fruit (x)
5 650_21—8:2xh—117 0 3 0
zx 1 6 6
8=—5 = Xx; =9 2 3 6
§o 117496 213 _ ¢ 0 3 2 6
30 30 4 4 16
5 1 5
6 865= zx = Yx =1557
6 0 0
86 = 2" = Yx =1634 4 0 0
8 1 8
New players weight = 1634 — 1557 =77 kg Y f=20 Yxf =47
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1 Exploring data

_ X 47 _ _ [640 (2
Mean—zf—20—2.35 (3s.f) =\{3 - 6.5

Median =2 =~37.75
Mode = 1 =6.14 (3 s.f)
) FZh90 s
n 60
1 () Test | Frequenc Midpoint, x X =
quency,f| Midpolnt, f _ [Z-h) _ [sor7a _
score Sy = = =123cm
n 60
0-4 7 2 14 -
5-9 18 7 126 !
10-14 14 12 168 Number of | Frequency, xf «f
15-20 11 17.5 192.5 faults, x f
Zf =50 fo = 500.5 0 22 0 0
1 34 34 34
- Xxf _500.5
[ll] Mean = Z—f = T =10.01 2 25 50 100
(iii) 5-9 class 3 12 36 108
2 Length Midpoint | Frequency 4 / 28 112
0<x<2 1 9 S f =100 |Txf =148| Sx’f =354
2<x<4 3 21
i _ 148 _
d<qx<8 6 I (i) Mean = 100 1.48
§<x=<10 ? 6 (i) s = /324 1482 =1.16 (35.f)
100
1><9+3><21+6><f+9><6_4125 (iv) Range=4-0=4
9+21+f+6 - IQR=2-1=1
126 + 6 f
——=4125 i
36+ f 4 (i)
126+ 6f = 4.125(36 + f) Time (min) | Frequency, | x xf «f
126 +6f =148.5+4.125 f f
1.875f =225 0=x<6 6 3 18 54
f=12 6<x<12 8 9 72 648
So the total number of earthworms is 48. 12<x<20 24 16 384 6144
1.4 Measures of spread (variation) 20 = x<30 7 25 175 4375
30=x=<40 3 35 105 3675
1 Range=21-0=21
_ _ 2
Arranging in order, 2f=48 Yxf =754) Xx°f
0o 2 ) 25 \ 6 7 \ 21 =148%
. _—_ 754 _ .
[ L0 J [ Median J{ o J (i) Mean=Xx = 25 15.7min (3 s.f)
oo [T4896 mo2 .
IQR=UQ-LQ=8-2=6 (i) sd = 45~ 1577 =7.97min (3s.f)
2
s= 2x -x?
\ n
02 +22 422452 +62+72+9% + 217 2
= 3 —-6.5
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1 Exploring data

5 (i) 1.5 Working with an assumed mean

Score f x xf «* 1 LetY=T-100
0—4 / 2 14 28 YY =24 and $Y? =330
5-9 18 7 126 882 - B
— — (o]
10-14 | 14 |12 168 2016 Y= 12 =2=T=100+2=102°C
15-20 11 17.5 192.5 3368.75 ody = %_2 _ 485°C (3 5£) = sdy = 485°C
> f =50 Sxf =500.5 [Sxf
— 629475 2 [i) Lety=x—50s0 Xy =-240
y_Zy_—24o=_24
(i) Mean = %ﬂom n 100
= X = —2.4+50 = 47.6kg
sd = % ~10.01% = 5.07 3 s.£) (i) Since sd, = sd,
_ - _ 1170 _ . _ 1y,
6 Mean =Xx = 36 = 32.5min de— ” -y
2
sd = 2870 _325% = 310 min (35£) —35= /2100 (<247
= Y y* =(3.5% +(-2.4)%) x 100 = 1801
7 E=%=2:>2x=3 y (2 (-24)?)
= X (x —50)° =1801
— zxnew
Xpew =~ =3=3x,,, =15 3 (i) Lety=x-50
- _ _ 496
So the number added is 7. V=% = =62
2
sd = ZT’C— 2 =4 SoX = 6.2+ 50 = 56.2 km/h
Zx2_22_16 (ii) Letz=x—40
4 Z=x-40=162
S x% =80 E=§—0—162:>Zz—1296

2 Xpew = 80+ 7% =129 So Y(x—40)=1296

12
sd,,, = /?9 ~32 =410 (3sf) (i) sd, =sd, = sd, =6.7

8 (i) Since the standard deviation is 0, all the activities sd =67 = >z* 72
Lara did must cost the same, which is the mean ‘ n
of $12. 2

%1244 6.7 = 28—3—16.22
(i) ¥, =X et3xX g
s 10 5

72+4x =110 = 4x =38 = x = $9.50 6'72:%_16'22
sd = DES 2% =80(6.7% +162%) = 24586.4

>f
o = \/12 x4+12° ><2+95 X 4

_ 225 _ 2 _
_/10 112 = 1.22 (3s.f)

e >(x —40)* = 24586.4
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1 Exploring data

_ 5 (i) Lety=x—70
4 (i) 7=2y= 189 _ —5.4 min i) Lety=x-
no 35 —_&ﬁ_@in_@:y
X = —54+120 = 114.6 min 4 4
(i) sd, =sd, =128
T : (i) sd, /3‘2%5 2 - 9380 (3sf)
>
12.8 = % — (=5.4)? Letz=x—74
¥ y” =35x(12.8” +54°) = 6755 Since sd, = sd, = sd,

2 _ 2 2
> (x —120)* = 6755 o, = /25 7 980 < /22z7 o

— 3t = 2593

2 —
1 Number of Frequency, f xf Z(x ~74)" =259
siblings, x
: __3x _ 4308
0 7 0x7=0 6 x=57="50 921540
_ 2
! 18 1 x18=18 sd= B w2 = [PI8551 51540 = 532,00
2 12 2x12=24 "
3 9 3x9 =27 7 Let the boys marks be b and the girls marks be g
4 4 4x4=16 E:%—é’ = 28=% = Yb=28%x12=336
2 f=50 Yxf =85
. gz% N 30:%’ = Yg=30x18 =540
Meanzfz—xf=&=1.7
2f m22b+2g=336+540=292
The median is the (502+ 1) (521) 25.5th value. nb+g 30
5o
Hence the median is 1 -5 2 =15 sdy, = b b
The mode is 1 (it occurs 18 times). ~ 31= Xilzyz _ g2
2 X = % = 12.4 min
56 = b? =(317+287)x12=952332
X, ==—===124min = n =40
" 2
3 (i) Range=18-2=16 Sdg - 2"1‘3 _§2
IQR=13-2.5=10.5 N T
¥ - 2345484185 : 5
22132 +52 182 1182 5 = Zgz=(2.52+302)X18=16312.S
sd = \/ 5 -72
2 2
=578 (3s.f) dy., = \/Zb DY S et
n
(i) Range=140-21=119
1952332 +16312.5 2992
IQR =131 — 36 =95 - 30 e
%= 21+ 25+ ?g +...+140 — 98 =2.92(3s.f)
2 2 2 8 (i) Lety=x—k
Sd:\/21 +25° +356 +..+140° o) 02 (i) eyzx
— )’ — _ 252
=454 (3sf) y==r =y =0 =56
Lo XX 2
4 (i) x= z]{ 410 _ 683 (35) sd, =sd = ZTY_yZ
(ii) The modal class is4d=<x<6. 1895

S = B2 56" =328 (3sf)
(i) sd = |22~ x2= M—683 —383(3sf.
s >f X (3st) (ii) 78— k=5.6s0k=72.4
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1 Exploring data

1 (i) Lety=x-60

__ Xy _ 245
e I

X =3.5+60 =63.5km/h
i) X(x-60)=Xx—-260=>x—-70%X6
Yx — 4200 = 245 = X x = 4445
d(x-50)=>x—250
= 4445 - 70 x 50
=945
(iii) Letz = x — 50
sd, =sd, =sd, =10.6

= _ 945
Z=27=135
2
sd, = Z—Z—EZ
n
_ X2
106 = |5 —13.52
Y22 =206227

S (x —50)% = 20622.7 = 20600 (3 s.f.)

Z Zx

2 (i) x= =172.6 =52 = Yx=4832.8

Sum of heights after person has left is
4832.8 — 161.8 =4671 cm

— _ 4671 _
X = -7 = 173cm

. _ /sz_—z _ Zx
(i) sd, = =X = 4.58 = 58

= Y x? = 8347286

—172.6*

Subtracting the person who left

> x® =834728.6 —161.8> = 808549.4

sd, (new) = % —173* = 416cm (3s.f)

3 Yx-—100n=216

2416 —100n = 216
2200 =100n
n=22
OR

2416 _ 216
n

2416 = 216+ 100n
2200 =100n
n=22

+100

4 i) f—&:2205—%:>2x=19845
>(x—c)=1845
Y x—9c=1845
19845 —9¢ = 1845
¢ = 2000

(ii) Variance of x is the same as the variance of
y=x-2000

>yr o

Var(y) = —Z —y2

_ 477450 _ (1845)2

9 9
=11025
S XX
(i) x(new) = 0
_2x
2120.50 = 10
> x =21205

Rental price of new house
=21205— 19845
=$1360

5 (i) Total cost=29x8=$232
Cost of vests and coat
= 4x$5.50+$90 =$112

Cost of sweater = L;HZ =$40

(i) If the sd =0, then the price of a hat must be the
same as the price of a shirt.

So each of the 5 items must cost $26.

4 items (the shirts) must cost
4x$26=9$104

Stretch and challenge

n

S(x,~%)? Sx?

1 = =l 52
n n
LHS :
2 —\2
2 (x; —X)
i=1
n
n
Z( —-2xX+X )
=1=1
n
n n
Zx —2x2x + 3 %2
=1:1 i=1 i=1
n
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2 Representing and interpreting data

n 2 _ _ _2
E,lxi —2X X nx + nx 4 Ezz;qx2>15—2x=>2x—60
n The lowest possible score will occur when the other
3 x.2 = 2m%? + three students all score the maxi k of 20
x;2 = 2nx* +nx ree students all score the maximum mark of 20,
==l giving a total of 60 marks. The lowest possible mark
n
; is therefore 0.
2 -2
_ E‘lxi ™ 5 Many answers!
L 5 L
n ¥ =1 x
inz 6 x = =8=-=3>x=288
i=1 —2

=%
n Zx
= RHS \/ :>2—\{ 11 2 = Y x? =748

If we remove one 8 > x = 88 — 8 = 80

2 (i) WandY
(i) Z —_80
X = 10 =8
_ Z_ _ XX _ Yx+159 ' )
3 == 124 = ” and125—7n+1 Y x“ =748 —8° = 684
1241 +159 sd= [98% _ 82 — 510 (3sf)
124n =Y x so 125 = il 10 ) o
125(n+1) = 124n + 159
125n +125 =124n+159
n=34
S x = 4216
126 = 2— = Y x = 4536
36
Score needed = 4536 — (4216 + 159) = 161
2 Representing and interpreting data
2.1 statistical graphs - box-and-whisker plots,
stem-and-leaf diagrams, etc.
1 (i) Mice weight
I A A
T
100 150 200 250 300 350
weight (grams)
(i) Minimum 120g, range of 180 g. Maximum is 300 g.
LQ=210g, IQR=60g, UQ=270g
Mice weight
I
EEEEEEEREEE
100 150 200 250 300 350

weight (grams)
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2 Representing and interpreting data

(i) The median weight of the second sample of mice (i) The median weight for Team A is higher than
is lower than the first. Team B.
The range of weights for the second sample is In general, the weight of the people in Team A is
larger than the first. greater.
The interquartile range of the second sample is The range of weights in Team B is greater than
smaller than the first. Team A.

In general, the weights of the first sample were The IQR is similar for both teams.

higher than the weights of the second sample. 4 A side-by-side bar chart would work well here. Two
The weights in the first sample are skewed pie charts, one for boys and one for girls, would also
towards the higher values. work. There are many ways to represent this data!
The weights in the second sample are skewed Students” opinions
towards the lower values. 24
22
2 16|0 3 4 20
18
15 o 16 boys
14 4 % 14 M girls
3|0 4 5 8 g 2f
=10
12| 2 0
11| 2 6 9 6
10| 9 ;
2
9 5 0 [ .
yes no undecided
(ii) Median =130 min Boys’ opinions Girls’ opinions
UQ =144 min
LQ =116 min

no
(115°)

(iii) length of DVDs
[ 11 [T
[ [ [

I I
|1 |1
90 100 110 120 130 140 150 160 170

D

time (min) 5 (i) The scale on the vertical axis does not start at zero.
3 ) Toam A | ToamB (i) The axes al‘*e n())t labeled, the 3D perspective
makes the ‘“Yes’ category look larger.
LQ 82.5 62 (i) Line graph is not appropriate, and the scale is
Median 89 73 not uniform.
UQ 97.5 80 (iv) Using 3-D objects is not appropriate, making the
width and height twice as large makes the 200 g
(i) . ‘\Tv‘ei‘gl‘lt‘s of players barrel appear much more than twice the ‘size’.
EEEEEEN 6 (i) 23
foem (i) w=x=0
(iii) z= 8 or 9 so UQ is 38 or 39
EEEEn (iv) Stem-and-leaf diagrams show the shape of the
T distribution of the data more clearly.
EEEEEE All of the data values are seen in a stem-and-leaf
40 S0 60 70 80 90 100 110 120 diagram.
weight (kg)

Simple to see the mode.
(v)] Box-and-whisker plots show the summary
values of the median and quartiles without any

calculation needed.
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2 Representing and interpreting data

2.2 Histograms and cumulative frequency graphs (ii) 4“ Histogram of test scores
L]
. 2 3
Length | Frequency, | Frequency | Cumulative z
(x cm) f density frequency <
0<x<2 2 1 2 g 2
g ESas
2<x<4 15 7.5 17 | ]
4<x<8 22 5.5 39 o=
8§=x=<10 7 3.5 46 L L L L >
0 5 10 15 20
2 f = 46 test score
(iii) A Cumulative frequency of test scores
(ii) A Histogram of earthworm lengths Z 50 .
8 | g >
; g 40
N Pe
%‘ 6 2 30 e
5 g
S = 20
5 4 o d
i el N
= 0 5 10 15 20
2 ] test score
1 RN
. _ Median=9.5 LQ=62 UQ=13.8
2 4 6 8 10 (iv) 19
length (cm)
(v) 20 students
(iii) A Cumulative frequency of earthworm lengths
50 3 i)
40 // Time (min) | Frequency, | Frequency | Cumulative
g /" f density | frequency
=
E 30 // 0=x<6 6 1 6
g / 6=x<12 8 1.33 14
2 20 //
3 ) 12<x<20 24 3 38
10 20 < x <30 7 0.7 45
A > 30<x<40 3 0.3 48
1 2 3 45 6 7 8 9 10
length (cm) Zf =48
(iv)] LQ=3.3 Median=5.1 UQ=71 i
i
(v) 46-9=37 . .
\ Histogram of times on phone
. 3
2 (i) =
Score | f Boundaries | Width | FD | CF 52
>
0—4 7 | -05<x<4.5 5 1.4 7 S 1
o
5-9 | 18 45<x<95 5 |36 | 25 =
10-14 14 9.5<x<14.5 5 2.8 39 0 s 10 15 20 25 30 35 40
time (min)
1520 11 14.5 < x < 20.5 6 1.83 | 50
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2 Representing and interpreting data

(iii) A Cumulative frequency of time on phone

50

/l//x
40 //
30

20 /

cumulative frequency

10 /

0 5 10 15 20 25 30 35 40

time (min)

Y

(iv) Median = 15.2
(v) 48 — 11 =37 spend more than 10 minutes.

4 1) [Time (fminutes) | 5<t=<20 | 20<t=<30 | 30<t=35 | 35<t=45 | 45<t=<60 | 60<t= 80

Frequency 9 32 63 50 30 16
. _ 2% 9x12.5+32 %25 463 X 32.5 + 50 X 40 + 30 X 52.5+ 16 X 70
(ii) Mean = =
2xf 9+32+63+50+30+16
= % = 38.275 minutes = 38.3 minutes (3 s.f.)
5 | Runs Frequency | Frequency | Cumulative
density | frequency 1 (i)
0-4 8 1.6 8 COlevel (ppm) | Frequency, f | Frequency density
- 2
5-25 21 1 29 0<x<?2 2 5= 1
26 - 49 48 2 77 12
2<x<4 12 5 =6
50-99 20 0.4 97 20
4<x<6 20 5 =10
100 - 120 3 0.14 100 14
6<=x<10 14 i 3.5
100
8
10<x<14 8 1-2
6 (i) IQR=69—-45=24 4
14<x<18 4 1-1
(accept 23.5-24.5)

(i) 60% of 1200 =720
x=063or 64
(iii) CF at 68 marks is 860

Number of students above 68 = 1200 — 860
=340

Histogram of CO level

—_
[\

—_
S

oo

frequency density
(o)

~

NS}

2 4 6 8 100 12 14 16 18 20
CO level (ppm)
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2 Representing and interpreting data

(ii) (a) [ cotevel Cumulative 3
(ppm) Hrequentyi frequency ¢ F
=ron 5 5 No. of | Frequency, Class - C.lass reque.ncy
cars, ¢ f boundaries |width| density
2<x<4 12 14 .
4<x<6 20 34 1-4 6 0.5=<c<45 4 1=
6=<x<10 14 48 10
5-9 10 45=<c¢<95 5 €=2
10<x<14 8 56
25
l4<x<18 4 60 10-19 25 95<c<195| 10 | [7=2°
2=15
1 CO levels 20-25 9 19.5<c<255| 6 6 L
60 =
50 A Histogram of car numbers
& 7 DA e 3
3 1
= 40 =5 :
S 30 . 25
Z 1
2 2 x | g
Il SRssasassa Al ! g 2
= t
5 10 : ; =
,I ! } 5
0 *—= : i > 513
0 2 4 6 8 10 12 14 16 18 g
LQ median uQ 90th percentile & 1
CO level (ppm)
(b) From the graph, the median = 5.6, LQ = 4.1, UQ = 9. 0.5
(c) 90th percentile ~ 13.2
(d) Drawing a line from 5 ppm to the curve and 0 5 10 15 20 25 30
across to the vertical axis gives a value of about number of cars
23. So the number of days when the reading is 4 i) A
above 5ppm is 60 — 23 = 37 140 T
. . 130 =
The graph can be drawn with curved lines also...
120
4 CO levels
60 _ 110
~ 100
>
5 50 § %0
2 40 & 2 80
S 30 y 2 70 /
e =60 /
Z 20 £
g £ 3 50
® 10 / 40
0 = 30 f
0 2 4 6 & 10 12 14 16 18 -
CO level (ppm) R RaRaERERERy ARmARmRaRmaRsRaRREREE
10

2 (i) Median=35.5 LQ=25 UQ=43 0 35 40 45 50 55 60

(ii) time (x min)
| A (ii) k=49.2 min
lass (ii)
mEmmm Time f |Midpoint | fm fm?
as (x min) (m)

30 = x<40 5 35 175 6125

R 40<x<45| 29 42.5 1232.5 | 52381.25
0 10 20 30 40 50

score 45=<x<50| 55 47.5 2612.5 | 124093.75

50=<x<60| 43 55 2365 130075

132 6385 312675
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2 Representing and interpreting data

Mean = 6385 _ i
135 48.4 min(3 s.f)

SD = 311236275 — 48.4% =5.38min (3 s.f)

5

Time FD | Frequency | Midpoint | fm | fm*

(t hours) (m)

0s=sx<l1 8 8 0.5 4 2

1=x<2 |20 20 1.5 30 45

2=<x<4 |25 50 3 150 | 450

4=<x<6 |12 24 5 120 | 600

6=x<10| 45 18 8 144 | 1152
120 448 | 2249

(i) Mean= % = 3.73 hours

(ii) SD= % —3.73..2 = 2.19 hours

Past exam questions

1

cumulative frequency

(i) 12567
0268
1223456688

457899

N W

Key: 2|1 represents 21 glasses of water

(ii)

No. of glasses of water

W no. glasses

0 10 20 30 40

(i)

Cumulative frequency of
nitrogen content

60
50
40
30
20

/

3.5 4
nitrogen content

4.5

(i) CF at 4.4 is approximately 55,
hence there are 70 — 55 = 15 samples above 4.4

Percentage greater than 4.4 = % x100%

=21.4%
(iii) Median = 4.15

frequency density

(iv)

1204
1104
100+
90
80
704
60
50
40
30
20
104

Nitrogen Frequency Frequency
content density
x=<35 0 0
35<x=<38 6 20
3.8<x=<4.0 12 60
40<x=<42 23 115
42<x=<45 21 70
45<x=<438 8 26.7

Histogram of nitrogen content

(ii)
(iii)

(i)

T T T T T T T T T 1
3536373839 4 414243444546474849 5
nitrogen content

Weights of rugby players

2 12
6 5 11 1 3 5
9 7 4 0 100 |1 8
9 8 7 6 1 9 4 5 6
4 4 2 8 2 3 4 6
7 57 9
Team A Team B

Key: 5 [11] 1 represents 115kg Team A and 111kg
Team B

IQR =109 -91=18kg

Total weight of 15 players = 1399kg

Total weight of 16 players = 93.9 x 16 = 1502.4kg
Weight of new player = 1502.4 — 1399 = 103.4kg

Capacity Frequency Frequency
(000s) density
2.5- 40 8
7.5- 30 6
12.5- 18 1.8
22.5- 34 1.7
42.5-82.5 8 0.2
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3 Probability

Stadium capacity (i) Cumulative frequency of
84 —— caterpillar lengths
200
7
2z ¢ ] ., 160 /
s /
o =
g 4 2 120
2 3 2
= z 80
2 =
5
1
X 40
0 10 20 30 40 50 60 70 80
capacity (000s)
0 1 2 3 4 5
(ii) length in centimetres
Capacity f Midpoint fm Number of caterpillars between 3.5cm and 2cm
(000s) (m) is approximately 134 — 24 = 110
2.5— 40 5 200 (iii) Cumulative frequency of
caterpillar lengths
7.5- 30 10 300 200
12.5- 18 17.5 315
160 /
22.5- 34 32.5 1105 5 /
g
42.5-82.5 8 62.5 500 % 120
[i=]
130 2420 E
é 80
=
Mean = % = 18.6 thousand = 18600 °
40
(i) Median is between the 65th and 66th values so /
in the 8000—12 000 class.
0 1 2 3 4 5
LQ is the 33rd value so in the 3000—7000 class. length in centimetres
i C lative fi f .
5 (il s et Longest 6% is 94% of 200 = 188th length
200 Approximately 4.5 cm
10 C (i) A
o
g 10 (iii) B (iv) E
2
= (v D
5 80
:
4 7 3 Probability

3.1 Basic probabilit
T B m e

. . a 13 _1
length timet; = ==
ength in centimetres 1 (i) =1

Median =3.2cm, IQR=3.7-2.6=1.1cm i) =1
52 13

a1

(i) =5

16 _ 4
W 5=13

8_2
W 55=13
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3 Probability

2kl (2 2x2x )i (2% 2x2x]
H H1I |H2 |H3 |H4 |H5 |Hé6 _(6X6)+(6X6X6X6)+(6X6X6X6X6X6)
T T1 T2 |T3 | T4 T5 | Té6 3 5
=242 42
.. 1 L2 4 6
(ii) B 6~ 6° 6
7 This is a geometric series with a = 2 and
lii) = , , 36
12 _5 .5 _5_25
iv) 3 -1 6* 6 6> 36
W 5=y 5
. a __3 _5
3 (i) Se =Ty 2511
36
w 7 Probability that Cody wins on her first turn
4 _1,2,1_1
7 2%3%6718
Probability that she wins on her second turn
_1,2,5,1,2,1_1.5_5
T2%3%6% 273767187187 324
3 Continuing the pattern we get
7
1 (1 o5\, (1 (5
B 187 (18 18)+(18 % (18) )*
1(,,5 ,(5)
18(1 +igt (18) + )
4,3_2 = 1(_1_
(ii) (a) ZXe=7 18[1_5]
18
4.3,3.,4_4
bl Zxg+7X6=7 118
18 13
4 (i) 112,121,211, 321 1
(ii) Total no. outcomes =6 x 6 x 6 =216 13
Alternately, let the probability of Cody winning be ».
so P(total of 4) = 21 316 712 7 P Y Y ghep
The probability she wins on her first turn is — 1
(iii) No. ways of getting 6: 18
The probability that no one wins on the first round is
114, 141, 411, 123, 132, 213, 231, 312, 321 1,2_5_5
0 s 2737618
so P(total of 6) = =2 1
216 72 The game then starts again so p = = T p
5 () Difference 1 2 3 4 - _p _1
1 0 1 2 3 157 = 1s
=1
3 2 1 0 1 _1
P=13
4 3 2 1 0
(ii) P(difference less than 2) = }—0 = % 8 Platleastone6)=1- P(’I:O 6s)
5
(g
(iii) P(difference at least 2) = % % 6
_3y40= _(2) =
No. games won—8><40—15 1 (6) =0.99

5 n
=(2
0.01 (6)

Using guess and check, n =26
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3 Probability

9

(i) The first packet bought obviously contains a
new card. The probability that the second packet

bought contains a different card is % so it takes, on

average, % packets to get the next card. Similarly,

after Olivia has the first two cards, the probability

that any randomly chosen packet has the last card
1

The total number of packets is 1 + % +3= 5%

(i) Using the same logic the number of packets
needed on average to collect all 6 cards is

6,6, 6,6,6_
I+2+7+3+5+7=147

(iii) Looking at the expression above

1+§+§+§+§+§canbewrittenas

5 4 3 21
1,1,1, 1.1
6(6+5+4+3+2+1)
So in general the number of packets needed for a

. 1, 1,1 1
full set of n cards is n(1+ > + 3 + 1 + n)

3.2 Independent and dependent events

1

is 3 S0 on average she would need to buy 3 packets.

(i) Die 1
M| 1| 2|3 5
Die| 1 | 1| 2] 3 5
2 2 2 4 6 8 | 10 | 12
30316 9 |12]15] 18
4 | 4| 8 | 12|16 20| 24
5 15 [10] 15|20 25| 30
6 | 6 | 12| 18| 24| 30 | 36
Lol _ 7
i) 35 =15
.0 19
Hnyjy =
(]36
o 11
(lv]36
(v) 26 _13
36 18
P(Sor T)=P(S)+P(T)—P(Sand T)
_1,.19_ 11
2%36 36
_13
18

(vi) If independent then
P(Sand T) =P(S) x P(T)

so Sand T are not independent.
Since P(Sand T) #0

S and T are not mutually exclusive.

(i) 0.4x0.6=024

(i) 0.6 x (1 —0.4)=0.36

(iii) P(D or C) = P(D) + P(C) — P(D and C)
=04+0.6—024
=0.76

(iv) No they are not mutually exclusive as
P(D and C) #0.

If two events are independent then
P(D and C) =P(D) x P(C) so P(Dand C) 20
So if the events are independent they cannot be
mutually exclusive.
li) P(AandB)=0.32x0.5=0.16
(ii) P(A or B) =P(A) + P(B) — P(A and B)

=0.324+0.5-0.16
=0.66
[i] Late
0.15
C
0.98
0.85 On-time
0.02 C

(i) 0.98 x 0.85=10.833
(i) 0.02 +0.98 x 0.15 = 0.167
Or 1-0.833=0.167

-1 =1
P(A) = g and P(B) ¢
If independent then

P(A and B) =P(A) x P(B)

1_1,1
36676

So A and B are independent.
Since P(A and B) # 0, the events are not mutually
exclusive.

3.3 Conditional probability

(i) P(AandB)=0.4x0.8=0.32

P(A and B) _032 _4
P(B) 0.8 ’

or, since A and B are independent
P(A|B)=P(A) = 0.4

_P(BandA)_032 _,,
P(A) 04

or, since A and B are independent
P(B|A)=P(B)=0.8

(i) P(A|B)=

(iii) P(B| A)
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3 Probability

(i - -

P(D)=0.3+p

P(DNC) _ p
P(C) ~ 06

P(CND) p 1

(i) (a) P(D|C) = =04 = p=024

(bI P(C|D) = P(D)  p+03 4
4p=p+03
3p =023
p=01
(c) Cand D mutually exclusive = P(CN D) =0
p=0

(d) C and D independent

= P(CND)=P(C)xP(D)
p=06%x(p+0.3)

p=06p+0.18
0.4p =0.18
p =045
(i) 07 B 063
M
0.9
03 B 027
B 0.09
0.9
0.1
M/
0.1 B 001

(i) 0.63+0.09=0.72

P(M and B)

(iii) P(M|B) = o E)

_063
0.72
7

=0.875 or g

(iv) If M and B are independent then
P(M and B) = P(M) x P(B)
but 0.63 #0.9 x 0.72
So M and B are not independent.
Or

Since P(M|B) # P(M) the events are not
independent.

(i) 0.8 Won

In
0.6
0.2 Lost 0.5 Won

09 ~1In
0.4
Out 0.5 Lost

0.1 Out ; Lost

(i) P(Win)=0.6X0.8+0.4X0.9%0.5

=0.66
P(F and W)
P(W)

_0.6x0.38
0.66

=0.727 (3sf.)
(iv) If F and W are independent then
P(Fand W) =P(F) x P(W)
but  0.48 #0.6 x 0.66

so Fand W are not independent.

(iii) P(F|W) =

(i) 0.95 _- Positive P(VP) = 0.00475
0.005
0.05 Negative P(VN) = 0.00025
0.02 _~ Positive P(V'P)=0.0199
0.995 P
0.98 Negative P(V'N) =0.9751

(ii) P(incorrect)

=0.005%0.05+0.995x%0.02
=0.02015
_P(Vand P)
(i) P(V|P) = )
_0.00475
0.00475+0.0199
=0.193 (3s.f.)
(i) c v

28

(i) (@) P(C") = 0.66

b)P(M|C)=24_12 _
(b) P(M | C) =15 = 0706 (3s)

PC|M)=10 _ 5 _
(c) PC|M") 35 = 19 = 0263 (3s.£)
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3 Probability

7 Maths | English | Total
Boys 105 92 197
Girls 84 112 196
Total 189 204 393

li) P(B)= % =0.501 (3s.f.)

(i) P(M’) = % =0519 (3s.f.)

(jii) P(B | M) = % =0.556 (3s.f.)

liv) P(M |B’) = 189;46 —0.429 (3sf.)

(v) If M and B are independent then
P(M and B) = P(M) x P(B)
105 _, 189 197

but 393 * 393 %393

So M and B are not independent.
Or

Since P(B| M) # P(B) the events are
not independent.

8 (i) P(CT)=005+0.15+0.28+0.1 =0.58

P(Sand CT)
P(CT)

_005
0.58

-5 .
=g 0.0862

(i) If the events were independent then
P(V N CT) = P(V)x P(CT)
but 0.28 #0.35x%0.58

So the events are not independent.

Further practice

1 A={1,3,5}and B=1{2, 3, 5}

P(S|CT) =

A B

(S

(i) PANB)=1
3
(ii) P(A U B) = %+ % +% = % (from diagram)
or P(A U B) = P(A) + P(B) — P(A N B)
= % + % - % = % (using the formula)

(jii) Since P(A M B) # P(A) x P(B) i.e. % 11

22
A and B are NOT independent.
Since P(AN B) #0,
A and B are NOT mutually exclusive.

(i) Since F and G are independent then
P(F N G) = P(F) x P(G)
0.1 =0.25x P(G)
PG) =L =04

0.25
(ii) P(FUG)=P(F)+P(G)-P(FNG)
=0.25+04-0.1
=0.55

(i) After choosing a blue ball from box A and
placing it in box B, there are now x + 4 balls in
total in box B and x of them are white.

(i) _4 B

(VAN

(V3 1o%)

1

5

20=x+4=x=16

P(AW and BW)
P(BW)

3.x+1
_ 5 x+4

3.0x+1 2 X
5% x+4 5% x+4

3(x+1)

5(x +4)
3x+3 . 2x
5(x+4) 5(x+4)

_3(x+1)
T 5x+3

_3x+3
5x+3

(iii) —2 =

X+

liv) (AW |BW) =
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3 Probability

4 Die 1
1 1 3 4
1 2 2 4 5
1 2 2 4 5
Die 2
3 4 4 6 7
4 5 5 7 ]
a 8 _1
(i) 16-2
i 6 _3
(ii) 63

(iii) To find if two events are independent, see if
P(A N B) =P(A) x P(B) In this case

P(ANB) = 1 , P(A) = P(B)
1 1 1
Clearly 6% 1%1g%° the events are not

independent.

In fact, if A does not happen, B cannot happen so
they are certainly not independent.

In this case P(A Nn B) # 0, so the events are not

mutually exclusive.
_P(PandA)
P(P|A) = “PA)
o1
0.4
=1 or 0.25
) .
Won
Home <
Lost
Won
Away
Lost
(ii) P(Won) = (0.6 X 0.8) + (0.4 x 0.5) =0.68
_P(HAW)_048 _12
(iii) P(H |W)= B " o6s =17 = 0706 Bsf)
(i) P(BJ]A)=P(B)=0.2
(ii) P(A or B)=P(A) + P(B) — P(A and B)
=0.75 +0.2—-0.75x 0.2
=0.8
(iii) Since P(A and B) # 0, A and B are not mutually
exclusive.

8 (i) Usinga Venn diagram:

Prefer CoPops
Boy
10
_9+15+6 _30_3
P(Boy or CoPops) = 0 "i0- 4
OR
P(Bor C) =P(B) + P(C) — P(Band C)
_24,21_15
T 40 40 40
-30_3
40 4

(ii) G: person chosen is a girl.
C: person chosen prefers CoPops.
If independent,
P(G and C) = P(G) x P(C)

6,16 21
but 35 # 20 % 20

So the events are not independent.

9 0.7 Alarm on On time
0.8 Late
03 ™\ Alarm off
0.2 On time

(i) P(on time) = 0.7+0.3%0.2 = 0.76
(i) P(Alarm on|on time)

_ P(Alarm on and on time)

P(on time)
_ 07 _35
= OF =32 =0921(35f)
10 (i) P(atleast one six) = 1 — P(no sixes)
510

=1-(3)
=1-0.16150...
= 0.838 (3s.f)

(i) 1—(%)n > 0.99

n
(%) <001

Using trial and error, n > 26
(iii) P(Russell wins)
= P(A blue, R red)
+ P(A blue, R blue, A blue, R red)
+ P(A blue, R blue, A blue, R blue, A blue, R red)
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3 Probability

(54 (55 A 3 A) (5403, 2,1
—(9X8)+(9X8X7X6)+(9X8X7X6X5X1
_23_

=53 0.365 (3 s.f.)

Past exam questions

1

(i) 24=24x%x1,12%x2,8%x3,6%x4
Q:(12,2) or (2,12), (8,3) or (3,8), (6,4) or (4,6)

-6 _1
P((;))_144 24
.. . _ 4 _1
(i) P(one die>8) =15 =3

P(both dice > 8) = 1
OR
List all 16 possibilities:
9,9) (9, 10) (9, 11) (9, 12) (10, 9) etc...
(iii) Since P(Q N R) = 0, Q and R are exclusive.
(iv) If independent, then
P(QN R) =P(Q)xP(R)

butO;«r&Lxl

249

So Q and R are not independent.

OR

If the events were independent then
_ _ 1

P(Q[R) = P(Q) = 5

But P(Q|R) = 0 so the events are not

1
9

W=

independent.
(i) 0.05 >65
Cell 025 305
0.68
0.7 <30
> 65
0.64
0.32
No cell 0.1 3065
0.26 30
- _P(Cn30-65)
(i) P(C[30-65) = P30 —63)
_ 0.68 x 0.25
0.68 X 0.25+0.32 x 0.1
=0.842 (3s.f)
(i) 0.7x0.7=0.49
(ii) P(Ben champion)
— P(BB) + P(BTB) + P(TBB)
=049+ 0.7x0.3%x0.74+0.3x0.7x0.7
=0.784

)

(i) P(Tom won 2nd | Tom champion)

_ P(Tom won 2nd and champion)
a P(Tom champion)

_ P(WW)+P(LWW)
1-0.784
_03%x0.3+0.7x0.3%0.3
0.216
_17 _
=22 =0708 3sf)
4 (i) Kitchen Kitchen
leftin a not left
mess inamess | Total
Meal served 1 1 1
on time 10 10 5
Meal not 1 3 4
served on 2 10 5
time
Total 3 2 1
5 5

(i) P(Meal not on time|Kitchen left in a mess)

_ P(Meal not on time and kitchen left in a mess)
N P(Kitchen left in a mess)

1
-2
3
5
_5_
== 0.833 (3 s.f.)
5 0.85 On time 0.255
Walk
0.3 0.15 Late 0.455
On time 0.02
0.4
Bus
0.05
0.6 NLate  0.03
Ontime 0.585
0.65 0.9
Cycle
0.1
Late 0.065
_P(CNL)
P(C|L) = D)
_ 0.065
0.045+0.03 + 0.065
=0.464 (3s.f.)
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3 Probability

Stretch and challenge

1 Assume that the probabilities of being born in each
month are all equal, i.e. L. P(at least 2 born in same
month) 2

=1 — P(none born in the same month)

12_11_10_9 _ 8
(12X12X12X12X12)

=1-0.382...
=0.618...

P(2KN = 1K)
P(= 1K)

_ P2K)
=71-p
4 .3
52 %51
48 _ 47

=5 %51

~0.0303 (3 s.f)
3 (i) P(Cam wins)
= P(TTH) + P(TTTTTH) + P(TTTTTTTTH)

2 PQK|=1K)=

(i) P(Win at least one game)

=1 - P(Win no games)

-

=0.965 (3s.f.)
1i03=38
4 07x3+03=1%

5 (i) P(Sahil will win)

=P(Win in 3 sets) + P(Win in 4 sets) +
P(Win in 5 sets)

(3] () <) o< <3
=0.68256
=0.683 3 s.f)
(ii) P(win from 2 —0)
=P(W) + P(LW) + P(LLW)
(2 Ex G+ <6
=0.936
So Sahil should get $936 000.

6 P(undetected)

= P(King finds no false coins)

_ (2)100
100

=0.366

7 Consider the case where P(A) = 0. Then
P(A)x P(B) X P(C) = 0 and also (AN BN C) = 0.
Now consider that B and C are not independent so
that P(B N C) # P(B) x P(C). So the three events are
not independent but the equality holds.

8 Yesitis true.
P(A’nB’)=1-P(AU B)
=1- (P(A) +P(B)-P(AN B))

Since A and B are independent this becomes
=1~ (P(A) + P(B) - P(A)P(B))
=1-P(A) - P(B) + P(A)P(B)
= (1-P(A))(1-P(B))
=P(A") X P(B")

9 (i) P(Raviwins first game)

—Lso02+1ix05+1x08

3 3 3
=05
P(W, " W,)

li) P(W,|W,) = A

1 P(Win both|good) + P(Win both|average)

3 +P(Win both’beginner)
0.5
(02°+05°+087)
0.5

10 P(Green Ist draw)

_ g
g+r

P(Green 2nd draw)
=P(RG) + P(GG)
-1
=girxg+§'—1+gigi-rxg§-r—l
g L 8le-1)
(g+r)g+r=1) (g+r)(g+r-1)
_gitrg—g
(g+r)(g+r-1)
_ glg+r-1)
(g+r)(g+r-1)

__g
g+7’
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4 Discrete random variables

: : iii) S 1 :
4 Discrete random variables lii) Sample space
Die 1
1 (i) p=0.62 Dl 12 ]3]4]>]6
ii) p+2p+3p+4p=1 1 0 1 2 3 4 5
10p=1
1P 2 1 0 1 2 3 4
P=10" 0.1
, , 321 o0 1] 23
(iii) p +2p+2p =1 Die 2
3p+2p—1=0 4 3 2 1 0 1 2
Gp-Dlp+1=0 504321101
p= % or—1
Since probabilities cannot be negative p = % 6 > 4 3 2 ! 0
2 (i) We could use a probability tree: d 0 1 N 3 4 5
H  pHH)=0.25
0.5 _ 6 | 10 | 8 | 6 [ 4 | 2
PD=d) | 35 | 3¢ | 36 | 36 | 36 | 36
H
0.5 3 (i) We want to find the value of r so that 12 = 3.
0.5 T PHD) =025 Sor—4 r
. . 4 2
H P(TH)=025 The probability X = 3 is then 03
0.5 .
0.5 (i) r 1 2 3 4
T
12 12 12 12
x R_opllaog | 2oy 223
1 2 1 3 2
P X= — _— = = = =
h 0 ) ) =¥ 5 |i0=5| 10 5
P(H=h) 0.25 0.5 0.25 So the final table with the values of X in

numerical order would look like this:

(ii) . B BBB irl
0.5 0 girls o 3 . . ”
B
0.5 ; !
0.5 G BBG | girl P(X=x) 2 4

2 1
B 5 10 5 10
0.5 B BGB 1 girl
0.5 05
. G ['
< Number of 4s 1 2 3 4
0.5 G BGG 2 girls
. 1 0 0 0 1
0.5 B GBB  lgirl
2 0 0 0 1
0s 05 ~ B <
' 05> G GBG 2girls 3 0 0 0 1
G
0.5 B GGB 2 girls 4 1 1 1 2
0.5 <
G
0.5 G GGG  3girls X 0 1 2
_ 9 6 1
g 0 1 2 3 P(X=x) 16 16 16

P(G=g |0.125 |0.375 |0.375 |0.125
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4 Discrete random variables

120

5 (i) WhenX=24,T=24:>r=5
_ _s5_1
SoP(X—24)—15—3
(i) [ 1 2 3 4 5
x 120 | 60 | 40 | 30 | 24
_ 1 2 1 4 1
PX=% | 15 | 15 5 | 15 3

(iii) The modal value of X is 24
(liv) P(35 < X < 90) = P(X = 40 or 60)
2 n 1 1

“1575°3

6 (i) Ifthe correct order is ABCD, we can look at each
of the 4! = 24 different arrangements to see how
many letters go in the correct envelope.

ABCD 4 | BACD 2 | CABD 1 | DABC 0
ABDC 2 | BADC 0 | CADB 0 | DACB 1
ACBD 2 | BCAD 1 | CBAD 1 | DBAC 1
ACDB 1 | BCDA 0 | CBDA 1 | DBCA 2
ADBC 1 | BDAC 0 | CDAB 0 | DCAB 0
ADCB 2 | BDCA 1 | CDBA 0 | DCBA 0
—=2_-3
P(X=0)= 24-3
i) [y o | 1| 21]3] 4
_ 3 3 | 5 1
P(X=x) 8 | 8 | 24| 9 | :a
(iii) The modal values are 0 and 1.
; —ox L 2 1_
1 (i) E(X)—0><10+5><5+10><2 7
(2o 1 22,2 21\ _ 2
Var(X)—(O X +52x 2410 xz) 7

=11
o=+11=332 (3sf)
(il E(X)=-1x0.15+0x0.35+2x0.5=0.85
Var(X) = ((—1)2 x0.15+02 %035+ 22 x 0.5) ~0.852
=1.4275
6=/14275 =1.19 (3s.f)
2 (i) E(X)=-1x0.65+4x%0.35=0.75
Var(X) = ((—1)2 X 0.65+ 4% x 0.35) —0.75>
=5.6875
(i) P(X>u)=P(X>0.75)=P(X=4)=0.35
3 EX)=5xp+10x(1-p)=8
5p+10—10p =8

10-5p=38
—5p=-2
p=% or 0.4

a+02+b+04=1
a+b=04
E(X)=-3xa+1x02+2xb+4x04=2.1
—3a+02+2b+1.6=2.1

-3a+2b=03
Solve simultaneously
a+b=04 . @
-3a+2b=03 .. @
3a+3b=12 ... ®x3
5b=15=b=03
a=01

EX)=2xp+3x(1-p)
=2p+3-3p

=3-p

Var(X)=2>x p+3°*x(1—-p)—(3-p)?
=4p+9-9p—(9-6p+p°)
=p-p’

p-p>=024

pP—p+024=0

Using the quadratic formula,

p=04 or 0.6
x p—400000 p
P(X=x) 0.0012 0.9988
E(X) =500

(p — 400000) x 0.0012 + p X 0.9988 = 500
0.0012p — 480 + 0.9988 p = 500
p — 480 =500

p = $980

(i) P(double) = %

5 D' Lose 1 token
6
5 Y
6 1
6 D  Win 3 tokens
1
6
D  Win 5 tokens
X -1 3 5
_ 25 5 1
o= 36 36 6
. w2545 e ]
(i) E(X)= IX 5243 X5 +5%
= g of a token

If he plays the game 50 times, his expected profit

: S _ 597
is 50 % 5= 279 tokens.
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4 Discrete random variables

8 (i) 10x 1% = 15 so profit is 5 points
(ii)

White Points gain 0.5 1 1.5 2 2.5 3
Die 1 2 3 4 5 6 2 -10 | -10 | =10 | =10 | =10 | -10
Die | Score | 0.5 1 1.5 2 |25 4 -10 | =10 | =10 | -10 0 2
1 2 1 2 4 5 6 6 -10 | =10 | -10 2 5 8
2 4 2 4 6 8 10 12 8 -10 | -10 2 6 10 14
Red 3 6 3 6 12 15 18 10 -10 0 5 10 15 20
(<
4 8 4 8 12 16 20 | 24 12 -10 2 8 14 20 26
2 10 > 10 | 15 120 | 25 | 30 Since there are 4 entries with a gain of 2 points,
6 | 12 | 6 | 12|18 |24 3036 41
P(Y =2)=3¢=¢
L 10 o 2 |5 |6 |8 10 |14 |15 |20 |26
17 1 1 1 1 |1 1 |1 1 |1 |1
P(Y=y) 36 |18 |9 |18 |3 |18 |18 |18 |36 |18 |36
; 17 1 1 1 1 1 1 1 1 1
(ivl E(Y) = - IOX36+0X18+2X9+5X18+6X36+8X18+10X18+14X18+15X36+20X18+26X36
-1 :
=—3¢ 0.0278 (3 s.f.) points
1 i) E(X)=Yxp=-2x04+1x0.1+2x05=03 (i) E(S)=3x%+4x%+5x%= 4

(i) Var(X) = Yx2p — {E(X)}?

Var(s) = 3> ><%+42 ><%+52 x%—42
=(=2)%04+1>x0.1+2%x0.5-0.3
5062
=3.7-03’ 3 3
=3.61 .
(vl [ 2 | 3
Standard deviation =/Var(X) = +/3.61 =19 PL=1) 1 2
(iii) Since (-2)*=2*=4 you can combine the 3 3
probabilities for the first and last values of X. L=E(L)=2x 1,342_8_,2
> 3 3°3°°3
x 1 4
P(X2=x?) 01 09 3 (i w LB WWB 2whitc
i =5 = w
2 (i) P(S=5)="P(2 then 3)+ P(3 then 2) i < LW owew 2w
1.1,1.1 5
=ZXS+HIXS B
327372 p
] 3 B WBB | white
=3 T W BWW 2white
Another way to find the possible sums is to write 3 w <
out all the possibilities (since there are only 3 % B BWB 1 white
B
’C, = 3 possible sums) % W BBW 1 white
Since each sum is equally likely, P(S=5) = % B <
" BBB 0 white
(i) g 3 4 5 :
1 1 1 32yl 1
P(S=s) 3 3 3 PW=0=5x4%3%10

Cambridge International AS & A Level Mathematics Probability & Statistics 1 Question & Workbook © Greg Port 2018




4 Discrete random variables

lii) P(W=1)=P(WBB) + P(BWB) + P(BBW)

2,32
5 4 3

:(—x—x—)+(§xlx2

Once we know two of the probabilities, the other

5 2 3

5 2

et

3

one can be found easily since the sum of the

probabilities is 1.

(L. 3}_3
P(W=2)=1 (10+5) 2
w 0 1
_ 1 3 3
P(W=w) 10 5 10
1 3 3 _1_
(m]E(W)—0><10+1><5+2><10 15 1.2
(ivi P(W < E(W)) =P(W < 1.2)
—P(W=0)+P(W=1)
1,3
1075
-7
10
a8 _1
4 i) 20><16 3
P(G, N Gp)
(i) P(G,|Gy) = —a—E
(64168) =5,
8 11
__ 20"16
8 11,12 10
20 %16 720 % 16
_ 0275
0.65
— 0423 (3s.f)
(i) P(X = 0) = P(GG) = 2 x 1L = 0.275
2016
P(X =1) = P(GB) + P(BG)
_8.,5.12.10
=20%16 720" 16
=05
oy p(pE) =125 6 _
P(X =2) = P(BB) = 22 x £ = 0.225
x 0 1 2
P(X=2x) 0.275 0.5 0.225
5 X:number on die
X 12131456
P(X=x) | 0.18 | 0.18 | 0.18 | 0.18 | 0.18 | 0.1

1

3

P: points scored

p

-3

5

10

P(P=p)

0.72

0.18

0.1

E(P) = —3x 0.72 + (5% 0.18) + (10 X 0.1) = —0.26

Expected score after 100 rolls is 100 x (—0.26) = —26

Past exam questions

0 [y 0 1 2
1 4 2
P(X=x) = 7 -
= — 1 4 2_8
(ii) E(X)_0><7+1><7+2><7 7
—oxlaq2a 4,22 (8Y
Var(X)=0 ><7+1 ><7+2 ><7 (7)
= 0.408 (3s.f)
P(GNA’)
iii) P(G|A") = ————
[III] ( | ) P(A’)
2,1
_ 574
2,1,3,9
5%4%5%70
_5 _
= 35 = 0156 (35.)
(i) P(one white rabbit)
= P(WW’) + P(W'W)
-6,3.3,6
~9%8%9%%
1
2
ii) P(no white rabbits) = 3x2 =06 — L
(ii) P(no white rabbits) 5X5 =75 =1
P(two white rabbits) = 65_30_5
98 72 12
X: number of white rabbits selected
X 0 1 2
_ 1 1 S
P(X=2x) 12 2 12
— 1 1 S5 _4_
(iii) E(X)—0x12+1><2+2><12—3—1.33
(i) Spinner A
1 2 3 3
3| -21-1 0 0
SpinnerB | 2| -1 | 0 | 1 1
-1 1 2 2
1 3 4 4
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4 Discrete random variables

lii) | x =21-11]0 4 4k + k + 4k + 16k = 1
25k =1
px=n | L|L|L1]|2]2 1|1
16 | 8 4 |16 | 16 | 16 | 8 k=0.04
(i) BOO = —2x L4114 0x 1 (iii) E(X) =-2x4k+-1xk+2x4k+4x16k
iii) E(X) =— X{gt1Xg+0x g+ _ a3k
3 3 1 1
= = = = =63x0.
1X16+2X16+3X16+4X8 63 x0.04
=0.75 =2.52
OR
(2 xL+(-1)2xLro02xly
Var(X) = 16 8 4 12 E(X)=-2X0.16+-1x0.04 +2X0.16 + 4 x 0.64
2,3 , 5,23 22,1 2.1 _
1 ><16+2 ><16+3 ><16+4 ><8 =2.52
=1e- 1
- 2875 1 (i) P(Double)=1,P(sum<7)=12 =3
- 6’ 36 12
(iv) P(X is even|X is positive) 122 7 Win lollics
_ P(X'isevenand X is +)
P(X is +) s D
6
5 7
~ E 5 >7 Lose 1 lolly
-9
16 1
_5 6 D Win 5 lollies
9
x -1 2 5
4t 35 25 1
Die 1 PE=x 1722 |72 | %
1 2 3 4 5 6
S E(X)=—1x3—5+2x§+5xlzﬁzli
Die2 | 1 |0 | 1|1 |1|1]1 72 72 6 72 24
2010|212 |2]2 (i) Many answers possible, for example,
3 1 2 0 3 3 3 Forfeit = 3 lollies
4 | 1|2 |3 |04/ 4 Prize for rolling double = 2% lollies
51112131405 Prize for < 7 on 2nd roll = 3 lollies
6 1 2 3 4 5 0 If the forfeit is a lollies, the prize for < 7 on 2nd roll
is b lollies and the prize for double on 1st roll is ¢
s 0 1 2 3 4 5 .
lollies, we need any values of a, b and ¢ such that
PO=9) | = |30 | 2% | = |3 | = 35 25 12
- 36 | 36 | 36 | 36 | 36 | 36 _gx 22 22 12 _
a><72+b><72+c><72 0
(i) E(S)=0x%+lx%+2x%+ —35a+25b+12c¢=0
] A , 2 E(N)=1
3x 36 Tax 36 X 36 Consider when n = 1, it is obvious that E(N) = 1.
= % ~1.94 (3s.f.) Consider when n = 2, there is a 50% chance that
the first person will choose their own name so
5 (i) P(X=-2)=k(-2)" =4k
(iy B )= k(=2) E(N)=0><l+2xl=1
P(X = 2) = k(2)* = 4k 2 2
- Consider when n = 3. The probability distribution
(i) [ -2 -1 2 4 will be

P(X=x) | 4k k ak | 16k

24 Cambridge International AS & A Level Mathematics Probability & Statistics 1 Question & Workbook © Greg Port 2018




5 Permutations and combinations

n 0 1 3 3 (i) 5x5x5x5x%x5=3125
lii) 5x4x3x2x1 =5'="P, =120
P(N=rn) 1 1 1 ;
3 2 6 liii) 5x4x3="P, =60

] ] | (ivl4x3x2x2=48
SOE(N)ZOX§+1XE+3XEZI [V] §X§X2X1X2=36

Similarly for n = 4. 4 (i) There are 8 letters in the word, with three Es

n 0 1 2 4 and two Ss. So the number of arrangements is
8!
_ S 18 |6 |1 <2l 000
P(N— n) 24 ﬁ ﬂ ﬂ
(i) There are 6 digits, with two 1s and two 9s, so the
. _ 6!
_av 9 8 6 1 _ number of arrangements is ~——,= 180
E(N)_0><24+1><24+2><24+4><24_1 o 21% 2!
This is essentially the same as in question 6 in 20x 2!
exercise 4.1 where these probabilities are tabulated. i) 2 =60
2!
3 Obviously P(H =1) = p (iii) 180 — 60 = 120
P(H =2)= p(1— p),P(H = 3) = p(1- p)’ 6 2x2x2=8
h—
P(H =h)= p(1-p)"" 7 (i) Ifyou treat John and Rachel as a single ‘object’
4 E(X)=p+3(1-p)=3-2p there are now 5 objects to arrange which can be
) ) 5 done in 5! ways. In each of these arrangements,
Var(X)=1"xp+3°(1-p)=(3-2p) John and Rachel could swap around, JR A B C
=p+9—9p—(9—12p+4p2) D, so the final answer is:
=4p—4p* 51 % 2 =240
E(X) = 2Var(X) (i) To find the number of ways where they are not

together, subtract th ber of th
3—2p=2(4p—4p2) ogether, subtract the number of ways they are

together from the total number of ways the

3-2p=8p-8p’ group of 6 could be arranged:
8p> —10p+3=0 6! — (5! x 2) = 480
(4p-3)(2p-1)=0 8 (i) L3 =25740
1 3 8!x 3!
p=~or>
204 ti) § =120
5 Permutations and i) 11! = 990
combinations o 1 -8 60
313121
(i) Grouping the red blocks as one object, you now
1 (i) 6'=720 have 6 objects - the red blocks, three green
T 6!
(i) 5= 120 blocks and two blue blocks 3151 = 60

(jii) 2 x 5! = 240 (iii) First you can arrange the 3 red and 2 blue
T .51
(iv) 2! x 5! = 240 blocks in A 2= 10 ways. In each of those

p arrangements we can place the green blocks in
lv] 6 x5x4o0r°P =120

. the ‘gaps’ in 6X357'X4 = 20 ways
2 (i) =060
2 RR R BB
) _ 4! -
1 26028 or 12 24 T
(i) g_" %3 =18 So the total number of ways is 10 x 20 = 200
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5 Permutations and combinations

(iv) You need to consider the different cases of the
top and bottom blocks being green, red or blue.

If the top and bottom blocks are green (or red),
you have 6 blocks to arrange in the middle, with
two identical blocks and three identical blocks
in the middle.

Number of ways with green top and bottom

_ 6!
= 3121~ 60

If the top and bottom blocks are red, we will also

have 60 arrangements.

If the top and bottom blocks are blue, we will
have 6 blocks to arrange in the middle - 3
identical red and three identical green blocks.

Number of ways with blue blocks top and

6! _
ﬁ—ZO

Total number of arrangements = 60 + 60 + 20 = 140

bottom =

Another method involves finding the probability
that the arrangement will have two blocks

at the top and bottom the same colour, then
multiplying this answer by the total number of
arrangements.

P(same top and bottom) = P(both green or red or
blue)

_3,2,3,2,2,1_7
“8X7Te*7TR*7 728

Number of ways = 2_78 X 560 = 140

(v) Grouping red blocks as one object, there are now
6!
312!

!
60 arrangements, there are % = 20 arrangements

where the blue blocks are together, so the number

6 objects and = 60 arrangements. Of those

of arrangements where the three red blocks are
together and the two blue blocks are not next to
each other is 60 — 20 = 40.

10 (i) 6* =1296

lii) 6x5x4x3="°P, =360
(iii) Total number — number with no red
= 1296 -5 = 671
(iv) There are 6 colours to choose from for the ends,

then 6 choices for both middle spots.
6X6X6=216

5.2 Combinations

1 (i) °C, =84

lii) *C; =4 (or*C, x°C, = 4)

(i) °C, x *C, = 40

(iv) 1 woman or 2 women or 3 women
=1C, x°C,+*C, x°C, + *C; x °C,

=40+30+4

=74

OR 84 — no. ways with no women
=84-°C,

=84-10

=74

i) °c,, =1365

i) "Cqx °Cy x *C; =210

(i) "*C,, = 1001

livl °C, x °Cyy = 572

°cs =°C, =126

The group of five could go in either car:

126 x 2 =252

4 different colours: 5x 4 x 3% 2=5!=120

3 different colours:

First choose the colours 5 ways.

If the colours chosen were B, W, R:

2B1W 1R or 1B 2W 1R or 1B 1W 2R

each in 421—: = 12 arrangements, total 36 ways.
Total for 3 different colours = 36 x °C, =360
2 different colours:

First choose the colours in °C, ways

If the colours chosen were blue and green we could

have
. 4! . 4!
BBBG in ? =4,GGGBin ? = 4 arrangements
1
BBGG in % = 6, total of 14 arrangements

Total for 2 different colours = °C, x 14 = 140

Bronson only has 3 pegs of any colour, so he cannot
choose all 4 the same.

Total number = 120 + 360 + 140 = 620

i) c, =35

(i) 2 or 3 tropical fruits

=°C,x*C,+°C; x *C, =22
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5 Permutations and combinations

6

1

2

3

(i) 3!x2!x5!x4!=34560

(ii) 7! x8x 7 x 6 x5=28467200

liii) C, x °C, x *C, = 40

liv) 2H 2F IN or 2H 1F 2N or 1H 2F 2N or
1H 3F IN or 1H IF 3N
(2C2 x°C, X 4C1)+(2C2 X °C, x 4C2)+
(PCix°Cyx'Cy)+(PC x PCy x ey )+
(2C1><5C1><4C3)
=40+ 30+120+ 80 + 40
=310

5.3 Probability with arrangements

0 oG- 3-1

—2=2=
c, 21 7
(ii) 1 - P(no funk CDs)
_1_3C0X4C2:1_£=§
= C, 2077
1 6
(i) X G _6 _2
7 21 7
2
31x21x21x 2! _ 48 _ 1
6! 720 15
4! 25!
o224 25570 2
5! 60 5 5! 5
2! 2!

OR

There are two numbers out of the 5 that are odd so
Plend in odd) = £
(ii) Number of ways starting with 2:

2. ___=4'=24

Number of ways starting with 4:

_ 4l
=3 <
Total number of ways = 36

4 12

P(start with an even number) = 36 _3

60 5
OR

There are 5 numbers, 3 of them are even so

P (start with an even number) = 3

5
(i) To be greater than 30000, the number must start
with a 3 or 4 (2 choices)
4!
2X =
__ 21 _24_2
P(>30000) = —5= = 25 =%

4 5
. Gy x°Cy 5
(i) P(no boys) = 79C4 = D¢

(ii) P(atleast 1 girl) = 1 — P(no girls)

_,_Gx'Cy
= .
- 125
126
PG x7C a1 1
(iii) 9C4 126 6

2 7
() TS
4
(v)] The girls can be arranged in 5! ways and the
4 boys go in the ‘gaps’ at the two ends and
between the girls.

51X 6x5x4x3 43200 5

9l = 362880 42~ 0119
5l
(i) % =60
oo 4l 2
m160—5_04
(i) P(E first) + P(E second)
-2,3 3.2
_5x4x1x1x1+5x4x1x1x1
_3
5
OR
2x3x3x2x1+3x2x3x2x1
_ 2! 2!
- 60
_3
5
6C6 1
(i) TCG = 3838380 0.000 000 261 (3 s.f.)
6 34
_SCyxMC, | 119680
(i) e 3838380 0.0312 (3s.f)

(iii) P(at least one even number)

=1 — P(no even numbers)

. 20C6
40C6
38760 _
= 1- 530000 ~ 0,990 (3 .£)
3
. 3C
i) - = —-5 = 0.000129 (3 5.£)
3
6 __1 _
5+ = T26 = 0000772 (3.0)
5
o Gy X6X5 150 _ 25 _
(ii) pe = 7202 = Thog ~ 00193 (3s.f)
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5 Permutations and combinations

L0 2X5l 5
(iii) o 162 0.0309 (3 s.f)

(iv) There are 3 possible ways to get two 6s in at most
two rolls.

6 = getting a six
6’ = not getting a six
(66) or (66’ then 6) or (6’6" then 66)

_(1 1 1,51
_(6X6)+(2X6X6x6)

5,511
+(6X6X6X6)

= 0.0934 (35.£)
8 (i) P(Full house)

_Pox ey x e x Gy a7aa
e, 2598960

~0.00144 (3 s.f)

(ii) P(Two pairs)

2
P x(fG) xMerx e 1235
= e, = 2598960
~ 0.0475 (3 s.£)

(i) P(Four of a kind)
_ P x e x e x e 624

2¢c ~ 2598960
5
= 0.000240 (3 s.f.)

(iv) P(Royal flush)
! G 4

T %¢, T 2598960

Further practice

1 (i) You must consider that the two 5s are identical.

~ 0.00000154 (3 s.f.)

!
The answer is % =60
(ii) If the number ends with the 3, the number of
1

arrangements is 2 X % X1=6
If the number ends in one of the 5s, the number

. 31x2_
of arrangements is 2 X S =12

So the final answeris 6 + 12 =18

2 (i) P(one of each)

5 3 4
_ 7Gx °Cy X C1_3~
= —12C3 {1~ 0.273 (3 s.f.)

5 7
(ii) P(one apple) — “GixCG 105 _ 21
12C3 220 44

5 7
N Cy X C3_7
(iii) P(X—O)_—12C3 =
5 7
A\ sz C1_7
5 7
o GxCy g
P(X—3)—T—Z
OR
o 7,21 l}:L
P(X =3)=1 [44+44+22 22
x 0 1 2 3
_ 7 |21 7 | 1
PX=2 | 7 | 12 | 22 | 22

3 (i) 9'=362880

(i) There are now 6 separate groups:
B/B,B;B, G, G, G; G, Gj

These 6 groups can be arranged in 6! ways. In
each of these ways, the boys can be arranged
in 4! ways. The total number of arrangements
is: 6! x 41=17280
(iii)
G B G B G B G B G

5 x 4 x 4 x 3 x 3 x 2 x 2 x 1 x 1

Front

The 5 girls can be arranged in 5! ways, the

4 boys can be arranged in 4! ways. The number
of arrangements is:

5! x 4!1=2880

(iv) There is one choice for the first position, the rest
of the students can be arranged in 8! =40 320
ways.

1 x 8 x 7 x 6 x5 x4 x 3 x 2 x1

(v) It would be wrong to say the answer is the
difference between (i) and (ii) ... this leaves other
cases where 2 boys are standing next to each
other and the others are separated.

The way to approach this problem is to slot the
boys in the gaps between the girls:

A

The girls can be arranged in 5! ways. There are

6 spots for the first boy to go, 5 spots for the
second, 4 for the third and 3 for the fourth boy.
The total number of arrangements is:

51 x6x5x%x4x3=43200
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5 Permutations and combinations

4 (i) The first person has 8 seats to choose from,

then the second has 7 to choose from and so on.
8P, = 40320

(i) There are 2 choices for the driver seat, leaving
6 other people to fill the 7 remaining seats.

2x 7Py =2%5040 = 10080

(iii) Find the number of ways where they are next to
each other and subtract from the total.
There are two choices for the driver seat and
four choices of two seats together. In each of
these four arrangements, the two children can be
interchanged.

Number of ways together =
2! x(4x2)x°P, =1920
Number of ways apart = 40320 — 1920 = 38400
(iv) There are 5 window seats, so the number of ways
the girls can be seated at a window is 5 x 4 = 20.
The driver seat is taken, which leaves 5 seats
left to choose for the other 4 family members in
°P, = 120 ways.
Answer is 20 X 120 = 2400
i) 'Cc, =35
(i) There are now three places left on the team and 6
people to choose from so °C; = 20

(iii) Choose the boys and girls separately and
multiply to get the total number of ways
‘C,x°C, =18

(ivl More boys than girls means 3 boys or 4 boys in
the team. The word or here means we add the
number of combinations for each case:

No. teams with 3 boys = *C, x °C, =12
No. teams with 4 boys = *C, x °C, =1
Total number of teams =12+ 1=13

il S suv U
301 1 %C,x*C x°C, =1344
2 2 1 *c,x*C,x°C, =1008
2 1 2 %C,x*C, x°C,=1680
1 2 2 fcyx*c,x°c, =720

Total = 1344 + 1008 + 1680 + 720 = 4752

(ii) 4 objects to arrange, then the sedans and the
trucks can be swapped.
4!x2!x2!'=96

(i) Sedans at end 2!
3! to arrange vehicles in the centre
6 possible ways to place the block of vehicles

between the spaces
6Xx3Ix2!=72

7

1

il C D K
302 2 SCyx*C,x°C, =360
2 3 2 fC,x*C;x’C, =180
22 3 °C,x*C,x°C; =90

Total = 360 + 180 + 90 = 630
(ii) 3!x3!x2!x2!=144
(i) 4! x5x 4 x 3 =1440

(i) 9!=362880
(ii) Number of ways with pink and green together
=8!x2 = 80640

Number of ways apart
=362880—80640
=282240

liii) P, = 504 OR °C; x 3! = 504

liv)'C, x 8C, x 3! =168

(v] Number of ways with pink next to green
=PG_orGP_or_ PGor_GP
=7+7+7+7(0r7x2!x2)

=28

Number of ways apart = 504 — 28 = 476
. 10! _
(i) 5yscq = 1260

(i) (a) ®P, or *C, x 4! = 1680
(b) 2C, x °C, x 4! = 360

lilA B C
7 1 1 °C,x°C x3=216
5 3 1 °Cyx*Cyx'C, x3!=3024
33 3 2C,x°C, x°C, =1680

Total = 216 + 3024 + 1680 = 4920

li) P, =360360

(ii) 5x10x4X9x3=>5400

(iii) Number of ways with 3 or 4 or 5 males
=5C, x°C, +°C, x°C, +°C, x '°C,
=450+50+1
=501

(iv) Need a further 3 performers.
Number of ways with 2 or 3 males from the
remaining 13 people — 9 female and 4 male
=1*C,x°C,+Cy x °C,
=54+4
=58
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6 Discrete probability distributions

_9

4 i) g g7= 7560
lii) 2% 725 7 L5=210
(iii) Group all the Es as one object, there are now
6 objects.
6! _
o= 360

liv) (*Cy x ’C, x°C,)+2=3
(v) Number with no Rs: °C; =1
Number with one R: 3 (see (iv))

Number with two Rs: °C, X °C, =3

Total =7

5 (i) Number of ways with Book A at ends

__ 9 _
=Skl 0
Number of ways with Book B at ends
__ 9 _

T A4IX5! T 126

Total ways = 756 + 126 = 882
(i) With all the Book A together there are 6 objects

with the As and Cs
AAAA C C C C C

bttt

7 gaps for the two B’s

Number of arrangements is

6!
5|

Stretch and challenge

()
—+ =
r r+1 r+1
_ n! n!
LHS = (n—r)r! * (m—r=DI(r+1)!
nl(r+1)+nl(n—r)
(n—=r)l(r+1)!
nlr+n'+nln—nlr
(n—r)l(r+1)!
_ nln+1)
S (n=r)(r+1)
(n+1)!
((n+1)—(r+1))'(r+1)'

n+1
Tlr+t

= RHS

x7C, =126

2 For any one of the players, there are 11 opponents he
could play. Consider a third player, there are 9 people
he could play. Continuing like this we get
ITX9X7Xx5X3Xx1=10395
OR

12!

g5 = 1039
X

There are 12! ways to arrange all 12 players in an
imaginary line, as 6 pairs; but there's a lot of double
counting, as the 6! arrangements of the pairs are
equivalent, and so are the swaps of each pair, hence 2°

3 Let A be the event that at least two people share the
same birthday.
A’ is the event that no one shares the same birthday.

P(A)=1-P(4")

_1_(365, 364, 363, 362 365—k+1
=1 (365X365X365X365X X365 )
365!
_,_(365- k)l
S ELEE]
365
365!

3655(365 — k)

6 Discrete probability
distributions

6.1 The binomial distribution

Not appropriate, the number of trials is not
fixed.

(ii) Appropriate, X ~ B(3,0.5)

(iii) Not appropriate, the number of trials is not
fixed.

(ivl Not appropriate, the probability changes at
each trial.

(v]  Appropriate, e.g. X ~ B(20, 0.9)

(vi) Appropriate, X ~ B(S,%)

(vii) Could be appropriate if P(1st) is constant in
each race e.g. X ~ B(10,0.2)

(viii) Not appropriate, breakage of eggs would not
be independent.

2 (i) 06
(i) 0.4x04=0.16
liiil C~B(5,0.4)

5
livl P(C=3)= (3) x 0.4° % 0.6% = 0.2304

(vl P(C < 2)= P(C=0)+P(C=1)+P(C=2)

5 5

=(Oj x 0.4° % 0.6° + (1 j x 0.4 x0.6*
5

+ (2) X 0.4% % 0.6°

=0.07776 + 0.2592 + 0.3456
=0.68256 = 0.683(3 s.f)
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6 Discrete probability distributions

vi) P(C = 1)=1-P(C=0)

10 10
5 5 (4J><‘1>4><(1—‘17)6=2><[6j><p6><(1—p)4
=1—[0j><0.40x0.65

1— p)° 6
=0.922 (35£) 210 21 N 34 = 420 %
(vii) [”j x0.4° x 06" = [”j x 04" x 0.6 (1-py=2p’
3 4 1-2p+p* =2p*
y(n”ii?))!xo.f % 0.6"° =4!(+L4)!x0.44 X 0.6"7* 0=p>+2p-1
406" 04* (n-3) Using the quadratic formula, p =0.414 (3 s.f.)
317 06"t - 0.4° 8 (n—4)! 6 X:no. of thick crust pizzas in next n orders
4%0.6=04x(n-3) X ~B(n,032)
24=04n—12 P(X = 1) = 0.99
3:6.=04n 1-P(X=0)=0.99
n=9

P(X=0) < 0.01
3 (i) P(Holden car) = %

n
- 0.32°0.68" < 0.01
(ii) Two outcomes — Holden or Ford. 0

Probability constant — % of cars are Holden. 0.68" < 0.01
Each car is independent. n=12
_ i 7 X:no. of puzzles solved each week
Fixed number of trials (10).
0y [yt (g1 X ~ B(7, 0.85)
(iii) P(H=4)=(4JX(§) X(g) (i) P(X>5)=P(X:6OI'7)
- 7 7
=0.0569 (3 s.f) - (6J(0.85)6(0.15)1 + (7j(0.85)7(0.15)0
(iv) P(H = 8) =P(H =8 or9or 10)
=0.717 3s.f)
_[10 2 8 1 2 (10 2 9 1 1 - 3
=g *13) *3) Tl g X\3) *\3 (ii) (0.717...)> =0.368 (3 5.f)
10) 5010 q)0 8 X:no. times the train is late on any day
(i<
P(X>1)=P(X =2o0r3o0r4)
=0.1951 + 0.0867 + 0.0173
=1-P(X=0or1l)
=0.299 (3s.f)
4 (i) There are two outcomes - blue or white. —-1 _{(3)(0'12)0 (0.88)* + (f](OJZ)l (0.88)3}
The probability is constant — the first ball is
replaced. =1-0.9268...
Each draw is independent. =0.0732(3s.£)
There are a fixed number of trials — 2 draws. Y : no. days the train is late more than once in the
i) n=2, p=%:0.6 next week
Y ~ B(7,0.0732)
So X ~ B(2, 0.6)
liii) P(X=1)=°C, x 0.6 x (1-0.6)>" =048 P(Y =2) = [2}0.0732)2 (1-0.0732)°
liviP(X=1)=P(X=1)+ P(X=2)
=0.0769
=1-P(X=0)
=1-"Cyx0.6" x (1-0.6)" 9 (i) X:depth of randomly chosen drum
=1-0.16 x 8 10
=0.84 P(X=x) 0.75 0.25

E(X)=8x%0.75+10 X 0.25 = 8.5
Var(X) = 8% x0.75+10% X 0.25 — 8.5% = 0.75
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6 Discrete probability distributions

(ii) Either 10” then 10” or 8" then 8”
P(both the same) = 0.25 x 0.25 + 0.75 x 0.75 = 0.625

(iii) For a depth of 34” we need exactly three 8”
drums and one 10” drum

Y : number of 8” drums chosen out of 4
Y ~ B(4, 0.75)
P(Y =3) = *C, x0.75° x 0.25' = 0.422 (3s.f)

6.2 The expectation and variance of B(n, p)

1

C~B(8,0.2)
(i) E(C)=8x02=1.6
(i) Var(C)=8x0.2x(1—-0.2)=1.28

H ~ B(40, 0.9)
(i) E(H)=40x09=36
(i) o(H)= /40X 09X (1—0.9) =1.90 (3s.£.)
(i) n=3(3ballsdrawn) p= % =04
lii) E(X)=3x04=12
(i) Var(X) =3 x 0.4 x (1 — 0.4) = 0.72
(liv) 6(X) =072 = 0.849 (3s.£)
np=4
np(l —p) =3.92
=4(1-p) =392
=392
(1-p==7
p=0.02=2%
n=200
X: no. broken eggs in a carton

X ~B(12,p)
E(X)=np=048 = 12p =0.48 = p =0.04
PIls=X=<3)

=0.386 (3s.f)

6.3 The geometric distribution

1

(i) X~B(5,0.5)
(ii) X ~ Geo(0.5)
(i) X ~ Geo(0.5)
(iv)] X ~ B(10,0.5)
(v) X~ B(8,0.05)
(vi) X ~ Geo(0.05)
(vii) X ~ Geo (%)

(i) X: number of attempts for first success
X ~ Geo(0.8)
P(X=3)=(1-0.8)>0.8 = 0.032

(ii) P (at most four attempts)
= 1- P (fails on all of first four attempts)
=1-02"
=0.998 (3 5.f)
X: number of children until they have a girl
X ~ Geo(0.5)
lil P(X=4)=(1-0.5)0.5=0.0625
. _ 1
(ii) E(X)= 05 = 2
X: number of tests needed to pass X ~ Geo(0.7)
il P(X=2)=(1-07)07=021
li) E(X)=-L =143 (3sf)

1
7
:>4=%:>p=0.25

o

(i) EY)=

=

lii) P(Y=6)=(1-0.25)°0.25 = 0.0593 (3 s.f.)
liii) P(Y=8|Y=4)=P (Y>3)=P(Y=5)
=(1-0.25)"0.25 = 0.0791 (3 s.f)

X ~ Geo(0.05)
i -1 _
li) P(X=10)=(1-0.05)’0.05 = 0.0315 (3 s.f)
1

X: number of rolls to get a double X ~ Geo (6)

. 12 1
(i) P(X=3)=(1—g) XE
(ii) P(At most three attempts) = P(X < 3)

=1 — P(fails on all of first three attempts)

—1- (%)3 = 0421 (3 s.f)

=0.116 (3 s.f)

Further practice

12 12 12
- ( : ]0,0410.96” +[ ; ]0.0420.96“’ +[ : Jo.0430.969
1

; —oxl 1 1 1_7
(i) E(X)_0><2+1><4+2><8+3><8 3
Var(X)

PCIVS SAPE IS BAPTIV0 AP 100 BN VAN
=0 ><2+1 ><4+2 ><8+3 ><8 (8)

_71 _
= 1= L11(3sf)

(ii) X: number of of 1s from 10 throws, X ~ B(IO, %)
P(X <3)
=P(X=0,1,2,3)

(S &G ()
LS EYE () eer

=0.776 (3 s.t.)
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6 Discrete probability distributions

(iii) X: number of 2s from 10 throws, X ~ B(lO, 8)

o= (V)

= 0.0920 (3 s.f)

2 np=18andnp(l—-p)=12

18(1-p) =12
l—p—%
1-p=2

nx%=18:>n:54

3 X:number of questions answered until the first

correct answer
X ~ Geo(0.25)
P(X=6)=(1-0.25)>0.25 = 0.0593 (3 s.f)
(i) Possible multiples of 4:
8, 12, 16, 20, 24 out of 20 possible years.
Since each is equally likely,

P(multiple of 4) = % = i =0.25

X ~ B(8,0.25)
i) P2 < X <4)

8 8 8
= (2j0.2520.756 + [3)0.2530.755 + (4)0.2540.754

= 0.606 (35.f)
liii) X ~ B(n,0.25)
n
P(X =0)<0.02= [0] 0.25%0.75" < 0.02

= 0.75" < 0.02
=n>13.6
The least possible value of # is 14.
li) P(X=4)=(1-04)0.4 = 0.0864
lii) P(X>4)=P(X=5)
=1-P(X<4)
=1-(1-0.6%
=0.6*
=0.1296

6 (i) P(Win on any spin) = {5 =

1 _
5—0.2

X: number of times she spins a number greater
than 8 in 6 spins

X ~B(6,0.2)
P(X >1)=1-P(X =0,1)

6 6
=1- Kojo.z%.s6 + (Jo.zlo.sf‘}

=1-0.65536
=0.345 (3s.£)
.. . k
(ii) P(1spin<k)= 10
k
X ~ B(n, / 0)

k_

E(X) = 30:>” =30

Substituting into ’1110( 30,

6—“: =
10 30=>n=>50

(i) X: number of of flawed glasses in sample of 10
X ~B(10,0.08)

PX=1)= (110] 0.08'0.92° = 0.378 (3s.f.)
(i) X~ Geo (0.08)

P(X=5)=(1—-0.08)"*x 0.08 = 0.0573 (3 5.f)

(i) Y: number of boxes with at least one flawed glass
10
P(X =0)= [ 0 ] 0.08°0.92'° = 0.434 (3 s.f)

P(X=1)=1-P(X =0)=0.566 (3s.£)
Y ~ B(50,0.566)

50 20 30
P(Y =20)=| 0566 (1-0566)

=0.00724 (3s.f)

(iv) In 50 boxes there are 500 glasses.
Z: number of flawed glasses in 50 boxes.

Z ~ B(500, 0.08)

500
P(Z=20) = ( 0 JO.08200.92480 =0.000128 (3 s.f.)
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6 Discrete probability distributions

3 (i) X:number of integers generated < 4

1 X: number of puzzles completed X~B (5» g)
X ~ B(n, 0.75) P(X > 2)
(i) P(X=n)<0.06 —1-P(X <1)
0.75" < 0.06

By guess and check, 7 = 10 =1- KZ] (g)o (g)s " @ (%)1 (%)4}

i) X ~ B(14, 0.75)

E(X)=14%0.75 = 10.5 =1-0.265
14 » . =0.735 (3s.t.)
P(X=10) =(10Jx (0.75) "x(0.25) =0.220 (3 s.f.) (i) X: number of integers generated < k
14 I 3 X~ B(n, g)
PX=1D=| = [x(075)"x(025)"=0240 (3 5£)
E(X):%=96=>nk=864
X =11 has the highest probability.
(i) P(X > 11) = P(X = 12, 13, 14) Var(X) = n(%)( - %) =32
14 14
=| 10750252 +| |0.75"%0.25' n_k(l - k) -3
12 13 9 9
N (14J 0.75140.25° Substituting into 2nd equation,
96(1 - k) =3

=0.281 (3s.f) ?
Y: number of months when Sue completes more 1- g = %
than 11 puzzles k 2
Y ~ B(5, 0.281) 973

5 k=6
P(Y=3)= (3j0-2813(1 -0.281) nk = 864 = nx 6 = 864

n =144
=0.115 (3s.£) 4 (i) n=121is the greatest number

P(X=12)=0.7"2 = 0.0138 (3 s.f)

2 (i) X:number of fireworks that fail to work (i) P(X < 10) = P(X < 9)

X ~ B(20, 0.05) o P(X=10, 11, 12)
P(X >1) 12 b
1 10 2 1 1 12
=1-P(X=0orl) =1 KIOJ (0.7)7(0.3)" + (11) (0.7)"(0.3)' +0.7
- 1_{0 952 +[20]00510 9519} = 1-02528...
! = é—i = 0.747 (3 5.£)
=0.264 (3s.f)

(ii) P: profit for company stretch and challenge

Profit if no refund =450 x 10 — 20 x 24 = $4020
Expenditure = 20 x 24 = $480 1T X~ B(3, %)
Profit if refund = —$480

P(X =0)= (%)3 =0.125

P 4020 —480
P(P=p) 0.736 0.264 PX =1) = 3 (1)1(1)2 0375
1 \2) \2 ’
E(P) = 4020 X 0.736 + —480 x 0.264 A
= $2832 oy l)(l)z_
$ P(X = 2) @(2 1) 0475
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7 The normal distribution

Plum=2)=P(0,2+P(1, 1) + P2, 0) 7 The normal distribution
=0.125%0.375+4+0.375 % 0.375

+0.375%0.125 71 Using normal distribution tables

=0.234 (3s.f) 1 (i) P(Z<1.92)
2 X:number of patients that need further surgery from =0.9726
a sample of n patients. (ii) P(0 <Z=10.765)=0.7779 - 0.5
X ~ B(n,0.02) =0.2779
P(X =0)=0.7 (iii) P(Z > 1.058)

=1-0.8550 (3 s.f))

n
0.02°0.98" = 0.7
0 =0.1450 (3 s.f.)

0.98" = 0.7 (iv) P(Z < —0.257)
n=17.7 =1-0.6014
Sample size of 18 =0.3986
3 (i) P(atleast one accident in 7 days) (v] P(-1.26 < Z<2.417)
=1 — P(no accidents in 7 days) =0.3962 + 0.4921
=1-0.88 =0.8883
=0.591 3 s.) (vi) P(Z = -1.172)

(ii) X: number of weeks where there is at least one

=0.8794
(vii) P(0.068 < Z < 1.925)
=0.9729 - 0.5271

accident on the freeway

X ~B(10,0.591...)

P(X = 3)
=0.4458
=1-P(X=0,1,2)
(viii) P(—1.818 < Z < —0.844)
10 10
( 0 j 0.591°0.409'° + ( . ) 0.591'0.409° =0.9655 — 0.8006
=1- 0 =0.1649
+ ( 5 ) 0.591%0.409° (ix) P(—0.522 < Z < 1.263)
00143 =0.3968 +0.1992
- =0.5960
=0.986 (3 s.f.)
4 E(X) = » 7.2 Solving normal distribution problems
Var(X)=p-p>=0.16 1 (i) P(X=38)
2 38—30
- p+0.16=0 =p|z=220=0
ror 0.2 0r0.8 [ V25 j
p=R.aord. =P(Z=16)
5 X: number of people who fail to arrive = 1-0.9452
X ~ B(224,0.04) 00548
P(not enough seats) (i) P(X < 23)
= =
P(X<3) :P(Z<23—30j
224 224 25
= 0.04°0.96%** + 0.04'0.96** V25
0 1 =P(Z <-14)
224 224 =1-0.9192
+ 0.0420.96*% + 0.04°0.96*!
( 2 j 3 =0.0808

=0.0200 (3 s.f)

The assumption of independence may not be
satisfied as it is likely that there will be pairs or
groups of people who are late for the same reason.
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7 The normal distribution

(i) P(X = 21.8)
= p[z = Mj

25
=P(Z =-164)
=0.9495

(iv) P(24.7 < X < 40.25)

-

V25 V25
=P(-1.06 < Z < 2.05)
= 0.4798 + 0.3554
=0.8352

(i) X:waiting time to order

_4-35_
= 08 0.625

P(X > 4) = P(Z > 0.625)
=1-0.7340
=0.2660 (3 s.f.)

2— 3.5)
0.8

=P(Z < -1.875)
=1-0.9697
= 0.0303
(iii) P(2.8 < X <5.2)
—p(28=35
B P( 0.8

(i) P(X <2)= p(z <

<7< 5.2—3.5)

0.8
=P(-0.875 < Z < 2.125)

=(0.9832 - 0.5) + (0.8092 - 0.5)
=0.7924

li) P(X = 395)

395 - 400
= =222~ 32U
plz = 25510)

= P(Z = -1.515)
=0.9351
(i) P(X > 402)

_ 402 — 400
= P(Z > — 33 )

=P(Z > 0.606)
=1-0.7276
=0.2724

(i) P(404 < X < 408)

_ P(404—400 < 7 < 408400

33
=P(1212 < Z < 2424)
=0.9923 - 0.8873
=0.1050 (3 s.f)

3.3
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24.7 =30 _ 7 < 40.25-30

4 (i) (a) P(H <167)

_ P(Z - 16?/4_7172)
= P(Z < ~0.729)

= 1-0.7669
=0.2331

(b) P(H >183)
183172
=p|z>18-172
-3
= P(Z > 1.605)
=1-0.9457
= 0.0543

| |

(c) P(155 < H < 163)

:P[155—172 < ;< 163-172
V47 V47
= P(-2.480 < Z < -1.313)

= 0.9934 — 0.9054
= 0.0880 (3 s.)
=P(Z <1.167)
= 0.8784

(i) P(H < 180)
_ P(Z _180-172
No. students less than 180 cm
=~ 86 x 0.8784=75.5

J47
So 75 or 76 students.
(i) P(T <15)

V10
=P(Z < -1.581)
=1-0.9430

= 0.0570 (3 s.f.)

:P(Z<15—20j

(i) X: number of times she prepares the meal in
under 15 minutes in the next week

X ~ B(7, 0.057)
P(X<2)=P(X=0orl)

7 7
[OJ0.057°(1 -0.057)" + (1 10.0571(1 ~0.057)°

) =0.9440 (3 s.f.)



7 The normal distribution

7.3 Inverse normal

1 (i) a=0.8103s.f)
(ii) b=-0.539
(i) ¢ =2.054 or 2.055
(iv) d=-1.439
(vl e=2.576

2 (i) P(Z<k)=0.635= k' =0.345
_k-12
0345 = “—
k=12.8625=129 (3sf)
lii) P(Z <k’)=0218 = k' = —0.779
~ _k-12
0779 = S52

k =10.0525=10.1 (3s..)
3 P(Z<k')=003= k' =-1.881

B _ k=22
1.881 = "=

k =20.8714 = 2095 (3s.f)
4 P(Z=Kk)=004= k' =1.751

_k—45
1.751 = i3

k =53.4048 =53.4m (3s.f)

5 (i) P(Z=k)=0005= k' =2576

_k-56
2.576 = 3

k = 89.488 = 89.5% (3 s.f.)
lii) P(Z <k’)=025= Kk =-0.674

oy _ k=56
0.674 = 3

k =47.238=472% (3s.f)

7.4 Finding the mean and variance

1 P(Z<Kk)=03=k'=-0524
12—u

—0.524 = —5

p=14.62=14.6 (3stf)

2 P(Z>K)=09= k' =-1282

—1282=6=8
(o2

o =1.5600 = 1.56 (3 s.f)

3 P(Z<k)=003= Kk =-1881

95—-u
Ji5
U =16.785=16.8 (3s.f.)

-1.881 =

4 P(Z<2)=0.843 = z=1.007
30—

20
U =25496 =255 (3s.f)

1.007 =

5 T time for trip
P(T>30) =1
P(Z>k)=02= k'=0.842

0.842 = 30=25
(o2

0 =5.9382=594 (3s.f)

6 P(Z>K)=015= K =1.036
P(Z <K") =001 = k" = —2.326
1.036 = liT_“ —1.0360 =15-

2326 = 1?7“ = 23260 =1- U
Subtract the two equations

33620 =0.5

0 =0.149m (3s.f)

U=135m (3s.f)

7 M: markin exam
li) P(M < 46)

_ 46 — 56
= P(Z < 13 )

= P(Z < —0.769)

=1-0.7791

=0.2209 = 22.1% (3 s.f)
(i) 100% — 22.1% = 77.91%

77.91%
2

So you want the top 38.955%
P(Z > k’) = 0.38955 = k’ = 0.28

m—56
13
m = 59.64% = 60%

= 38.955%

0.280 =

8 X: height of a randomly chosen Year 12 student.
1 2
X =N (g4

(i) First find the z value so that P(Z > z) = 0.04 or

P(Z < z) = 0.96.
z=1751
1751 = 1824
1
15H

1,18
751X 7ot =182

0.116731 =182 — i1
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7 The normal distribution

[+ 0.11673p = 182
11167311 = 182

U =163cm (3s.f)

(ii) First find the probability that any one student is
over 180 cm tall.

=1,=1 -
O =1zH 15><163 10.9cm
_ 180 — 163
P(X >180) = P(Z > 09 )
=P(Z >1.567)
=1-0.9414
=0.0586

The problem now switches to a binomial
distribution problem, where

Y: number of students over 180 cm tall in a group

of 5. Y ~ B(5, 0.0586)
P(Y >1)
=1-P(Y=0o0rl)

5 0 5 > 1 4
=1-|, [00586°0.94147 +| | ]0.0586'0.9414

=1-(0.9695)
=0.0305 (3 5.f.)
9 S~N(u, o)
P(S > 100) = 0.24
P(S < 90) =0.04

0.04 0.24

90 100

P(Z>z)=0.24 = z,=0.707

P(Z < 2,) = 0.04 = z, =—1.751

0.707 = 10(%“ — 0.7070 =100 —

~1.751 = 9(17_“ = 17516 =90—

Subtract the two equations

2.4580 =10
0 = 4.07 km/h
Substitute
0.707 x 4.07 =100 — u

1 =97.1km/h (3 s£)

2
10 40'2=3u:>u=4%

P(Z < k) =0.0309 = k =-1.867

1
1 _ E;u_;uj
P(H<2,u)—P(Z< >

1 1 _40°
QM=K H —u T3 o
o (o 20 20 6

“‘Ta = -1.867 = o = 2.80

40° _ 4x2.80°
3 3

U= =105m

7.5 Using the normal distribution as an approximation
for the binomial distribution

1 (i) A:number of shoes of brand A sold

A ~ B(6,0.3)
B: number of shoes of brand B sold
B ~B(6,0.7)

6
(a) P(B=3)= [3}).730.33 =0.185 (3s.f)

(b) P(A >3)=P(A = 4,5,6)

6 6 6
=| l03%.72+| [03°0.7' +| |0.3%.7°
4 5 6

=0.0705 (3 s.f))

(ii) X: number of shoes of brand B sold in a week
X ~ B(48,0.7)
U =48x0.7 =33.6
0% =48%0.7x0.3=10.08
X = N(33.6,10.08)
P(X = 30)

29.5—33.6
~P(z=222-336
( J10.08 )

=P(Z =-1.291)
=0.9017

2 F:number of flat batteries from 10 sampled

F ~ B(10, 0.125)
li) P(F<2)=P(F=0,1)

10 10
= [ oj 0.125%.875% +{ | J 0.125'0.875°

=0.639 (3s.f)
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7 The normal distribution

(ii) X : number of flat batteries in a box of 200
X ~ B(200, 0.125)
1 =200x0.125 = 25
0% =200x0.125 % 0.875 = 21.875
X = N(25,21.875)
P(X < 20)

_ P(Z - 19.5—25)
21875

=P(Z < -1.176)
=1-0.8802
=0.1198

3 X: number of students who use the internet for more

than 24 h per week from the 950 students
p=1=-03
X ~ B(950, 0.32)
1 =950x0.32=304
0% =950 x0.32 X (1-0.32) =206.72
X = N(304,206.72)
P(275 < X < 318)

~ p[2745-304 _ , _ 318.5—304
~206.72 ~206.72

= P(-2.052 < Z < 1.009)
= 0.4799 + 0.3434
=0.8233

4 (i) P(Z<k)=035=k=-0.385
10— u

—0.385 =
1
M

~0.385 x %u =10-u
~0.192514 =10
0.8075u = 10
=124

(i) P(X <2u)=P(X <2x124..)=P(X <248..)
P(X <2u)

=Pl Z < z’u—_’u
1
M
=P(Z <2)
=0.977
(iii) Y: number of observations less than 10
Y ~ B(120, 0.35)
Since np > 5 and n(1 — p) > 5 use normal
approximation.

U =120%0.35 = 42

0 =120x0.35 % (1— 0.35) = /273
Y = N(42,27.3)

V273
= P(Z < -0.478)
=1-0.6837
=0.316 (3sf)

P(Y < 40) ~ P(Z < M)

5 X:number of drivers who pass at the first attempt

X ~ B(1200, 0.82)

np>5and n(l —p) >5

So normal approximation is appropriate
U=1200x 0.82 =984

0°=1200x 0.82 x (1 - 0.82) = 177.12

X =N(984, 177.12)

P(X < 950 becomes P(X < 949.5) with a continuity
correction

949.5 — 984
P(X<949.5)= P(Z
(X <949.5) < N177.12

= P(Z < -2.592)

=1-0.9952

=0.0048
Assuming that the probability that any person passes
on the first attempt is 0.82, there is only a very small
chance (less than 0.5%) that less than 950 people will
pass out of 1200.
The figure shows that the testing procedures are too
hard or rigorous at this centre.
Even though the percentage who passed is 79% - not
much difference from 82%, the probability of 0.0048

shows that there is only an extremely small chance
that this would happen.

Further practice

lii) H ~ N(175,02)
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7 The normal distribution

P(H >195) = 204 = 0.0303

P(Z > k') =0.0303 = k' = 1.875

875 = 195175
o

1.8750 =20
o0 =10.7cm (3s.f.)

2 L
P(Z = k’) = 0.045 = k'’ = -1.695

~1.695 = 10;‘“
1
4H

0423754 =10—
0.57625 11 = 10
U=17.4(3sf)

3 W: weight of randomly chosen apple.

W ~ N(160,6%)

lil P(W <150) = P(Z < w)
= P(Z < -1.667)
=1-0.9522
= 0.0478

(i) Proportion of medium and large apples
=1-0.0478 = 0.9522
Medium : Large
3 1
0.714 : 0.238
P(W > w)=10.238
P(Z >K)=0238 = k' =0.713

w =160
6
w=1643g

0.713 =

4 X: number of babies born before their due date
X ~ B(160,0.25)
Since np > 5 and n(1 — p) > 5 use normal
approximation.
1 =160 x0.25 =40
o = /160 x 0.25 X (1 - 0.25) = /30

X = N(40,30)
50.5—40
P(X >50)=P|Z > ———
(X > 50 = p(2 > 205540)
=P(Z >1917)
=1-0.9723

=0.0277 (3s.f)

T: time that players arrive at training relative to start
time.

(i) T ~N(=5,7%)

P(T<0)zP(Z<O_T(_5))

=P(Z <0.714)
=0.7623

(ii) F: number of forwards on time
F ~ B(8,0.762)
P(F =7)
=P(F=7or8)

8 7 1 8 8 0
=, [076270238' +|  |0.762" 0.238
=0.399 (3 5.f)

(i) B: number of backs on time
B ~ B(25,0.762)
Since np > 5and n(l — p) > 5 use normal
approximation.
U =25x%x0.762 =19.05

0 =25%0.762 x (1 - 0.762) = J/4.52...

B = N(19.05,4.52...)

17.5-19.05
P(B=18)=P(Z=
(5219 =p(z = 25520

=P(Z =-0.729)
=1-10.7669
= 0233 (3sf)

Past exam questions

X ~N(u,6?)
il P(X <2u)
= P[Z < 2= ,u]
31
5
_ 5
= P(Z < 3)
=0.952(3s.f)
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7 The normal distribution

1 (iv) T: number of people with visits lasting less than
(ii) P(X <3 ,u) .
3 8.2min from sample of 35 people.

1 T ~ B(35,0.5)
) P( Lu- u]

Z<3T U=35x05=175
By 02=35%05%(1-0.5)=8.75
—3H
= P[Z < %) Since np > 5 and n(1 — p) > 5 normal
) approximation is appropriate.
_7u _
M ow X=N(17.5,8.75)
P(T < 16)
—-2u=3.141lc
155-17.5
=— =P|Z < ===
u 1.570 J3.75
2 X:time spent visiting dentist =P(Z <-0.676)
X ~ N(8.2,O‘2) =1-0.7505
=0.250
i) P(X <10)=0.79
P( 7 10 ; 8.2) —0.79 3 X:no. of cameras that are substandard
X ~ B(300, 0.072)
10-8.2 0.807
c Since np >5 and n(1— p) > 5 use normal
0 =223(3sf) approximation.

U =300 0.072 = 21.6
0 = /300 x 0.072 X (1— 0.072)

= J20.0448 = 4.48 (3s.£.)
X = N(21.6,20.0448)

17.5-21.6
3 4 5 6 7 8 9 10 11 12 13 14 P(X <18)=P|7Z < 24£2=210
-~ ( ) J/20.0448
(i) P(X<72)+P(X>92) — P(Z < —0916)
_ 9282 L
=2X P(Z > 233 ) =1-0.8201
= 2x P(Z >0.448) =0.180
=2x(1-0.6729) 4 X: heights of school desks
= 0.654 X ~N(69,0%)
(i) P(X >10) = 0.21 (i) P(X >70)=0.155
Y: number of people whose visits last longer than P(Z>K)=0155= k'=1015
10 min. 1.015=70-69
Y ~ B(6,0.21) o — 0,985
P(Y > 2)

(ii) Desk is comfortable for Jodu if X > 67

=1-P(Y =0,1,2 _
( ) P(X > 67) = P(Z > 07 69)
6 . ] 6 1 ; 0.9852
o |0217079%+| "]021'0.79 — P(Z > —2.03)
=1- P =0.9788
20 o4
+[2j 0.2170.79 Number of comfortable desks
10888 =300x0.9788 = 293.64
a ’ So about 293 desks
=0.112
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7 The normal distribution

5 X: time taken to fit a tow bar
(i) X ~ N(m,0.35)
P(Z>2)=0.95= z=-1.645

_ _09-m
1.645 = 035

—-1.645%X0.35=09—-m
m =1.48 hours (3 s.f.)

li) P(X<2)= p(z < 2= 147575

0.35
=P(Z <1.498)
=0.9330
P(no cars take longer than 2 hours)
=0.933*
= 0.758

2
(i) Times at another garage X ~ N(‘u,(%) )

3
=P(Z>-12)
=0.885

Stretch and challenge

1 X:diameter of a randomly chosen bolt

P(X > 0.64) = P[Z > WT_“]

X ~ N(18,0.2%)

P(rejected)

=P(X < 17.68) + P(X >18.32)

_ P(Z < 17.6&2— 18)+ P(Z S 18.3()25 18)
=P(Z <-16)+P(Z >1.6)

= 2(1 - 0.9452)

=0.1096 = 0.110 (3 s.f.)

_ 18.5-18
P(X>18.5= P(Z >=07 )

=P(Z > 2.5)
=1-0.9938
= 0.0062

P(X >18.5)

P(rejected)

_ 0.0062
0.1096

= 0.0566 (3 s.f.)

P(X >18.5 | rejected) =

X: IQ score, X ~ N(100,15%)

P(100 < X < 105)

_ 105100
—P(O<Z<715 )

=P(0< Z<0.333)

=0.1304

P(105< X < k) =0.12

= P(100 < X < k) =0.1304+0.12 = 0.2504

P(o <Z< ﬂ) —0.2504

15
N P(Z < k—l_éoo) = 0.7504
k —léOO —0.676 = k=110.14

k =110 (nearest whole number)

3 X:number of correct guesses

Assuming the person is guessing,
X ~ B(60000,0.2)

Since np > 5and n(1 — p) > 5 use normal
approximation.

M1 = 60000 % 0.2 =12000
o = /60000 X 0.2 X (1 —0.2) = /9600

X = N(12000,9600)

12283.5 —12000
P(X >12284) = P| Z > ~=————=—
( ) /9600

=P(Z > 2.893)
=1-10.9981
=0.0019 (3s.f)

Since the probability of picking the correct card
that many times is very low, you can conclude the
experiment shows evidence of ESP.
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