R Probability

ROBINSON Worked solutions

This topic online

n The events A and B are mutually exclusive, with P(4) = 0.4 and P(B) = 0.35
Find
a.P(A n B)
b. P(A U B)

c.P(A'n B) (3 marks)

o) Mu‘kum(.(.y exclusive!: thzv cannot happen toaz‘tlne.r

p(ANB)=0
b) Add the probabilitees
P(AUB) = o(A) +0(6)
p(AUB) = ou+o.3s

(AU B)=0.s
¢) AN B means neither A nor &

p(ANBY = 1-2(AUB)
P(A' N 6') = \-0.75
P(A' N 6') = 0.25

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 1 of 14



n The events A and B are independent, with P(4) = 0.3 and P(B) = 0.6
Find
a. P(An B)
b. P(A U B)

c.P(AnB) (4 marks)

o) Ladependent: muL{:ap(.J

P(ANB) = o(A) x o(B)
P(ANB) = o3 xou
(AN B =o.e
b) Addction rule
P(AUB) = p(A)+0(B) -0(ANB
P(AUB) = 0.3+0¢-0.%
P(AuUB)=0.12
) A but not &
p(ANG) = o(A)-p(ANBG)
p(ANBG) = o3-0.%
P(ANB) =02
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n A security system has three alarms that work independently. Each alarm fails to sound with
probability 0.05

An intruder sets off the system. Find the probability that
a. at least one of the alarms fails to sound,

b. exactly one of the alarms fails to sound. (4 marks)

o.) At Least one =1\ - p(nonb)
P(all three sound)

P(all £hree souml) = 0.A57375

0.15°

P(ot Least one J‘,od(.s) = | - 057375
O.\4+24629

P(at Least one oco.z.Ls)

o.43 (3 sl,)

b) Fail, sound., sound tn &AJ order
3 orders: FSS, SFS, SSF

P = 3% 0.05 x0.9s5*?
P = 3%x0.05 % 0.9025
? = 0.3537S

0.135 (3 . a“)
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u A sports club has 50 members. 23 members play tennis, 18 play squash and 7 play both.

a. Draw a Venn diagram to represent this information.

A member is chosen at random. Find the probability that the member plays

b. exactly one of these sports,

c. neither sport.

§

16

o.) Start with the o\/Q.rLo.P
6o'b|n = 7
Tenncs oALJ = 23-T7T=\¢

Siuo.sh oAL:, \Q =7 =1\

Neither = sOo-(1K+T7+\) =16
Put \¢, 7, W\ in the circles and 16 outside

b) E.xo.ct(.y one sport
+1n = 27
7

" so
¢) Outscde both circles
P = \6

so

8
25

P =

(5 marks)
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a A bag contains 5 red counters and 3 blue counters. Two counters are taken from the bag at random,

one after the other, without replacement.
a. Complete the tree diagram.
b. Find the probability that the two counters are the same colour.

c. Find the probability that at least one of the counters is blue.

First counter Second counter
Red
o7
/ 3/7 Blue
5/8

Red

3/8

\ Blue 5/7

2/7 Blue

o) Wikhout replacement: T counters Le.}‘k For the second pick
Al.(:e.r red: 4 red, 3 blue Le.f,t

Accte.r blue: S red, 2 blue (.e.cct
Branches: i, lj then —, — and i, el
?° 8 71 1° 7

b) Red-red or blue=blue
P = S 4 3

? 1 S
p = 20 4 i
sé 9¢
P = 26
s¢
\3
ETY
c.) At Least one blue =\ = P(both re.&)
P =,.20
S¢
p = 6
56
P = l
I+

(5 marks)
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n The table shows how 120 sixth-form students usually travel to school.

Year 12 | Year 13
Walk | 18 22
Bus 30 26
Car 12 12

A student is chosen at random. Find the probability that the student
a. travels by bus,
b.is in Year 13 and travels by car,
c. walks oris in Year 12, or both.
d. Determine whether the events “the student travels by car” and “the student is in Year 12" are
independent. (6 marks)

Find the totals oc:.rs{:
Yeor \2: 6O, Year \3: ¢O
Watk: 4o, Bus: 5¢, Car: 24

o) Bus
Plovs) = S6¢
120
p=_"
\S
b) One cell of the table
P(Mh3 Near) = 12
120
p=
\O

c) Addcktion rule, so the \% are not counted twice
p(w U \/\2) = YO +¢O0O - 12

\20
p(WuUY2) = 82
\20
p= 1
<O

d) Tdependent oF P(C NY2) = P(C) x P(r2)

pC) = 2% _ .,
\20
P(2) = 60 _ ¢
120
P(C) x P(112) = oO.
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p(CNY2) = 12
120

= 0.l

These are e.iuo.(.

Tadependent

On any school day the probability that it rains is 0.3. If it rains, the probability that Zara's bus is late is

0.4. If it does not rain, the probability that her bus is late is 0.15

a. Complete the tree diagram to represent this information.

b. Find the probability that Zara's bus is late on a randomly chosen school day.

c¢. Two school days are chosen at random. Assuming that the days are independent, find the

probability that her bus is late on exactly one of the two days.

Weather Bus

Late
Rain 0.4
,/,//’/// 0.6 On time

<0.3
Late

0.7
\ No rain 0.15

0.85 On time

o) Each pocr oL branches adds to\
Roacn 0.3, No racn O.7

Aocke.r rocn: Late o4, On £time 0.6

Al.tc.r no rocn! Late 0.5, On £ime 0OAS
b) Two rovtes end wn Late

P(loake) = 0.3 x 0.4 +0.7% 0.5
P(late) = 0.2 + 0.\OS

P(late) = 0.225

¢) Plon time) =1 - 0.225 = 0.5

Lote then on time, or on time then Late
P = 2x0.225 x 0.775

P = 0.34%7s

P =0.349 (> soc)

(6 marks)
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n The Venn diagram shows the probabilities for two events 4 and B, where p and q are probabilities.
Given that P(4) = 0.4

a. find the value of p and the value of g,
b. determine whether A and B are independent,

c. find P(4 U B').

(5 marks)
o) P(A) s the whole A circle

0.25 tp = O.4

P =0.IS
AcL probabilities add to

O.?.S'+O.IS+O.3+¢L =\

q = 0.3

b) Tadependent cp P(A N B) = o(A) x 2(®)

P(B) = ois+0.3 =045

P(A) x P(B) = ouxous =0.8
P(ANB) = ous

0.8 # O.IS

Not cndegpendent

JAUG every region except 6 on(.d
p(AUB) = 1-0213
(A U 6’) = 0.7
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n The events 4, B and C have P(4) = 0.5, P(B) = 0.4 and P(C) = 0.2

The events A and B are independent. The events A and C are mutually exclusive. The events B and C
are independent.

a. Find P(4 n B).
b. Draw a Venn diagram to show the events 4, B and C, giving the probability for each region.

c. Find P([B U (T").

& A B

0.08

0.18

(7 marks)
a) A and 6 cadependent: multeply

P(ANB) = osxou
P(ANB) =02

b) A and C mu'(:Uo.(.LJ excluscve: no overlayp
B and C wndependent

PBNC) = ouxoa
Aon(.d = 0.5 -0.2=0.3

0.0%

B onl y = 04 =-02-00%=o0i
C on(.v = 0.2 - 0.08 = 0.2
Ouktside = 1 -(0.340.2 4012 +0.0%+0.2)

Ovutside = 1 -0.%92 = 0.18
¢) Outscde both B and C: A onLJ and outscde

([BUCT) = 03+0.8
P([E) UCT) =o0.48
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m Box 1 contains 4 green counters and 6 white counters. Box 2 contains only green and white counters.
One counter is taken at random from each box.

The probability that the two counters are the same colour is 0.52
a. Find the probability of taking a green counter from Box 2.
b. Complete the tree diagram.
c. Find the probability that at least one of the counters is green.

The event G is that the counter from Box 1 is green. The event S is that the two counters are the
same colour.

d. Determine whether G and S are independent.

Box 1 Box 2
Green
Green 0.4
/ 0.6 White
0.4
08 Green
s T~ White 0.4
0.6 White
(7 marks)
«) Let = p(are.e.n &rom 60.& 2.)
Same colour = both green or both white
oM4p+0.4(1-p) = O52
O4p + 06 -0.6p = 052
0.6 -0.2p = 052
0.2p = 0.0%
P =On
b) 60& 2 does not degpend on 60& \
Both pocrs of Box 2 branches: Green o4, Whete 0.6
¢) At Least one green =1- P(bokh whete)
P = 1-06x0.46
P = 1-0.3%
P = 0.4
) Compare (6 N S) wekh P(6) % P(S)
P(6 NS) = Plboth green) = Ot x O = 016
p(G’) 8 9(5) = O.4 X 0.52 = 0.208
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0.16 # 0.208

Nokt tndegpendent
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m A college surveys 100 A-level students about three subjects: Maths (M), Physics (P) and Chemistry (C).

e 52 study Maths, 27 study Physics and 36 study Chemistry

e 20 study Maths and Physics, 18 study Maths and Chemistry, and 11 study Physics and
Chemistry

e 8 study all three

a. Draw a Venn diagram to represent this information.

A student is chosen at random. Find the probability that the student studies
b. exactly two of these subjects,
c. none of these subjects.

d. Determine whether studying Physics and studying Chemistry are independent.

3 M p

(\/

o
26
(8 marks)
a) Work £rom the meddle ovtwards
ALL three = &
anon(.y = 20-%=12
MnCo(\LD = 18-%=1I0
pnConLJ = u-3=3
Mon(.:, = SL-12-\10-%=22
Poncv = 27-12-3-%=4
Con(.v = 3-10-3-2=1IS5
Taside the circles = 22 44 +1S 41241043+ %= T4
None = 100 - T4 = 26
b) E.zmc.'t(.:’ two: the three pacr-only regions
12+1043 = 25
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P = 0.25

¢) Outside all three circles

P = 0.26

4) Tadependent of PPN C)=p(P) x P(C)
P(P) x P(C) = 0.27% 0.3¢ = 0.0972

PPNCY = N _ oy

100
o.\ # 0.0972

Not :.nd.e.pe.m\e.nt
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m A factory has two machines, X and Y. In any week, the events "X breaks down” and "Y breaks down”
are independent. Machine X is more likely to break down than machine Y.

In a week, the probability that both machines break down is 0.12 and the probability that at least
one machine breaks down is 0.58

a. Find the probability that machine X breaks down in a week.
b. Find the probability that exactly one machine breaks down in a week.

c. Assuming that different weeks are independent, find the probability that neither machine breaks
down in two weeks running. (8 marks)

o) Let P(K) = x and P(Y) = Y
Tadependent: mu(.t&p(.y

x:) = 0.2
Addckion rute
x t y - .xy = 0.5%
x t y = 0.5% +0.\2 = 0.7
Svubstitute y= 0.7-2
x(0.7 - .z)

o.12

0.7x - x* = 0O.12
x*=0.7Tx+0.I2 = O
(x - O.'-G)(.x - 0.3) = 0

x =04 o0orx=0.3

K s more L:.lt.e.(.y to break down

P(R) = o

L) Ak Least one, take away both
p(e..zo.c.t(.d one.) = 0.5 -0.\12

p(e..x.o.c.‘k(.j M\Q.) = 0.4¢

¢) Neither un one week

P(M.:.'l:l-.u) = \ - 0.5% = 0.42
Two thdependent weelks: mu(.‘b‘\p(.y

P = o.M22
P = O.ITéeH4

P =o0.76 (> soc,)
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