T1't"PapaCambridge

TOPICAL PAST PAPER QUESTIONS WORKBOOK

AS & A Level Mathematics (9709) Paper 5
|Probability & Statistics 1]

Exam Series: May 2015 — May 2022

Format Type B:

Each question is followed by its answer scheme

T"Z:I'Papa(:ambridge




T‘f]’PapaCambridge

Chapter 3

Probability

o
P

W

285

T1f]’Papa(.‘.ambridge



“ JPPapaCambridge

CHAPTER 3. PROBABILITY

132. 9709 522 qp 51 Q: 6

Janice is playing a computer game. She has to complete level 1 and level 2 to finish the game. She is
allowed at most two attempts at any level.

« For level 1, the probability that Janice completes it at the first attempt is 0.6. If she fails at her first
attempt, the probability that she completes it at the second attempt is 0.3.

« If Janice completes level 1, she immediately moves on to level 2.

« For level 2, the probability that Janice completes it at the first attempt is 0.4. If she fails at her first
attempt, the probability that she completes it at the second attempt is 0.2.

(a) Show that the probability that Janice moves on to level 2 is 0.72. [1]
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(c) Find the probability that Janice fails exactly one attempt, given that she finishes the game. [4]
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Answer:

CHAPTER 3. PROBABILITY

Question

Answer

Marks Guidance

(a)

06+04x03=072 or 1-04x07=0.72

B1 | Clear identified calculation AG

(®)

0.72x(0.4+0.6x0.2)

M1 [ 072xu,0<u<1

M1 | vx (0.4+0.6x0.2), 0r
v x (1-0.6 x 0.8) 0 < v £ 1 no additional terms
SC B1 for 0.72 x (0.4 + 0.12) or 0.72 x (1 — 0.48)

0.3744

Al | WWW. Condone 0.374. SC B1 for 0.3744 only

Alternative method for question 6(b)

[p(P1P2) + p(F1P1P2) + p(P1F2P2) + p(F1P1F2P2)] =

06x04+04x03x04+06x06x02+04x03x06x0.2

M1 | Any two terms unsimplified and correct

M1 | Summing 4 appropriate scenarios by listing or on a
tree diagram
SC B1 for 0.24 +0.048 + 0.072 + 0.0144

0.3744

Al | WWW. Condone 0 Q‘; 51 for 0.3744 only
-

Question

Answer

©

P(fails first or second level ~finishes game)

P(fails first or second level |finishes game) =

Numerator = P(S 5F) +P(FS 5)=0.6 x 0.6 x 0.2 + 0.4 x 0.3 x 0.4 =0.072 + 0.048 = 0.12

0.12

Required probability = their(h)
eir|

their (b)

0.072 or 0.048 if seen in (b)

oth correct accept unsimplified expression.
additional terms

Their sum of two 3-term probabilities as numerator

their (b) or correct

25
0321 or =—
78

0.3205<p < 0.321
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133. 9709 _s22_qp 52 Q: 7

Hanna buys 12 hollow chocolate eggs that each contain a sweet. The eggs look identical but Hanna
knows that 3 contain a red sweet, 4 contain an orange sweet and 5 contain a yellow sweet. Each
of Hanna’s three children in turn randomly chooses and eats one of the eggs, keeping the sweet it
contained.

(a) Find the probability that all 3 eggs chosen contain the same colour sweet. (4]
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(b) Find the probability that all 3 eggs chosen contain a yellow sweet, given that all three children
have the same colour sweet. [2]

(¢) Find the probability that at least one of Hanna’s three c!ooses an egg that contains an

orange sweet. [3]
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Answer:
Question Answer Marks Guidance
(a) 5.4 3 60 1 M1 | Either 12 x 11 10 in denominator
YYY: Zx—x2 = = .
12 11 10 132022 orax(a-1) = (a-2),a=35,4. 3 innumerator seen in at least
one expression.
4 3 2 24 1
000: —x—x— = — Al E a a-1 a- -
12 11 10 1320 55 One expression — x x ,a=>5_4, 3 (consistent m
12 11 10
3 2 1 6 1 expression).
- E*E XE = 320" 720 Correct order of values in the numerator is essential.
M| 5 4 3 4 3 2 3 21 .
—x—x—t—x—x—+—x—x—_eitherd=11,e=100r
12 d e 12 d e 12 d e
d=12,e=12
1 1 1
Condone —+—+—
22 55 220
2 3 Al | 0.06818. endent only upon the second M mark.
[Total =] —— > 0.0682 Dep yup
1320 44
Question Answer | Marks | Guidance
(a) Alternative method for question 7(a)
Y- EC3 _ Hi M1 | Either 12C3 in denomunator of ° C, M mumerator seen in at least
e, 20722 one expression.
4
000" & - ii Al . pC
Lc, 220755 One expression <5 2 a=sdd 3
3 y G
RRR: &3 - _L
) 1203 ST M| S 4 3
h Cs G <
I - W
C) CZ c3
1 1 1
Condohe —+—+—
22 55 220
90 3 Al |\0.06818 endent only upon the second M mark_
[Total =] —— .~ .0.0682 Dep y up
1320 44
4
60 90 M1 1
® [P(YYY | all same colour) =] ——= theirP(YYY ) or or —
1320 1320 1320 22
\ 3
their7(a) or or —
1320 44
2 Al | OE
=, 0.667
3
2
Question Answer | Marks ‘ Guidance

order.

be assumed to be

(c) In each method, the M mark requires the scenarios to be identifiable. This may be mmplied by a list of scenarios and then the calculations which will

A correft Je il be condoned as identifying the connected scenario.
Method 1
8 g
c 14 Bl g 7 ¢ C 336 56
[1 —no orange =]1-=—x or 1- = -— — XX — 5 seen, condone or— only, not
12 11 10 “Cy 55 12 11 10 “Cy 1320 220
OE.
M1
1-1.8.h
12 d e
Eitherd=11,e=100rd=12,e=12
fc
orl- 5 £
Ic,
14 41
Condone 1-— OE (not —).
55 55
41 Al | 0.745 < p < 0.74545
E If MO scored SC B1 0.745 < p < 0.74545.
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CHAPTER 3. PROBABILITY

Question Answer | Marks | Guidance
(c) Method 2
4 3 2 4 5 4 B1 | P(1 O)or P(2 O) correct, accept unsumplified.
LY R S L I S
12 11 10 12 11 10 672
P(10)= 45 3 =120 M1 | 3 correct scenarios added, with at least one 3-term product of
S 4.5 3 2
“xllelx 10 form lxgxﬁ seen, eitherd=11, e=10o0rd=12, e=12.
12 d e
SSSHEBERLISEE )
11 10 1320
4
P(30)=
(30)= 1320
984 41 Al | 0745 < p< 074545
[Total =] =0 =25 0745 If MO scored SC B1 0.745 < p < 0.74545.
Method 3
OYR=1*C =C =g =60 B1 | Number of ways erther 1 or 2 orange sweets obtained correctly
4 3 _ (112 or 48). Accept unsimplified
ORR="0x"Cy =B Note *C1 x %2 =112 or “C: x ’C; = 48 are correct alternatives.
oYY="*C x°C, =40
00Y="1Cx SC1 —30 M1 | 3 correct sceﬂanos. (1,2 LI\T 3 orange sweets) added on
PR numerator, denominator ~~C;
00R="'C,x q =18
oo00="c =
Total =164
prop = 261
ic,
984 41 0.745 Al | 0.745 € p < .74545
1320 557 If MO scorell SC BLD.745 < p < 0.74545.
Question Answer | Marks ‘ Guidance
(c) Method 4
2 4 1 B1 17
P(RR O] ——x—x—:— AN)= — A A)= — | Accept unsimplified.
® ) 12 ll 10 55 A 110 or PY* ) P P
1
PRO ) :Ex H BT M1 | 3 correct scenarios added, with at least one 3-term product of
h .
P(RYO)—— j 4 L form%xgxf seen, eitherd=11,e=100rd =12, e=12.
1211 10 22 12.d e
4 1
P(O =—==
( ) 12 3
5.3 4 1
P(YRO)=—x—x—=—
(Y ) 12 11 10 22
5 4 5
PYO )=—0x—0=—
(Y ) 12 11 33
5 4 4 2
P(YYO)=—x—x—
(Y ) 12 11 10 33
984 a1 0745 Al | 0.745 € p < 0.74545
1320 _E’ - If MO scored SC B1 0.745 € p < 0.74545.
Question P ‘ Answer ‘ Marks | Guidance
(© | Method5,
B1 3 28
PO )= = orP(*~ Q)= T Accept unsimplified.
g 4 8
PO ) 12 Xﬁ =§ M1 | 3 correct scenarios added, with at least one 3-term product of
h
P("‘"O):i 1 4 _ ﬁ formfxgx— seen, eitherd=11,e=100rd=12,e=12
12 11 10 165 2 d
with correct numerator.
984 41 0.745 Al | 0.745 € p < 0.74545
320 55° If M0 scored SC B1 0.745 < p < 0.74545.
3
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134. 9709 s22_qp_53 Q: 6

Sajid is practising for a long jump competition. He counts any jump that is longer than 6 m as a success.
On any day, the probability that he has a success with his first jump is 0.2. For any subsequent jump,
the probability of a success is 0.3 if the previous jump was a success and 0.1 otherwise. Sajid makes

three jumps.

(a) Draw a tree diagram to illustrate this information, showing all the probabilities. [2]
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(b) Find the probability that Sajid has exactly one success given that he has at least one success. [5]

On another day, Sajid makes six jumps.

(¢) Find the probability that onlyégnree jumps are successes or only his last three jumps are

successes. [3]

............................. Qe

........................................................................................................................................................
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Answer:
Question Answer Marks Guidance
(a) st nd rd B1 | First and second jumps correct with probabilities
1 2 3 Jump pr
and outcomes identified.
03 _——S
04 & ":E.?_______F B1 | Third jump correct with probabilities and outcomes
’ identified.
0
03 s
08 \\F 0.1 ‘MF
0.1 S
09 01—
05 —F
2
(b SFF 02x0.7x09=0.126 M1 | Two or three correct 3 factor probabilities added,
FSF 0.8x0.1x0.7= 0.056 correct or FT from part 6(a). Accept unsimplified.
FFS 0.8=x09x01= 0072
.. 127 Al
[Total = probability of 1 success =] 0.254 o0
- 44 B1FT
[Probability of at least 1 success = 1-0.8x0.9x0.9 =]0.352 s
7 M1
P(exactly 1 success | at least 1 success)= M
their0.352
072, 127 15<p<0.722
176
S
Question Answer Tarks Guidance
(c) 0.8x09x09x0.1x0.3x0.3=0.005832 [FFFSSS] Ml | a=bx=cx*d=ex*f FI from their tree diagram.
02x03x03x07=x09x09=0010206 [SSSFFF] Either g, b and ¢ all = 0.8 or 0.9 (at least one of
each) and d, e and fall = 0.1 or 0.3 (at least one of
each).
Ora, b, ¢ =02 or 0.3 (at least one of each) and d,
e =07 or 0.9 (at least one of each).
Al | Either correct. Accept unsimphified.
[Total =] 0.0160[38] Al
3
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135. 9709 _m21 qp 52 Q: 2

Georgie has a red scarf, a blue scarf and a yellow scarf. Each day she wears exactly one of these
scarves. The probabilities for the three colours are 0.2, 0.45 and 0.35 respectively. When she wears a
red scarf, she always wears a hat. When she wears a blue scarf, she wears a hat with probability 0.4.
‘When she wears a yellow scarf, she wears a hat with probability 0.3.

(a) Find the probability that on a randomly chosen day Georgie wears a hat. [2]

(b) Find the probability that on a rando en day Georgie wears a yellow scarf given that she
does not wear a hat. [3]
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Answer:
Question Answer Marks Guidance
(a) 0_2[x1]+0_45x0_4+0_35x0_3 M1 | 02 [x 1]+ 045 xb+035x%¢c, b=04,06c=03,07
Al
0-485 or 27
200
2
(b) _ pPlvnH B1 | 0-35 x 0-7 or 0-245 seen as numerator or denominator of
P(Y|H)= ( ™ )= 0.35x0.7 :0.245 fraction.
p(H) 1—their(a) 0.515
M1 | 0-515 or 1 — their (a) or
[0-3 x 0+] 0:45 x d + 0-35 = e, where d = their b', e = their
¢'seen as denominator of fraction.
0476 or 2. Al | 04757 < p < 0-476
103
3

Q”Q
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136. 9709 s21 qp_ 51 Q: 3
(a) How many different arrangements are there of the 8 letters in the word RELEASED? [1]

SED in which the
[3]
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(¢) An arrangement of the 8 letters in the word RELEASED is chosen at random.

Find the probability that the letters A and D are not together. [4]
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CHAPTER 3. PROBABILITY

Answer:
Question Answer Marks Guidance
(a) [3 !] Bl | NFWW. must be evaluated
— | =6720
3!
1
. 6! ML | 6! 5!x6
® ~__LED __ :WithLED together: 2 % orTx k > 1 and no other terms
Ml | m .
5,manmteger,m>5
360 Al | CAO
3
c Method usin; A D *M1 !
(©) g___A_D__ 6 E;Xk seen, k an integer > 0
Amange the 6 letters RELESE = - [= 120] 3!
Multiply by number of ways of placing AD in non-adjacent places ML | mxn(n-1) or mx"C, on n=6,7or8, man
= their 120 x 7P, [= 5040] .
integer > 0
[Probability =] their 5040 DMI1 | Denominator ect, dependent on at least
obability =] ————
their 6720 one M mark
5040 3 Al
or — or 0.75
6720 4
Alternative method for Question 3(c)
Method using ‘Total arrangements — Arrangements with A and D 720 — k, k a positive integer
together’:
712 =k
Their 6720 — = [= 5040] (m _)T’k =12
Question Answer Guidance
bability = their 5040 DM1 | With denominator = their (a) or correct. dependent on at
[Probability =] their 6720 least one M mark already gained.
Al
3040 or i or 0.75
6720 4
Alternative method for Question 3(c)
Method using ‘1 — Probability rith A and D together™ M1 | Tk Fel2
3
*M1 | With denominator = rieir (a) or correct
DML | 1 —m, O0<m<1.dependent on at least one M mark
already gained
Al
6720 4
4
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137. 9709 21 qp 51 Q: 4

To gain a place at a science college, students first have to pass a written test and then a practical test.

Each student is allowed a maximum of two attempts at the written test. A student is only allowed
a second attempt if they fail the first attempt. No student is allowed more than one attempt at the
practical test. If a student fails both attempts at the written test, then they cannot attempt the practical
test.

The probability that a student will pass the written test at the first attempt is 0.8. If a student fails the
first attempt at the written test, the probability that they will pass at the second attempt is 0.6. The
probability that a student will pass the practical test is always 0.3.

(a) Draw a tree diagram to represent this information, showing the probabilities on the branches.

(3]

°
o

L 2

¢
4
(b) Findthe prsgabili randomly chosen student will succeed in gaining a place at the college.

(2]
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(c) Find the probability that a randomly chosen student passes the written test at the first attempt
given that the student succeeds in gaining a place at the college. [2]

?‘]'PapaCambridge



o gPapaCambridge

303
Answer:
Question Answer Marks Guidance
(a) B1 | Fully correct labelled tree diagram for each pair of
branches clearly identifying written and practical, pass
and fail for each intersection (no additional branches)
os 03 ne B1 | “One written test’ branch all probabilities (or %) correct
B1 | ‘Two written tests’ branch all probabilities (or %)
correct, condone additional branches after W2F with
probabilities 1 for PF and 0 for PP
0.2 07 PF
WI1F
o W2F
3
(b) [P(WI1P) x P(PP) + P(W1F) x P(W2P) x P(PP)] M1 | Consistent with their tree diagram or correct
0.8x0.3+0.2x0.6x0.3
69 Al
0.276 or ——
250
2
© P(W1nPractical) 0.8x0.3 [ 024 ML | Correct expressl
P(w1|P)= ( . ). =
P(getting place)  their(b) | 0.276 ®
20 Al
— or 0.87[0]
23

Q"’Q
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CHAPTER 3. PROBABILITY

138. 9709 _s21_qp 52 Q: 3

On each day that Alexa goes to work, the probabilities that she travels by bus, by train or by car are
0.4, 0.35 and 0.25 respectively. When she travels by bus, the probability that she arrives late is 0.55.
When she travels by train, the probability that she arrives late is 0.7. When she travels by car, the
probability that she arrives late is x.

On a randomly chosen day when Alexa goes to work, the probability that she does not arrive late

is 0.48.

(a) Find the value of x. [3]
.................................................................................................... ,o...................................

(b) Find the probability that to work by train given that she arrives late. [3]
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Answer:
Question Answer Marks Guidance

(a) P(not late) = 0.4 x 0.45 + 0.35 % 0.3 + 0.25 x (1 —x) M1| 04X p+0.35xg+0.25xr,
or p=10.45,055¢=03,07andr=(1 —x), x
P(late) = 0.4 x 0.55 +0.35 x 0.7 + 0.25x
0.18+0.105+025(1 —x)=0.48 Al |Linear equation formed using sum of 3 probabilities and 0.48 or
or 0.52 as appropriate.
0.22 +0.245 + 0.25x=0.52 Accept unsimplified.
x=0.22 Al |Final answer

3
(b) B1|0.35%0.7 or 0.245 seen as numerator of fraction

|:P(rmin|late) = M]

P(late) M1 | P(late) seen as a denominator with their probability as numerator
0.35%0.7 0.35%0.7 their p their p
= or - (Accept or - )
1-0.48 0.4x0.55+0.35%0.7 + 0.25x their0.22 052 0.22+0.245+0.25% their0.22

Al
=0.471 or »
104

3

Q"’Q
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139. 9709 s21 _qp_ 52 Q: 6
(a) Find the total number of different arrangements of the 8 letters in the word TOMORROW. [2]

L/

(b) Find the total number of different arrangements of the 8 lett &E word TOMORROW that
have an R at the beginning and an R at the end, and in \% ee Os are not all together.
(3]
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Four letters are selected at random from the 8 letters of the word TOMORROW.

(¢) Find the probability that the selection contains at least one O and at least one R. [5]
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CHAPTER 3. PROBABILITY

Answer:
Question Answer Marks Guidance
a 8! Ml 8!
@ — k=lor2,m=1lor3,notk=m=1
213! kbm!
no additional terms
3360 Al
2
Question Answer Marks ‘ Guidance

(b) Method 1 Arrangements Rs at ends — Arrangements Rs at ends and Os together

6! ML) 6! il
[Os not together =] 3 —4! o —m, 1 € k< 3, man integer, condone 2X(E}—m.

M1 |w—4! or w—24, w an integer
Condone w — 2 x 4!

96 Al

Method 2 identified scenarios R _ _ _ R, Arrangement No Os together + 20s and a single O

403 % 31+, x 2 % 31 M1 |[*C3 % 3! + ror 4x 3!
Condone 2 x *Cy

q+4C2><3!$or k=1.2. g an integer

[24+72=]96

(©) Method 1 Identified scenarios

OORR  °C,x*C,x[’C, |=3x1=3 teomes for 2 identifiable scenarios correct. accept

ORR_ °C, x’C,x’°C, =3x1x3=9
OOR 3 C, % 201 x 3Cl —3%x2x3=18 {\dd 4ors lden‘glﬁed correct scenarios _ou.ly values, no add_ltlonal
- incorrect scenarios, no repeated scenarios, accept unsimplified.

OR_ 3C1 X 2C1 X 3C2 =3x2x3=18 condone use of permutations.

OOOR *Cx2C, x[°C, |=1x2=2

Total 50 Al|All correct and added
o 50 ML | their'50"
Probability = o % , accept numerator unevaluated
4 4

o gPapaCambridge
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Question Answer Marks Guidance

c) cont’d Al

© Bl or 0.714
70
Method 2 Identified outcomes
ORTM ’c, x2C, =6 B1 | Outcomes for 5 identifiable scenarios correct, accept

N ) unsimplified.
ORTW C,x2C, =6
ORMW 3Cl % ch =6 M1 |Add 9, 10 or 11 identified correct scenarios only values, no
ORRM 3 €% 5 C,=3 ad@uongl incorrect scenarios, no repez}ted scenarios, accept
unsimplified, condone use of permutations.
ORRW e, x*c, =3
ORRT ‘e, x*C, =3
OROR ‘c,x%C, =3
OROT ‘c,x*C, =6
OROM ‘c,x*C, =6
OROW *c,x’C, =6
OROO *c,xic, =2
Total 50 Al|All correct and added
e 50 M1| their's0"
Probability = -— e:;, accept numerator
C.
4 4
50 Al
— or 0.714
70
S5
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140. 9709 w21 qp 51 Q: 3

For her bedtime drink, Suki has either chocolate, tea or milk with probabilities 0.45, 0.35 and 0.2
respectively. When she has chocolate, the probability that she has a biscuit is 0.3. When she has tea,
the probability that she has a biscuit is 0.6. When she has milk, she never has a biscuit.

Find the probability that Suki has tea given that she does not have a biscuit. [5]
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Answer:
Question Answer Marks Guidance
p(118) P(TNE) M1 | 0.45xa+035xb+02[x1],a=0.7,0.3b=0.4,0.6, seen
T p(B) anywhere.
P (B’) =0.45%0.7+0.35x0.4+0.2x1 A1 | Correct, accept unsimplified.
=0.655, 131
200
7 M1 | Seen as numerator or denominator of a fraction.
P(TnB")=035x04 [=0.14, —]
50
their0.14 M1 | Values substituted into conditional probability formula
P(T|B)=—— R
their0.655 correctly. Accept unsimplified.
Denominator sum of 3 two-factor probabilities (condone
omission of 1 from final factor).
If clearly identified, condone from incomplete
denominator.
0214 28 A1l | If 0 marks awarded, SC B1 0.214 WWW.
7131
5

N

Q"’Q
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141. 9709 w21 _qp 51 Q: 5

Raman and Sanjay are members of a quiz team which has 9 members in total. Two photographs of
the quiz team are to be taken.

For the first photograph, the 9 members will stand in a line.

(a) How many different arrangements of the 9 members are possible in which Raman will be at the
centre of the line? [1]

(b) How many different arrangements of the 9 members are possible'i
not next to each other?

ich Raman and Sanjay are

?‘]’PapaCambridge
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For the second photograph, the members will stand in two rows, with 5 in the back row and 4 in the
front row.

(¢) In how many different ways can the 9 members be divided into a group of 5 and a group of 4?

[2]

(d) For a random division into a group of 5 and a group o he probability that Raman and
Sanjay are in the same group as each other. [4]
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Answer:
Question Answer Marks Guidance
(a) [8!=]40320 B1 | Evaluated, exact value only.
1
(b) | Method1 [*~~RAAS"A]
71 x5C,x 2 M1 | 7! x k seen, k an integer > 1.
ML | yxn(n—1) or mx"C, or mx"PF,.n=7.8 or 9.man
integer > 1.
282240 Al | Exact value only.
SC B1 for final answer 282240 WWW.
Method 2 [Total number of arrangements — Arrangements with R & S together]
91—-81x2 M1 | 9! —k, k an integer < 362 880 .
M1 | m—8! X n, m an integer > 40320, n =1,2.
282240 Al | Exact value only. .
SC B1 for final answer
(c) °Cs [x *C4] e x 1 for 7*Co.
126
Question Answer
(d) [Number of ways with Raman and Sanjay together on back row =] 'Cs C.seen, x =3 or2.
[Number of ways with Raman and Sanjay together on front row =] ’Cz
[Total =] 35 + 21 Summing two correct scenarios.
56 Evaluated — may be seen used in probability.
If MO scored, SC B1 for 56 WWW.
- their56 56 4 FT their 56 from adding 2 or more scenarios in numerator
Probability = their(c) “126°9° and their (c) or correct as denominator.
4
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142. 9709 w21 _qp 52 Q: 1

Each of the 180 students at a college plays exactly one of the piano, the guitar and the drums. The
numbers of male and female students who play the piano, the guitar and the drums are given in the
following table.

Piano Guitar | Drums
Male 25 44 11
Female 42 38 20

A student at the college is chosen at random.

(a) Find the probability that the student plays the guitar. [1]

............................................................................................................. b

 /
(b) Find the probability that the student is male given that the stu @s th

e drums. [2]

(c) Determine whether s ‘the student plays the guitar’ and ‘the student is female’ are
independent, justif’ Swer. [2]
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Answer:
Question Answer Marks Guidance
a B1
@ ﬁ,ﬂ ,0.456
180 90
1
() 1 ML entified T D)
P(MnD Ton X eir laentiried ————
P(MD)= ( )| o180 06011 P(D)
P(D) 20 11701722
180 180 or from data table —— TYRTR . accept unsimplified, condone x 180.
11 Al | Final answer.
—,0.355
31’
2
Question Answer Marks Guidance
(©) 100 5 82 41 M1 | Their identified P(F) x their identified P(G) or correct seen, can be
P(F)= —.=.0.5556 OE PG———04556 OE P
() 180°9 (© 0790 unsimplified.
38 19
P G———02111 OE Al
(ENG) 180 90 i ELS .P(FNG) and P(F Trect
100 82 41 162'180
P(F)xP(G)=—x—=—,0.2531 OE conclusion, WWW. Value: e seen.
180 180 162
Not independent
Alternative method for question 1(c)
M1 | P(FIG) (OE ith their identified prob t
P(ENG yﬁgozm OE P(G)= ﬁﬂ(mss& OE (F16) ©F) kil St
180 90 180 90 A1l 19 10
38 TRTTS d P(F|G) seen with correct conclusion WWW.
180 _19
P(FIG)= 82 41=0-4634 OE Val s must be seen
180
(F)_100 ; 0.5556 OE
Not mdependeut
2
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143. 9709 w21 _qp_53 Q: 5

A security code consists of 2 letters followed by a 4-digit number. The letters are chosen from
{A,B,C, D, E} and the digits are chosen from {1, 2, 3,4, 5, 6, 7}. No letter or digit may appear more
than once. An example of a code is BE3216.

(a) How many different codes can be formed? [2]
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A security code is formed at random.
(¢) Find the probability that the code is DE followed by a number between 4500 and 5000. [3]
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Answer:
Question Answer Marks Guidance
() PyxPsor5x4xTx6x5x%x4 M1 [P, xP,, 1<x<4.1<y<6
16 800 Al
2
Question Answer Marks | Guidance
5(b) Method 1 [Identify scenarios]
With A and no 5: 8 x Psor (1 X 4 % 6 x5 X 4% 3) %2 or 4C1 X 2! X 6P4 = M1 | One number of ways correct, aceept unsimplified.
2880
With 5 and no Az Py x4 x Py or (4% 3 1% 6 % 5% 4) % 4 or 4P2 % 6C3 x M1 | Add 2 or 3 identified correct scenarios only. aceept
41 = 5760 unsimplified.
With A and 5: 8% 4 % Pror (4x1x1 XOX5%x4)x8ordClx2! x6C3 x
41 =3840
[Total =] 12 480 Al | CAO
Method 2 [total number of codes — number of codes with no A or 3]
NoAor5:(4x3)x(6x5x4x%3)=4320 M1 | *Py % ®Py or *C % 8C4 seen, aca ? i
Required number = their (a) — thetr 4320 M1 | Their 5(a) (or correct) = ﬂ o A or 5) value.
~ 3
12 480 Al V
Method 3 [subtracting double counting]
With A *Py x Pyx 2 or *Ci % 2 x 'Cyx 41 = 6720 M1 ct. accept unsimplified.
With 5 °P x Py x 4 or Cax 2 % °C3 x 41 = 9600
With A and 5 ="P1 x °P3 x Sor 4C1 % 21 X 6C3 x 4 X § = 3840
Required number = 6720 + 9600 — 3840 ‘with a” to *with 5 and subtracting ‘A and 5°.
12480 CAO
3
Question Answer Marks Guidance
(c) Method 1 —number of successful codes divided by total
(1X)3x°P, M1 | 3 x°P,, n =2, 3. Condone 3 X °C» no + or —.
. their 3x5P2 M1 . their 60
Probability = nemr2rors Probability = o
their16 800 their16 800
1 Al
—.0.00357
280
Method 2 — product of pr part of code
M1
l><l>(l)<i l><l><k where 0 <k <1 for considering letters.
5 4 ‘ ‘ 5 4
* MI| 1.3 3x5P2
0‘ tX—X= or Ix where 0<r<1.
® 7 6 7P4
1 Al | CAO
280
3
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144. 9709 w21 _qp_ 53 Q: 7

Box A contains 6 red balls and 4 blue balls. Box B contains x red balls and 9 blue balls. A ball is
chosen at random from box A and placed in box B. A ball is then chosen at random from box B.

(a) Complete the tree diagram below, giving the remaining four probabilities in terms of x. [3]

Box A Box B
Red
Blue
Red
Blue
L J
>

4
(b) Show that the probability that both balls chose@& 1o [2]
X
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It is given that the probability that both balls chosen are blue is é

(c) Find the probability, correct to 3 significant figures, that the ball chosen from box A is red given
that the ball chosen from box B is red. [5]
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CHAPTER 3. PROBABILITY

Answer:
Question Answer Marks Guidance
(a) e x+1 9 X 10 B1 | One probability correct in correct position.
Probabilities: N R N
x+10 x+10 x+10 x+10
B1 | Another probability correct in correct position.
B1 | Other two probabilities correct in correct positions.
3
(b) 4 ] M1 | Method consistent with their tree diagram.
— X their
0 x+10
4 Al | AG
x+10
2
Question Answer Marks Guidance
(c) 4 1 B1 | Find value of x. Can be impli orrect probabilities in
*+10 g calculation.
x+10=24, x=14
P(ARed|BRed) = P(ARed N BRed) + P(BRed) B1FT | 6 ] )
E X their or denominator of
— Xtheir X+l iX 15 3 fracti
10 x+10 _ 107 24 _ 8
= Xtheir +-— Xtheir s L. 48 B ¥ h
10 x+10 10 x+10 10 24 10 24 120 o Seenauywhere.
45
—. 0.616[4...
7 - : 0.375 45
2 or ——" SCB1 — or0.616.
3 0.6083 73
120
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145. 9709 m20 qp 52 Q: 6

Box A contains 7 red balls and 1 blue ball. Box B contains 9 red balls and 5 blue balls. A ball is
chosen at random from box A and placed in box B. A ball is then chosen at random from box B. The
tree diagram below shows the possibilities for the colours of the balls chosen.

(a) Complete the tree diagram to show the probabilities. [3]

Box A Box B

Red

Red o

Red

Blue

o Blue
Q"’o
Q@

?‘j_']'PapaCambridge
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(b) Find the probability that the two balls chosen are not the same colour. [2]

is blue.

[4]

(c) Find the probability that the ball chosen from box A is b@a‘[ the ball chosen from box B
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Answer:
Question Answer Marks Guidance
(a) Box A Box B B1 | Both correct probs, box A
10 Red B1 | 2 probs correct for box B
15 B1 | All correct probs for box B
7 Red
g 5
Blue
2 Red
15
1
8 Blue
6
15 Blue
3 %
(b) 7 5 N 1 9 M1 | Two 2 factor terms added, corre 6(a).
Iy
8 15 8 15
44 [11 Al | OE
=—— | — or 0.367
120 [30 } ‘
2
Question Answer Marks Guidance
M1
© P(A blue |B blue) = w — seen as numerator or denom of fraction
P(B blue) 15
1 6 1
x
~_ 815 _20
7.5 1 6 41
XX
8§ 15 8 1 120
M1 7 5 1 6
their —x—+—x— seen
8 15 8 15
M1 7 5 1 6 .
their —x—+ —x— seen as denominator
8 15 8 15
Al
= i or 0.146
41
4

146. 9709 _s O:Q_m
A

On Mondays, Rani co evening meal. She has a pizza, a burger or a curry with probabilities
0.35, 0.44, 0.21 res 1vely. When she cooks a pizza, Rani has some fruit with probability 0.3.
When she cooks a burger, she has some fruit with probability 0.8. When she cooks a curry, she never
has any fruit.

(a) Draw a fully labelled tree diagram to represent this information. [2]

?"t.’PapaCambridge



"
“n a
"ngacambrldge CHAPTER 3. PROBABILITY
(b) Find the probability that Rani has some fruit. [2]
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Answer:
Question Answer Marks
(@)
P N
0.35 0.7
0.8
0.44 ¥
B
0.2 N
0.21 o
C <Y
1 N
Fully correct labelled tree for method of transport with correct probabilities. B1
Fully correct labelled branches with correct probabilities for lateness with either 1 branch after W or 2 branches with the prob 0 B1
2
(b) 0.35x0.3 +0.44 0.8 (+ 0) M1
0.457 Al
2
Question Answer Marks
© .. P(BNF' M1
P(not Bjnot fruit) = (7)
P(F')
0.35x0.7+0.21x1 M1
1-— their (b)
0.455 M1
0.543
(M1 for 1 — their (b) or summing three appropriate 2-factor ct or consistent with their tree diagram as
denominator)
Al
0.838 or E
543
4
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147. 9709 _s20 qp 52 Q: 2

A total of 500 students were asked which one of four colleges they attended and whether they preferred
soccer or hockey. The numbers of students in each category are shown in the following table.

Soccer | Hockey Total
Amos 54 32 86
Benn 84 72 156
Canton 22 56 78
Devar 120 60 180
Total 280 220 500

(a) Find the probability that a randomly chosen student is at Canton college and prefers hockey.
(1]

(b) Find the probability that a randomly chosen student i§tat Devar college given that he prefers
soccer. [2]

(¢) One of the students is chosen at random. Determine whether the events ‘the student prefers
hockey’ and ‘the{student is at Amos college or Benn college’ are independent, justifying your

answets ¢ (2]
L 4
. 4
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Answer:
Question Answer Marks
@ ﬁcurior(].IIZ Bl
500 125
1
® P(DNS) 120 M1
P(D|S)= (Dns) _ 120
P(S) 280
120 3 Al
22 or 2
280 7
2
Question | Answer Marks
© 220 M1
P(hockey)= =—=—=0.44
(hockey) = _ o
P(Amos or Benn) = 242 =0.484
500
104
P(hockey N A or B)= —=0.208
(hockey )= %00
P(H) X P(A U B)=P(H N (A U B)) if independent
220 242 1331 . Al
—X—= so not independent ‘
500 500 6250
2

°

Q°Q®
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148. 9709 _s20 qp_53 Q: 1

Juan goes to college each day by any one of car or bus or walking. The probability that he goes by
car is 0.2, the probability that he goes by bus is 0.45 and the probability that he walks is 0.35. When
Juan goes by car, the probability that he arrives early is 0.6. When he goes by bus, the probability
that he arrives early is 0.1. When he walks he always arrives early.

(a) Draw a fully labelled tree diagram to represent this information. [2]

(b) Find the probabili goes to college by car given that he arrives early. [4]
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Answer:
Question Answer Marks
(@)
E
0.6
c “oa MNE
0.2
09 —E
045 <
0.1 NE
0.35 1
w i E
0 NE
Fully correct labelled tree for method of transport with correct probabilities. B1
Fully correct labelled branches with correct probabilities for lateness with either 1 branch after W or 2 branches with the B1
probability 0.
2
®) P(CAE 0.2%0.6 Mt
P(CIE)= ( ) =
P(E)  02x0.6+0.45x0.1+0.35x1
Summing three appropriate 2-factor probabilities M1
0.12 Al
0.515
Al
0.233 or 12
515
4

Q”Q
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149. 9709 _s20 qp 53 Q: 7

(a) Find the number of different possible arrangements of the 9 letters in the word CELESTIAL.
[1]

(b) Find the number of different arrangements of the 9 letters in the word CELESTIAL in which the
first letter is C, the fifth letter is T and the last letter is E. [2]

(¢) Find the probability that a randoml arrangement of the 9 letters in the word CELESTIAL
does not have the two Es togeth [4]
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5 letters are selected at random from the 9 letters in the word CELESTIAL.

(d) Find the number of different selections if the 5 letters include at least one E ar@most one L.

S - -
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CHAPTER 3. PROBABILITY

Answer:
Question Answer Marks
a ! B1
@ i 90720
2121
1
(b) 6! M1
21
360 Al
2
Question Answer Marks
c 8! M1
© 2 Es together = 5(: 20160)
Es not together =90720—20160 = 70560 M1
70560 M1
Probability =
90720
Al
7 or 0.778
9
Alternative method for question 7(c)
N A A Iy Y A A
! 8x
n X 8x7 70560
21 2
7! % k in numerator, k integer > 1, denominator > 1 M1
Multiplying by 3C; OE M1
M1
Probability = —70560
90720
7 Al
— or 0.778
9
4
Question Answer Marks
(d) Scenarios are: M1
EL___ ;s
EEL__ °Cy
E____ G
EE  °Cs
or 4 correct scenarios M1
Al
3
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150. 9709 w20 qp 51 Q: 1
Two ordinary fair dice, one red and the other blue, are thrown.
Event A is ‘the score on the red die is divisible by 3.
Event B is ‘the sum of the two scores is at least 9°.
(a) Find P(ANB). [2]
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CHAPTER 3. PROBABILITY

Answer:
Question Answer Marks Guidance
(a) Red M1 | Complete outcome space or
or listing A and B outcomes
1 2 3 4 5 or listing ANB outcomes
1 2 3 4 5 6
2 3 4 5 6 7
° 3 4 5 6 7 8
=2
Blals|sl7|s8]o
5 6 7 8 9 10
6 7 8 . |11
P(ANB) = 5 Al | With evidence
36
Question Answer
®) 110
P(A)x P(B) = —=x—
(A) x P(B) 3%
EX #— so not independent
54 36

Alternative method for question 1(b)

P(BJA) = P(B)
5
P(ANB) 3¢
P(BIA) = —(P (:) )=%
3

3 # 3 so not independent
12 18

Al

P(A|B), P(B), %,% seen in workings and correct conclusion
stated

Condone S EB being identified in (a)
18 36
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151. 9709 w20 qp 51 Q: 2

The probability that a student at a large music college plays in the band is 0.6. For a student who plays
in the band, the probability that she also sings in the choir is 0.3. For a student who does not play
in the band, the probability that she sings in the choir is x. The probability that a randomly chosen
student from the college does not sing in the choir is 0.58.

(a) Find the value of x. [3]

Two students from the co hosen at random.

(b) Find the probabili students play in the band and both sing in the choir. [2]
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Answer:
Question Answer Marks Guidance
(a) 0:6 x 0-7 + 0-4(1 — x) = 0-58 M1 | Equation of form 06 x a + 0-4 x b= 0-58;
=042 +04(1 —x) =058 a=03,07,b=x,(l —x)
B1 | Single correct product seen, condone 0-42, in an equation of
appropriate form
x=006 Al
Alternative method for question 2(a)
06 x03+04x =042 M1 | Equation of form 0-6 x a + 0-4 x b = 0-42;
=018 + 0-4x =042 a=03,07,b=x,(1-x)
B1 | Single correct product seen, condone 0-18, in an equation of
appropriate form
x=06 Al
3
® | (0.6%x03) M1 | (ax by, a=06,04and b=07,03
or 0-18?, alone.
0.0324 Al
2

Q"’Q
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152. 9709 w20 _qp_51 Q: 7

(a) Find the number of different ways in which the 10 letters of the word SHOPKEEPER can be
arranged so that all 3 Es are together. [2]

(b) Find the number of different ways in which the 10 letter the word SHOPKEEPER can be
arranged so that the Ps are not next to each other. [4]
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(c) Find the probability that a randomly chosen arrangement of the 10 letters of the word
SHOPKEEPER has an E at the beginning and an E at the end. [2]

.................................................................................................... h
Four letters are selected from the 10 letters of the word SHO@ZE.
(d) Find the number of different selections if the four 1 include exactly one P. [3]
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Answer:
@ 8 M1 EEE,W}ICFEK’E N, a—!,whereae N
2! k k 2(!)
20160 Al
2
Question Answer Marks Guidance
! B1 | Accept unsimplified
® Total number of ways: % (=302400) (A) ceeptunsimpiie
! B1 | Accept unsimplified
With Ps together: % (= 60 480) (B) ceept unsimpitie
With Ps not together: 302 400 — 60 480 M1 1o
1 £ notfogether 1ot 9 , m, i integers or (A) — (B) if clearly identified
m n
241920 Al
Alternative method for question 7(b)
8! B1
3
B1 | m x 3! in denominator,
M1 !
%8 Their = multi
2 !
241920 Exact value,
Question Answer Guidance
(©) Probability = Number 0;' w:lys Es :t befgmnmg and end
otal number of ways 1 <k /€ N <3, FT denominator from 7(b) or correct
8!
21 20160
Probability = —2-— =
MY THor T 302400
2&3!
L 00667 Al
15
Alternative method for question 7(c)
Probability = x> MU e a-ls3
10 9 0 9
Al
M1
i><l><m!,m =32
10 9
Al
L ,0.0667
15
2
Question Answer Marks Guidance
(d) Scenarios: M1 | °C, seen alone, 1 < x < 4
PEEE “Co=1
PEE_  °Ci=5 M1 | Summing the number of ways for 3 or 4 correct scenarios (can
PE__ Co=10 be unsimplified), no incorrect scenarios
P fG=10
Total = 26 Al
3
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153. 9709 w20 qp 52 Q: 4

In a certain country, the weather each day is classified as fine or rainy. The probability that a fine day
is followed by a fine day is 0.75 and the probability that a rainy day is followed by a fine day is 0.4.
The probability that it is fine on 1 April is 0.8. The tree diagram below shows the possibilities for the

weather on 1 April and 2 April.

(a) Complete the tree diagram to show the probabilities. [1]
1 April 2 April
Fine

Fine

Rainy :

ainy

?‘]’PapaCambridge
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Let X be the event that 1 April is fine and Y be the event that 3 April is rainy.

343

(¢) Find the value of P(X N Y). [3]

(d) Find the probability that 1 April is fine given thal pril is rainy. [3]
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Answer:
Question Answer Marks Guidance
(a) Al 1 Apel B1 | All probabilities correct, may be on branch or next to
€ ‘Fine/Rainy”
. Ignore additional branches.
0.75[___,« Fine
P Fine
T Rainy
1
(b) 0-8 x 075+ 02 x 04 (=06 +0-08) M1 | Correct or FT from their diagram unsimplified, all probabilities
0<p<l.
Partial evaluation only sufficient
Accept working in 4(b) or by
17 A1l | From supporting wi
0.68. L~ PP g
25
2
Question Answer Marks Guidance
(c) 0:8X0:75X 025+ 0:8 X025 X 06 ax1-bxd 0<¢ d< 1,
istent with their tree diagram or correct. no additional
0-15+0-12 At least one term correct, accept unsimplified
0.27 ‘A1l | Final answer
3
(@ P(Y) = their (¢) + 0-2 X 0-4 X 025 + 0-2 X 0-6 X 06 B1FT | their (c)+exfxg+ex(l-f) xh 0<g h< 1, e fconsistent
(=0-362) with their tree diagram, or correct
their (c) 027 M1 | their 4(c) (or correct)/their previously calculated and identified
PXY)= ————=— P(Y) or a denominator involving 3 or 4 3-factor probability
theirP(Y) 0.362 - . ; . :
terms consistent with their tree diagram & third factor 0 <p <1
373 135 Al | (0.7458...
0746, —or— ( )
500 181
3
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154. 9709 w20 _qp_52 Q: 6
Mr and Mrs Ahmed with their two children, and Mr and Mrs Baker with their three children, are

visiting an activity centre together. They will divide into groups for some of the activities.

(a) In how many ways can the 9 people be divided into a group of 6 and a group of 3?

5 of the 9 people are selected at random for a particular acti

(b) Find the probability that this group of 5 people c@ all 3 of the Baker children. [3]
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All 9 people stand in a line.

(¢) Find the number of different arrangements in which Mr Ahmed is not standing next to Mr Baker.

(3]

(d) Find the number of different arrang which there is exactly one person between
Mr Ahmed and Mr Baker. [3]
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Answer:
Question Answer Marks Guidance
(a) Cs (% 3C3) M1 | °Cixn,k=6,3,n=12 oe
Condone °Cs +°Cs, °Ps x °Ps
84 Al | Accept unevaluated.
2
(b) Number with 3 Baker children = °C; or 15 B1 | Correct seen anywhere, not multiplied or added
Total no of selections = °Cs or 126 M1 | Seen as denominator of fraction
- number of selections with3 Baker children
Probability = -
total number of selections
Al
E, 0119 OE, e.g_i
126 42
Alternative method for question 6(b)
3 2 1( 6 5) 5 B1 | °Cs (OE) or 10 seen anywhere, multiplied by fractions only. not
PRalaat Rl | Rt G added
9 8 70 6 5
M1
éxle ><E xi Xk,1g
9 8 70U 6 5
Al
B o110 OE, e.g_i
126 2 &
3
Question Answer Marks Guidance
(c) [Total no of arrangements = 9!] — k, k an integer<362 880
[Arrangements with men together = 8! x 2]
Not together: 9! —
8Ix2 8! x 2(!") or 80 640 seen anywhere
282240 Exact value
Alternative method for question 6(c)
TIx8x7 B1 | 7! x k, k positive integer > 1
M1 | m X 8X 7, m x %Py m X 8Cy m positive integer > 1
282240 Al | Exact value
3
(d) T'x2x7 M1 | 7! X k, k positive integer > 1
If 7! not seen, condone 7 X 6 X 5x 4 X3 x2x (1) xXk
or 7 X 6! x konly
M1 | m x 2 %7, m positive integer > 1
Al
3
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155. 9709 w20 _qp_53 Q: 5
The 8 letters in the word RESERVED are arranged in a random order.

(a) Find the probability that the arrangement has V as the first letter and E as the last letter. [3]
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Answer:
Question Answer Marks Guidance
(a) 8! B1 | Correct unsimplified expression for total number of ways
Total number of ways = PYET (=3360)
. . " 6! B1 6! .
Number of ways with V and E in correct positions = ol (=180) ol alone or as numerator in an attempt to find the number of
ways with V and E in correct positions.
No X+
B1FT ! .
Probability = 180 = 3 or 0.0536 Final answer from their 6 divided by their total number of
3360 56 22!
ways
Alternative method for question 5(a)
M1
l>< = a ><E seen. no other terms (correct denominators)
8 7 g8 7
Mi1|1 3
—X; seen, no other terms (correct numerators)
c
3 Al
— or 0.0536
56
3
Question Answer Marks idance
(b) Rs together and Es together: 5! (120) B1 | Alone or as n tor of probability to represent the number of
ways wi together, no X, +, —
_ 6! minator of probability to represent the number
Es together: ;(_ 360) Es together, no X, + or —
Probability = E seen
2
1
3

Alternative method for question 5(b)

P(Rs together and Es together):

B1

P(Es together):

B1

Alone or as numerator of probability to represent the
P(Rs and Es together). no x, +, —

M1 | Alone or as denominator of probability to represent the
Probability= P(Es together), no X, + or —
g
L 24
Al 1
their ——
OE, 2 seen
their —
28
4
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156. 9709 m19 qp 62 Q: 1

On each day that Tamar goes to work, he wears either a blue suit with probability 0.6 or a grey suit
with probability 0.4. If he wears a blue suit then the probability that he wears red socks is 0.2. If he
wears a grey suit then the probability that he wears red socks is 0.32.

(i) Find the probability that Tamar wears red socks on any particular day that he is at work. [2]

(ii) Given that Tamar is not wearing red S%Q"k, find the probability that he is wearing a grey
suit. [3]
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Answer:
Question Answer Marks Guidance
[63] 0.6%x02+04x%x032 M1 | Addition of 2 two-factor terms 0.6 x @ +0.4 x b
Al | CAO
=0.248, 3L
125
2
(if) Method 1
P(GS|Not Red socks) = 0.4x0.68 B1 | Correct [unsimplified] numerator seen in fraction
1-@)
M1 | 1 — their (i) as denominator in fraction
Al
=0.362, E
47
Method 2
B1 | Correct [unsimplified] numerator seen in
P(GS|Not Red socks) = _ 04x068 L » ]
0.6x0.8+0.4x0.68
M1 | Correct or (their (i))’ as denomi
Al
=0.362, v
47
3
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157. 9709_s19_qp_61 Q: 2

CHAPTER 3. PROBABILITY

Jameel has 5 plums and 3 apricots in a box. Rosa has x plums and 6 apricots in a box. One fruit
is chosen at random from Jameel’s box and one fruit is chosen at random from Rosa’s box. The
probability that both fruits chosen are plums is %. Write down an equation in x and hence find x. [3]
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Answer:
Question Answer Marks Guidance
M1 | Their 2 probabilities for P(plum) multiplied and equated to 1/4
Jameel: P(plum) = % , Rosa: P(plum) = % pr (plum) P o
x .
E . x l A1l | Correct equation oe
8 x+6 4
x=)4 Al | SC correct answer with no appropriate equations i.e. common sense
B1
3

Cl

‘0\
R
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158. 9709_s19 _qp_61 Q: 3

A fair six-sided die is thrown twice and the scores are noted. Event X is defined as ‘The total of the
two scores is 4’. Event Y is defined as “The first score is 2 or 5°. Are events X and Y independent?

Justify your answer. [4]
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Answer:
Question Answer Marks Guidance
3 1 B1
PX)=— | —oe
0 36 (12 J
12 (1 B1
PY)= — | zoe
) 36 (3 J
1 M1 | Independent method to find P(XNY) without multiplication, either
PXNY) = % stated or by listing or circling numbers on a probability space
diagram. OR condititional prob with a single fraction numerator
P(X) x P(Y) = P(XNY), independent A1l | Numerical comparison and conclusion, www
4
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159. 9709 _s19 _qp_62 Q: 1

CHAPTER 3. PROBABILITY

Two ordinary fair dice are thrown and the numbers obtained are noted. Event S is “The sum of the
numbers is even’. Event T is “The sum of the numbers is either less than 6 or a multiple of 4 or both’.
Showing your working, determine whether the events S and T are independent. [4]
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Answer:
Question Answer Marks Guidance
PS) = 1 B1
2
16 (4 Bl
= |2
36 \9
_10 (5 M1 | P(S~T) found by multiplication scores MO
PN = 36 |18 M1 awarded if their value is identifiable in their sample space diagram or
Venn diagram or list of terms or probability distribution table (oe)
P(S) P(T) # P(ST) so not independent Al | 8/36, 10/36 P(S) x P(T) and P(S T) seen in workings and correct
conclusion stated, www
Alternative method for question 1
P(S)= ! Bl
2
16 (4 Bl
PD="—" |2
o= (3
10 (5 M1 | P(S~T) found by multiplication score
PSnD = 36 |18 M1 awarded if their value is identifiab ample space diagram or
Venn diagram or list of terms or proba bution table (oe)
10 10 Al | Either 18/36, 10/16,P( @ en in workings and correct
P(S|T) = E or P(T|S) = E conclusion stated, www
Or 16/36, 10/18, P(T), P seen in workings and correct
P(S|T) # P(S) or P(T|S) £ P(T) so not independent conclusion stated,
4
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Megan sends messages to her friends in one of 3 different ways: text, email or social media. For each
message, the probability that she uses text is 0.3 and the probability that she uses email is 0.2. She
receives an immediate reply from a text message with probability 0.4, from an email with probability
0.15 and from social media with probability 0.6.

(i) Draw a fully labelled tree diagram to represent this information. [2]

mediate reply to a message, find the probability that the
(4]

(ii) Given that Megan does not
message was an email.

e
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Answer:
Question Answer Marks Guidance
i B1 | Fully correct labelled tree with correct probabilities for ‘Send’
R
04
B1 | Fully correct labelled branches with correct probabilities for the
text ‘reply’
03 06 NR
0.15 R
L email
085 NR
05 06 R
social
media
04 NR
2
Question Answer Marks
(i) p( 'I|NR) P(email ﬁNR) 0.2x0.85 M1 | P(email) x P(NR) seen as ction, consistent with
emai = = ; .
P(NR)  0.3x0.6+02x085+0.5x0.4 their tree diagram
_ 0.17 _ 017 M1 | Summing three -factor probabilities, consistent with
T 0184017402 055 their tree diagr en here
0.55 og (. lified) seen as denom of a fraction
Al
=0.309, T
55
A 0] er

Q"’Q
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When Shona goes to college she either catches the bus with probability 0.8 or she cycles with
probability 0.2. If she catches the bus, the probability that she is late is 0.4. If she cycles, the
probability that she is late is x. The probability that Shona is not late for college on a randomly chosen
day is 0.63. Find the value of x. [3]
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Answer:
Question Answer Marks Guidance
0.8 x0.6+0.2(1-x)=0.63 M1 | Equation of form 0.8 x A+ 0.2 x B=C, AB involving 1 —x and
0.6 or 0.4 and C=0.63 or 0.37
0.2x=0.05 M1 | Correct unsimplified equation
x=0.25 Al
Alternative method for question 1
0.8x0.4+02x=1-0.63 M1 | Equation of form 0.8 x A+ 0.2 x B=C, A,B involving x and 0.6
or 0.4 and C=0.63 or 0.37
0.2x=0.05 M1 | Correct unsimplified equation
x=0.25 Al
3
 /
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Benju cycles to work each morning and he has two possible routes. He chooses the hilly route with
probability 0.4 and the busy route with probability 0.6. If he chooses the hilly route, the probability
that he will be late for work is x and if he chooses the busy route the probability that he will be late
for work is 2x. The probability that Benju is late for work on any day is 0.36.

(i) Show thatx = 0.225. [2]

(ii) Given that Benju is not late for work, find the % ity that he chooses the hilly route. [3]
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Answer:
Question Answer Marks Guidance
(6] 0.4x+0.6 x 2x=0.36 or 0.4(1 —x) + 0.6(1 — 2x) =0.64 Ml | 04a+(1-0.4)b=0.36 or 0.64, a,b terms involving x
1.6x=0.36 Al | Fully justified by algebra
x=0.225 AG
2
Question Answer Marks Guidance
(1) P( H| L)= M1 | Correct numerical numerator of a fraction. Allow unsimplified.
0.4(1—x) 70.4x(l—0.225] B 0.4x0.775
1-036 064  0.4x0.775+0.6x0.55
M1 | Denominator 0.36 or 0.64. Allow unsimplified.
EL or 0.484 Al
64
3

Q”Q
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163. 9709 w19 _qp_62 Q: 7

(i) Find the number of different ways in which the 9 letters of the word TOADSTOOL can be
arranged so that all three Os are together and both Ts are together. [1]

(ii) Find the number of different ways in which the 9 letters of the STOOL can be
arranged so that the Ts are not together. & (4]
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(iii) Find the probability that arandomly chosen arrangement of the 9 letters of the word TOADSTOOL
has a T at the beginning and a T at the end. [2]

(iv) Five letters are selected from the 9 letters of the word TOADSTO the number of different
selections if the five letters include at least 2 Os and at least 1.T. [4]
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If you use the following lined page to complete the answer(s) to any question(s), the question number(s)
must be clearly shown.
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Answer:
Question Answer Marks Guidance
1) 6!=720 B1 | Evaluated
1
ii ! B1 | Accept luated
(i) Total no of arrangements: % =30240 ceept unevalua
1
No with Ts together = % —6720 B1 | Accept unevaluated
With Ts not together: 30 240 — 6720 M1 9! 8! .
correct or ———,m, h integers > 1
m n
or their identified total — their identified Ts together
23520 Al | CAO
Alternative method for question 7(ii)
ﬂx 8x7 B1 | 7! x (k> 0) in numerator, cannot be implied by "P», etc.
3t 2
B1 | 3! x (k> 0) in denominator
M1 i 71
their 7! «<5Cy0r°P;
their 3!
23520 Al | CAO
4
Question Answer Marks Guidance
(iii) _ 7 M1 ed number of arrangements with T at ends
Number of arrangements = — - -
3! iridentified total number of arrangements
!
their% 840 !
Probability = ——2 = —— m :
| or-—=-m.n integers >1
i‘he.v?ri 30240 9!
312! n
1 or 0.0278 A1 | Final answer
36
2
(1v) 00T__  “*C=6 M1 | *C, seen alone or *C, x k>1, k an integer, 0< x <4
Al | ‘Caxk k=1oeor*Cyxm, m=1 oealone
M1 | Add 3 or 4 identified correct scenarios only, accept unsimplified
Al | CAO, WWW
Only dependent on 2nd M mark
4
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There are 300 students at a music college. All students play exactly one of the guitar, the piano or
the flute. The numbers of male and female students that play each of the instruments are given in the
following table.

Guitar Piano Flute
Female students 62 35 43
Male students 78 40 42

(i) Find the probability that a randomly chosen student at the college is a male who does not play
the piano. [1]

(ii) Determine whether the events ‘a randomly chos ent is male’ and ‘a randomly chosen
student does not play the piano’ are independentyy INg your answer. 2]
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Answer:
Question Answer Marks Guidance
i 120 B1 | OE
® |20 _,
300
1
(i) .. 160 225 (8 3) 2 M1 | P(M) x P(P') seen
Plonale) > Ploot piano) = 300 ) 300 (15 i 4) s Can be unsimplified but the events must be named in a
product
. 120 2 A1l | Numerical comparison and correct conclusion
As P(male N not piano) also = — =—
300 5
The events are Independent
Alternative method for question 1(ii)
) ~ 120 . 225 M1 | P(M|P") or P(P' M) unsimplified seen with their probs with

P(male N not piano) = ﬁ; P(not piano) = ﬁ correctly named events

120 A1 | Numerical comparison with P( ") and correct

oo _ 300 _120_8 _ conclusion
Py not piano) = =-- =——=-—=P(male
(M | ot piano) = 398 = =1 = Panale)

300
or

120
P(not piano | M) = 300 120 3 _ P(not piano) ‘

P 160 160 4 P \

300

Therefore the events are Independent

Q"’Q
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Last Saturday, Sarah recorded the colour and type of 160 cars in a car park. All the cars that were not
red or silver in colour were grouped together as ‘other’. Her results are shown in the following table.

Type of car
Saloon Hatchback Estate
Red 20 40 12
Colour of car | Silver 14 26 10
Other 6 24 8
(i) Find the probability that a randomly chosen car in the car park is a silver estate car. [1]
(ii) Find the probability that a randomly chosen car in the car park is a/hatchba¢k car. [1]

car. (2]

*
(iv) Oneof g car car park is chosen at random. Determine whether the events ‘the car is a
hatchbaag’car’ a car is red’ are independent, justifying your answer. [2]
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Answer:
Question Answer Marks Guidance
1) (10/160 =) 1/16, 0.0625 Bl | OE
1
(if) (90/160) = 9/16, 0.5625 Bl | OE
1
(iii) P(red/hatchback) = P(red hatchback) / P(hatchback) M1 | Appropriate probabilities in a fraction
= 40/160 / 90/160
=4/9 Al | OE
Alm method: Direct from table
M1 for 40/a or b/90, a + 160
Al for 40/90 oe
2
Question Answer Marks Guidance
(iv) EITHER: (M1 | Use correct approach with app: (@abi]ities
72 90 40 substituted
P(red) x P(hatchback) = —x—— # —
wed) (o ) 160 160 7 160
Not independent Al) | Numerical co. nclusion stated
OR: (M1 | Use correc ith appropriate probabilities
40 72 substr
P(red/hatchback) = 40/90 and — = —
90 160
Not independent Al) comparison and conclusion stated

?’Q'PapaCambridge
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166. 9709_s18 qp_62 Q: 2

In a group of students, ?T are male. The proportion of male students who like their curry hot is % and

the proportion of female students who like their curry hot is %. One student is chosen at random.

(i) Find the probability that the student chosen is either female, or likes their curry hot, or is both
female and likes their curry hot. [4]

(i) Showiifgou
chosen likes the
o

termine whether the events ‘the student chosen is male’ and ‘the student
ot’ are independent. [2]

?"t.’PapaCambridge



o gPapaCambridge

373
Answer:
Question Answer Marks Guidance
1) Method 1 B1 | Seen, accept unsimplified
3 3 9
PMNH)==x==—"— (045
(M N H) 155 % (0.45)
i +
P(F or M E) = % . 2% _ ;z(t) M1 | Numerical attempt at P(F) + P(M N H)
A1 | Correct unsimplified expression
7 Al | Correct final answer
=—(0.7) OE
10
Method 2 B1 | Seen, accept unsimplified
3 2 6
PMNH)==x==— (03
(M N H) 1°5 2 0.3)
P(ForMNH)=1-PMNH) M1 | Numerical attempt at 1 — P(M N H')
1 3 2 A1l | Correct unsimplified expression
=1-2 x =
4 5
7 Al | Correct final answer
=— (0.7)OE
10
Question Answer Marks
6] Method 3 Bl|3 3
22
P(FﬂH’orH):lxl+1><i+§><é 43
4 5 4 5 4 5
- . 4 " 9 M1 | Numerical attempt at P
20 20 20
Al | Correct unsin
Al | C t
-7 (0.7) oe ‘orrec
10
Method 4 — Venn diagram style approach 9 yor 1 « 4 ( 4 Yor 3 « 3 N 1 % 4 ( 13 ) seen
PUTU H) = P(F) + P(H) - P@E N 1) 20°7 4 5200 4 5 4 520
1 .1 4 .3 3 1 4 erical attempt at P(F) + P(H) — P(F N H)
= -+ —-xX—-+ —x - ——x—
4 45 4 5 4 5
1 . 4 N 9 4 Correct unsimplified expression
4 20 20 20
Correct final answer
= — (0.7) oe
4
Question Marks Guidance
(i) Method 1 M1 | Unsimplified, or better, legitimate numerical attempt at P(M) x P(H) and
3 PM N H)
(P(M) x P(H) =) —
Descriptors P(M N H) and P(M) x P(H) seen, correct numerical
evaluation and comparison, conclusion stated
39 © 48:5) +£0.45 Al
80 '
Method 2 M1 | Unsimplified, or better, numerical attempt at P(H) and P(M N H), P(M)
9
P(M‘H)Z PMnH)_ 20 _ 9
PH) g 3 13
3
P ==
(M) 1
9 3 i A1 | Descriptors P(M N H), P(H) and P(M) OR P(M|H) and P(M) seen,
3 # 1 not independent numerical evaluation and comparison, conclusion stated
Any appropriate relationship can be used, the M is awarded for an
unsimplified, or better, numerical attempt at the terms required, the A mark
requires the correct descriptors, numerical evaluation and comparison and
the conclusion
2
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The members of a swimming club are classified either as ‘Advanced swimmers’ or ‘Beginners’. The
proportion of members who are male is x, and the proportion of males who are Beginners is 0.7. The
proportion of females who are Advanced swimmers is 0.55. This information is shown in the tree
diagram.

0.55 Ad_vanced
swimmers
Females
Beginners
Advanced
X swimmers
Males

0.70 Beginners 0

For a randomly chosen member, the probability of being an Advanced Swi the same as the
probability of being a Beginner.
\ [3]

(i) Find x.

*
(ii) Giveaoth‘ ar
member ds male

osen member is an Advanced swimmer, find the probability that the

(3]
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Answer:
Question Answer Marks Guidance
@ (1-x) and 0.45 (or 0.3) B1 | Seen, either on tree diagram or elsewhere
Beginners: 0.7 x x + ‘045’ x ‘(1 —x)’ = 0.5 M1 | One of the three correct probability equations
Or
Advanced: ‘0.3 xx+0.55x (1 -x)"=0.5
Or 0.7xx+045x ‘(1-x)"=°0.3" xx+0.55x ‘(1 -x)
x=0.20e Al | Correct answer
Total: 3
(i) 02x0.3 M1 | i’ x 0.3 as num or denom of a fraction
POM | )= PMAA) _
P(4) 05
M1 | 0.5 (or (1 —°1") x 0.55 + *i” x 0.3 unsimplified) seen as denom of a
fraction
3 A1 | Correct answer
=012 | —
25
Total: 3

Q”Q
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In a group of students, the numbers of boys and girls studying Art, Music and Drama are given in the
following table. Each of these 160 students is studying exactly one of these subjects.

Art Music | Drama

Boys 24 40 32

Girls 15 12 37
(i) Find the probability that a randomly chosen student is studying Music. [1]
(ii) Determine whether the events ‘a randomly chosen student is a b andomly chosen
student is studying Music” are independent, justifying your ans‘& [2]

andomly chosen student is not studying Drama, given that the student

(iii) Find th
is a gi (2]

e grob
22
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(iv) Three students are chosen at random. Find the probability that exactly 1 is studying Music and
exactly 2 are boys. [5]
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If you use the following lined page to complete the answer(s) to any question(s), the question number(s)
must be clearly shown.
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Answer:
Question Answer Marks Guidance
(6] 52/160 = 13/40, 0.325 B1 | oe
1
(ii) P(boy) = 96/160: P(Music) = 52/160 M1 | Use of P(B) x P(M) = P(BNM), appropriate probabilities used
P(boy and Music) = 40/160
96/160 > 52/160 +# 40/160: Not independent A1 | Numerical comparison and conclusion stated
2
Question Answer Marks Guidance
(iv) Method 2
40 56) (52 12 356 M1 | One scenario identified with 2 or 3 combination multiplied
x X
1 1 1 1 2
160
3
Al | One scenario correct
B1 | Denominator correct
116480 +18480 M1 | Both scenarios attempted, s a numerator of a
669920 fraction
1687 Al | Correct answer,
8374
5
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169. 9709 wi8 qp 62 Q: 1
(i) How many different arrangements are there of the 11 letters in the word MISSISSIPPI? [2]

ii) Two letters are chosen at random from the 11 lette Q word MISSISSIPPI. Find the

probability that these two letters are the same. 3]
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Answer:
Question Answer Marks Guidance
[63] 11 M1 | 11! 11! e
or———, ka positive integer
414121 Ak 2xk
= 34650 Al | Correct final answer
2
(ii) Method 1
B1 | One of P(SS), P(PP P t, all implified
P(SS):ixi:E (=0.10911) e of P(SS), P(PP) or P(I) correct, allow unsimplifie
11 10 110
M1 | Sum of probabilities from 3 appropriate identifiable scenarios
P(PP) = %x%:% (=0.01818) P pp: pra A,
(either by labelling or of form —x—+-—x—+—x—
_ 4.3 12 _ 4 3 11 115 11 b
b = ﬁxﬁfm = 0'10911)HXE wherea =40r3,b=110r10,c=20r1)
Al | C t final
Total = 22 =13 4 (0.236) orrect Hinat abswer
110 55
Method 2
Total number of selections = ''C, = 55 B1
Selections with 2 Ps =1
Selections with 2 Ss=*C, =6 M1
Selections with 2 Is = *C, =6,
Total selections with 2 letters the same = 13 Al | Correct final an: , witheut use of permutations
Probability of 2 letters the same = g oe (0.236)
3

Q"’Q
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A box contains 3 red balls and 5 blue balls. One ball is taken at random from the box and not replaced.
A yellow ball is then put into the box. A second ball is now taken at random from the box.

(i) Complete the tree diagram to show all the outcomes and the probability for each branch. [2]

First ball Second ball

<

>
&

(ii) Find the probability that taken are the same colour. [2]
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(iii) Find the probability that the first ball taken is red, given that the second ball taken is blue. [3]
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CHAPTER 3. PROBABILITY

Answer:
Question Answer Marks Guidance
i) B1 | Fully correct labelled tree and correct probabilities for ‘First Ball®
First Ball Second Ball
R _— 8
R
B1 | Correct probabilities (with corresponding labels) for ‘Second Ball®
2
(ii) P(RR) + P(BB) = 3/8 x 2/8 + 5/8 x 4/8 = 3/32 + 5/16 M1 | Correct unsimplified expression diagram, £p = 1 on
each branch

=13/32(0.406) A1 | Correct answer

2
Question Answer Marks Guidance
(1) P(RB) = 3/8x5/8=15/64 M1 | py d ball blue) from their tree diagram seen
unsi umerator or denominator of a fraction
on each branch
P(B) =3/8 x 5/8 + 5/8 x 4/8 =35/64 ct unsimplified expression for P(B) from their tree diagram
en as denominator of a fraction. Allow Zp # 1 on each branch

P(R|B) =P(RB) / P(B) = (15/64) + (35/64) = 3/7 (0.429) Correct answer

3

Q"’Q

o gPapaCambridge



T‘:_']’PapaCambridge

385
171. 9709 w18 qp 63 Q: 4
Out of a class of 8 boys and 4 girls, a group of 7 people is chosen at random.
(i) Find the probability that the group of 7 includes one particular boy. [3]
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(ii) Find the probability that the group of 7 includes at least 2 girls. [4]
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Answer:
Question Answer Marks Guidance
(i) Total number of selections = °C,= 792 B1 | Seen as denominator of fraction
Selections with boy included = 'C; or °C; - "'C;= 462 M1 | Correct unsimplified expression for selections with boy included
seen as numerator of fraction
Probability = 462/792 = 7/12 (0.583) A1 | Correct answer
OR
prob of boy not included = 11/12 x 10/11 x .... x 5/6=5/12 B1 | Correct unsimplified prob
1-5/12 M1 | Subtracting prob from 1
=7/12 Al | Correct answer
3
Question Answer Marks Guidance

(i1) Method 1

Scenarios are: B1 | One unsimplified product correct
2G+5B:  *C, % °C5=336

3G+4B:  *Cyx%C,=280 %51
4G + 3B: Cax3C3=56 girls with no of girls and
Total = 672 Al
Probability = 672/792 (28/33) (0.848) Alft | Correct answer
Method 2
0G + 7B *Cox*C;=8 B1 | One w

1G + 6B iCy x3Cs=112 M1 0 ions (products of *C,and °P ,) added for 0 and 1 girls
Total=8+112=120 \ 0 of girls and no of boys summing to 7

(*C; - 120)/792 or 1 - 120/792 —120=672or 1 —120/792

Probability = 672/792 (28/33) (0.848) 672" over *792° from i

Method 3 (probability)

1-P(0)—-P(1)
=1-(8/12xT711 % ...... x 2/6) — (8/12 x ... x 3/7 x A6

B1 | One correct unsimplified prob for 0 or 1

=1-1/99-14/99 M1 | Subtracting ‘P(0)’ and ‘P(1)’ (using products of 7 fractions with

denominators from 12 to 6) from 1

Al | Both probs correct unsimplified

=84/99 = 28/33 Alft | 1-°P(O) — “P(L)’

Question Marks Guidance

(i1) Method 4 (probabil

B1 | One correct unsimplified prob for 2, 3 or 4

M1 | Adding ‘P(2)’, ‘P(3)’ and P(4)’ (using products of 7 fractions with
denominators from 12 to 6)

A1 | Three probs correct unsimplified

=84/99 = 28/33 Alft | ‘PQ)+ PR3)’ + ‘P()
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172. 9709 _s17 qp 61 Q: 2

Ashfaq throws two fair dice and notes the numbers obtained. R is the event ‘The product of the two
numbers is 12°. T is the event ‘One of the numbers is odd and one of the numbers is even’. By finding
appropriate probabilities, determine whether events R and T are independent. [5]
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Answer:
Question Answer Marks Guidance

P(R)=4/36=1/9 M1 | Attempt at P(R) by probability space diag or listing
more than half the options, must see a prob, just a list
is not enough

P(T)=P(0,E)+P(E,0)=1/4+1/4=1/2 OR P(R|T)=1/9 M1 | Attempt at P(T) or P(R|T) involving more than half the
options

P(RNT)=P(3,4)+P(4,3)=2/36=1/18 OR P(R|T)=1/9 B1 | Value stated, not from P(R) x P(T) e.g. from
probability space diagram

AsP(R)xP(T)=P(RNT) OR as P(R|T)=P(R) M1 | Comparing product values with P(R7T), or
comparing P (R|T) with P(R)

The events are independent. Al | Correct conclusion must have all probs correct

Total: 5

Q"’Q
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173.9709_s17_qp_61 Q: 3

Redbury United soccer team play a match every week. Each match can be won, drawn or lost. At
the beginning of the soccer season the probability that Redbury United win their first match is é, with
equal probabilities of losing or drawing. If they win the first match, the probability that they win the
second match is % and the probability that they lose the second match is % If they draw the first
match they are equally likely to win, draw or lose the second match. If they lose the first match, the

probability that they win the second match is 13—0 and the probability that they draw the second match

1

1S 20°

(i) Draw a fully labelled tree diagram to represent the first two matches played by Redbury United
in the soccer season. [2]

X

(i) Given that Redbury UIQWiH the second match, find the probability that they lose the first
match. [4]
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Answer:
Question Answer Marks Guidance
(i) W M1 | Correct shape i.e. 3 branches then 3 by 3 branches,
710 labelled and clear annotation
Condone omission of lines for first match result
providing the probabilities are there.
W 2710 D
3/5 1/10 L
173 W
/5 D 1/3 D
1/3 L
1/5 3/10 _W
L
120 D
13/2
L
Al | All correct probs with fully shape and probs
either fractions or deci
Total:
Question Answer Marks
(i1) P(L )
P iven 7, )="—— 22
(Ll g 2) P (W2 )
B 1/5%3/10
3/5x7/10+1/5x1/3+1/5%3/10 O seen anywhere
nsimplified correct P(W2) num or denom of a
fraction
_3/50 =9/82(0.110)
41/75
tal: 4

Q"’Q
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174. 9709 s17_qp 63 Q: 1

A biased die has faces numbered 1 to 6. The probabilities of the die landing on 1, 3 or 5 are each
equal to 0.1. The probabilities of the die landing on 2 or 4 are each equal to 0.2. The die is thrown
twice. Find the probability that the sum of the numbers it lands on is 9. [4]
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Answer:
Question Answer Marks Guidance

P(6)=03 Bl | 801

P(sum1s 9)=P(3,6) + P(4, 5) + P(5,4) + P(6, 3) M1 | Identifying the four ways of summmng to 9 (3.6), (6,3) (4,5) and
(5.4)

=(003+002)=2 M1 | Mult 2 probs together to find one correct prob of (3.6), (6,3)
(4,5) or (5,4) unsimplified

=01 Al | OE

Total: 4
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175. 9709_s17_qp_63 Q: 3

A shop sells two makes of coffee, Café Premium and Café Standard. Both coffees come in two sizes,
large jars and small jars. Of the jars on sale, 65% are Café Premium and 35% are Café Standard. Of
the Café Premium, 40% of the jars are large and of the Café Standard, 25% of the jars are large. A jar

is chosen at random.

(i) Find the probability that the jar is small.

(ii) Find the probability that the jar is dard given that it is large. [3]
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Answer:
i) P(5)=0.65x 0.6 +0.35x0.75 M1 | Summing two 2-factor probs or 1 — (sum of two 2-factor probs)
=0.653(261/400) Al
Total: 2
Question Answer Marks Guidance
(i1) P(std| L)= P(Std L) _ 035x0.25 _ 0.0875/0.3475 M1 ;P(Std) X ‘-l:(L«"Std)’as num of a fraction. Could be from tree
P(L) 1-0.6525 iagram in 3(1).
M1 | Denominator (1 - their (1)) or their (1)
or 0.65 x 0.4(or 0.6) + 0.35 x 0.25(or 0.75) = 0.26+0.0875
or P(L) from their tree diagram
=0.252(35/139) Al
Total: 3

Q"’Q
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176. 9709 _wl17_qp_61 Q: 5

Over a period of time Julian finds that on long-distance flights he flies economy class on 82% of
flights. On the rest of the flights he flies first class. When he flies economy class, the probability that
he gets a good night’s sleep is x. When he flies first class, the probability that he gets a good night’s

sleep is 0.9.

(i) Draw a fully labelled tree diagram to illustrate this situation. [2]

The probability that Julian gets t’s sleep on a randomly chosen flight is 0.285.

(2]

(ii) Find the value of x.
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(iii) Given that on a particular flight Julian does not get a good night’s sleep, find the probability that
he is flying economy class. [3]
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Answer:
Question Answer Marks Guidance
(i) GNS B1 | Must see at least 4 probs correct including one with an x in, correct shape
X
B1 | Shape, clear labels/annotation and all probs correct
E
0.82 1-x Not GNS
GNS
0.9
0.18
F
0.1
Not GNS
2
(ii) 0.82x + 0.18 x 0.9 =0.285 M1 | Eqn with x in , two 2-factors on one side
x=0.15 Al
2
(iif) p(E A uotGNS) M1 | Attempt at P(ENnot GNS) seen as num or fraction
P(E|notGNS)=—————
P(anNS) M1 | Attempt at P(not GNS) seen anywher:
Al | Correct answer
_ 0.82x0.85 _ 0.975
1-0.285
3

&
Q"’Q
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177. 9709 w17 qp 63 Q: 3
At the end of a revision course in mathematics, students have to pass a test to gain a certificate. The
probability of any student passing the test at the first attempt is 0.85. Those students who fail are
allowed to retake the test once, and the probability of any student passing the retake test is 0.65.

(i) Draw a fully labelled tree diagram to show all the outcomes. [2]

(ii) Given that a student gains the certiﬁcate% probability that this student fails the test on the
[4]

first attempt.
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Answer:
Question Answer Marks Guidance
(i) Pass M1 | Correct shape
0.85
Pass Al | All correct labels and probabilities
0.65
0.15
Fail
T
Fail
2
Question Answer Marks Guidance
(ii) P( Fr p) M1 | P(P) consistent with their tree diagram seen anywhere
PF|P) = ———
P(P)

_ 0.15%0.65 or 0.15%0.65 Al | Correct unsimplified P(P) seen as num or denom of a fraction

0.85+0.15x0.65 1-0.15x0.35
~0.0975 M1 | P(F[ P) found as correct product or consist eir tree diagram
T 0.9475 seen as num or denom of a fraction
=3 o103 Al

379

4

Q"’Q
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178. 9709 _w17_qp_63 Q: 6

A car park has spaces for 18 cars, arranged in a line. On one day there are 5 cars, of different makes,
parked in randomly chosen positions and 13 empty spaces.

(i) Find the number of possible arrangements of the 5 cars in the car park. [2]

?‘]'PapaCambridge



"
] o
-"Pﬁp aCambri dg e CHAPTER 3. PROBABILITY

On another day, 12 cars of different makes are parked in the car park. 5 of these cars are red, 4 are
white and 3 are black. Elizabeth selects 3 of these cars.

(iii) Find the number of selections Elizabeth can make that include cars of at least 2 different colours.

[5]
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Answer:
Question Answer Marks Guidance
(1) 15ps M1 | '®P, or ’Ps OE seen, 0 <x < 18 and 5 < ¥ <18, can be mult by & > 1
=1028 160 Al
2
Question Answer Marks Guidance
(ii) EITHER: (B1 | 5! OE mult by k > 1. considering the arrangements of cars next to each
e.g. ¥¥F(CCCCC)*##*r ittt i 51x14 ways other
=1680 B1 | Mult by 14 OE, (or 14 on its own) considering positions within the line
P (next to each other) = 1680/1 028 160 M1 | Dividing by (i) for probability
P(not next to each other) = 1 — 1680/1 028 160 M1 | Subtracting prob from 1 (or their 5! x 14~ from (i) )
Al
=0.998 st OE )
612
ORI: (B1 | 5! OE mult by k > 1 (on its own or in numerat ion) considering
! !
Sx 14! 0.001634 the arrangements of cars next to each other
18!
B1 | Multiply by 14!, (or 14! on its o
spaces with 5 cars togethw
M1 | Dividing by 18!, total n ays of arranging spaces

1-0.001634 M1 | Subtracting pr; ! x 14! from 18!)
=0.998(366) Al)
OR2: (M1 | Listing t scenarios (only): 4 together: 3 together and 2
4 together — 2x51x14C12 =21 840 sep er and 2 together; two sets of 2 together and 1 separate; 2
3,1,1  —3x5!x14C11=131040 fo d 3 separate; 5 separate.
3.2 — 2x5!x14C12=21840
22,1 — 3x5!x14C11=131040

2.1.L1,1 - 4x5!x14C10=480480
1.1,1,1,1 — 5!x14C%0r14P5= 240 240

Question Answer

Total = 1026480

Summing total of the six scenarios, at least 2 correct unsimplified

Guidance

Al

Total of 1 026 480

M1

Dividing their 1 026 480 by their 6(i)

1026 480 +1028160=0.

Al)
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Question Answer Marks Guidance
(iii) R(5) W(4) B(3) Bl | 5C1x4C1x3Cl or better seen i.e. no. of ways with 3 different colours
Scenarios No. of ways
1 1 1 =5x4x3=60
0 1 2 =4x°C,=12 M1 | Any of °C; or *C or *Cy seen multiplied by k> 1 (can be implied)
0 2 1 =*Cx3=18
1 0 2 =5x°C,=15 Al | 2 correct unsimplified ‘no. of ways” other than 5C1 x 4C1 x 3C1
2 0 1 =°C,x3=30 ) . -
_ 4 M1 | Summing no more than 7 scenario totals containing at least 6 correct
1 2 0 =35x'C,=30 X
21 0 =Cyx4=40 seenarios
Total = 205 Al
OR
2oy - M1 | Seeing ey, considering all selections of 3 cars
-5 M1 | Subt °C; OE, removing only red selections
—‘c, M1 | Subt *C; OE, removing only white selections
-3¢ M1 | Subt ’C; OE. removing only black selections
=205 A1l | Correct answer
5

179. 9709_m16_qp_62 Q: 3

A fair eight-sided die has faces marked 1, 2, 3,4, 5, 6, 7, 8. The sc
number on the face the die lands on. The die is thrown twice.

the die is thrown is the

e Event R is ‘one of the scores is exactly 3 greater than thé

¢ Event S is ‘the product of the scores is more than 19°.

(i) Find the probability of R. @ [2]
(ii) Find the probability of S. [2]
(iii) Determine whether events R and § ar@endent. Justify your answer. [3]
Answer:

) [ P(RY[(1,4),(2,5) ,3)] < 2/64 M1 List of at least 4 different options or
possibility space diagram
Al 2 | Correct answer
(ii) )(4,6)(4,5)(5,8) M1 List of at least 14 different options or ticks
«5 oe from possibility space
Al 2 | Correct answer
(i) | P(RNS) =4/64 B1
4/64 £ 10/64 x 28/64 M1 Comparing their P(RNS) with (i) x(ii) with
values
Events are not independent Al 3 | Correct answer
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180. 9709 _m16_qp 62 Q: 5

In a certain town, 35% of the people take a holiday abroad and 65% take a holiday in their own
country. Of those going abroad 80% go to the seaside, 15% go camping and 5% take a city break.
Of those taking a holiday in their own country, 20% go to the seaside and the rest are divided equally
between camping and a city break.

(i) A person is chosen at random. Given that the person chosen goes camping, find the probability
that the person goes abroad. [5]

(ii) A group of n people is chosen randomly. The probability of all the people in the group taking a

holiday in their own country is less than 0.002. Find the smallest possible value of #. [3]
Answer:
(i) | P(Abroad given camping) M1 Attempt at P(4NC) seen alone anywhere
P(A4
= ANC) Al Correct answer seen.as num’or denom of a
P(ANC)+ P(HNC) fraction
_ 0.35x0.15 M1 Attempt at P(C) seenanywhere
0.35%0.15+0.65x 0.4 Al Correct unsimplified answer seen as num
_ 0.0525 or denompofafraction
0.3125
=0.168 Al 5 J. Cortect answer
(i) | (0.65)" <0.002 M1 Eqa'with 0.65 or 0.35, power n, 0.002 or
0.998
n>1g (0.002)/1g(0.65) M1 Attempt to solve their eqn by logs or trial
and error need a power
n=15 Al 3 | Correct answer

181. 9709 _s16_qp_ 61 Q: 3

The probability that the school bus is o any particular day is 0.6. If the bus is on time the
probability that Sam the driver gets a c ffee is 0.9. If the bus is not on time the probability that
Sam gets a cup of coffee is 0.3.

(i) Find the probability that gets a cup of coffee. [2]

(ii) Given that Sam dogs not get a cup of coffee, find the probability that the bus is not on time. [3]

L 2
Answer: ?
(i) P (cup afcoffee) =0.6x0.9 +0.4x 0.3 M1 Summing two 2-factor probabilities
=0.66 Al [2] | Correct answer accept 0.660
(ii) P(Not on time | no cup of coffee) M1 0.4x0.7 seen as num or denom of a
fraction
_ P(noton time N nocup) _ 04x0.7 M1 Attempt at P(no cup) as 0.1xp; + 0.7xps
P(nocup) 1-0.66 or as 1 — (i) seen anywhere
_ 028 504 Al [3]
0.34
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182. 9709 s16 qp 62 Q: 1

CHAPTER 3. PROBABILITY

Ayman’s breakfast drink is tea, coffee or hot chocolate with probabilities 0.65, 0.28, 0.07 respectively.
When he drinks tea, the probability that he has milk in it is 0.8. When he drinks coffee, the probability
that he has milk in it is 0.5. When he drinks hot chocolate he always has milk in it.

(i) Draw a fully labelled tree diagram to represent this information. [2]

(ii) Find the probability that Ayman’s breakfast drink is coffee, given that his drink has milk in it.

(3]
Answer:
Qu Answer Marks | Notes
(i) z M
0.2
0.65 T NM M1 Correct s er one branch after
0.5 M HCor2b 0 prob seen correct
0.28 C < Labﬂed notation
0.07 NM \
1 M
HC (
0
NM All probs correct
(ii) . P(coffee M milk)
P(C | milk) = Pl 1 | Attempt at P(coffeen milk)as a two-factor
prod only seen as num or denom of a
= 0.28x0.5 fraction
0.65x0.8+0.28x0.5+0.07(x1)
Summing appropriate three 2-factor
M1 .
0.14 products seen anywhere (can omit the 1)
073
Al [3]

Correct answer oe

=0.192 z
D 4
| o :‘
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183. 9709 _s16_qp 63 Q: 1

In a group of 30 adults, 25 are right-handed and 8 wear spectacles. The number who are right-handed
and do not wear spectacles is 19.

(i) Copy and complete the following table to show the number of adults in each category. [2]

Wears spectacles Does not wear spectacles Total

Right-handed

Not right-handed

Total 30

An adult is chosen at random from the group. Event X is ‘the adult chosen is right-handed’; event ¥
is ‘the adult chosen wears spectacles’.

(ii) Determine whether X and Y are independent events, justifying your answer. [3]
Answer:
Qu Answer Marks Guidance
(i) Wears Not Total
specs wears
specs
RH 6 19 25 B1 One correct row or col including total
Not other than the Total row/column
2 3 5
RH
Total 8 B1 [2] | All correct

(ii) P(X) =25/30, P(Y)=8/30 M1 P(X) or P(Y) from their table or correct

from question (denom 30) oe

P(X) x P(Y)=125/30 %8 M1 Comparing their P(X) X P(Y) (values

P(XNY) =6/30 =1/ at substituted) with their evaluated P(XNY) —
not P(X)xP(Y)

Not independent Al [3]

184. 9709 wi6"Gb 6

Deeti has 3 red pens an e pen in her left pocket and 3 red pens and 1 blue pen in her right pocket.
‘Operation 7" consists of Deeti taking one pen at random from her left pocket and placing it in her
right pocket, then taking one pen at random from her right pocket and placing it in her left pocket.

(i) Find the probability that, when Deeti carries out operation 7', she takes a blue pen from her left
pocket and then a blue pen from her right pocket. [2]

The random variable X is the number of blue pens in Deeti’s left pocket after carrying out operation 7.
(i) Find P(X =1). [3]

(iii) Given that the pen taken from Deeti’s right pocket is blue, find the probability that the pen taken
from Deeti’s left pocket is blue. [4]
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Answer:
(i) | P(B,B)=1/4x2/5 M1 Multiplying two different probs
=1/10 Al [2]
(ii)) | P(X=1)=PR,R) +P(B,B) M1 Finding P(R, R) (=3/5)
=3/4 x4/5+ 1/10 M1 Summing two options
= 14/20 (7/10) Al [3]
(iii) | P(B B1 M1 their (1) seen as num or denom
of a fraction
_PBnB) _ 1/10 M1 Y4 % py + Y4 % p, seen anywhere
P(B) 3/4x1/5+1/4%2/5
Al 1/4 (unsimplified) seen as num
or denom of a fraction, www
=2/5 Al [4] é

185. 9709 w16 _qp 62 Q: 1

When Anya goes to school, the probability that she walks is 0.3 a
is 0.65; if she does not walk or cycle she takes the bus. When
is late is 0.15. When she cycles the probability that she is lai

obability that she cycles
s the probability that she
d when she takes the bus the

probability that she is late is 0.6. Given that Anya is late, fi bability that she cycles. [5]
Answer:
P(CgivenL) = P(}(j(;)l‘) M P(CNL) seen as num or denom of a fraction

0.65x0.1

0.65x0.1+0.3x0.15+0.05x OﬁQa Al Correct unsimplified P(CNL) as numerator

M1 Summing three 2-factor products seen anywhere

_ 0.065

0.14 Al 0.14 (unsimplified) seen as num or denom of a

fraction
=0.464, E Al [5]]| oe
+@
PR
4 V'S
*
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186. 9709 w16 qp 63 Q: 4

409

For a group of 250 cars the numbers, classified by colour and country of manufacture, are shown in

the table.
Germany Japan Korea
Silver 40 26 34
White 32 22 26
Red 28 12 30

One car is selected at random from this group. Find the probability that the selected car is

(i) ared or silver car manufactured in Korea,

(ii) not manufactured in Japan.

[1]
[1]

X is the event that the selected car is white. Y is the event that the selected car isdfianufactured in

Germany.
(iii) By using appropriate probabilities, determine whether events X and Y are independent. [5]
Answer:
@) | 64/250,0.256 Bl | [1]|%e
@) | 190/250, 0.76(0) B1 'l oe
(iii) | PCY) = 80/250 = 8/25 M1 attempt at P(X)
P(Y) = 100/250 = 2/5 M1 attempt at P(¥)
PXNY)=32250=16/125 B1 oe
8§ 2 16 0 .
PX) x P(Y)= —x—=— M1 comparing P(X) x P(Y) and P(X N ¥) so long
25 5 125 as independence has not been assumed
Since PA) xP(N) =P (X1 Al [5] | correct answer with all working correct
independent

187. 9709 _s15_qp_61 Q:8

Jason throws##o
is divisiblé"bys 3yand
numbers obtaifded is e

(i) Determine whether events A and B are independent, showing your working.

(ii) Are events A and B mutually exclusive? Justify your answer.

each with faces numbered 1 to 6. Event A is ‘one of the numbers obtained
er number is not divisible by 3. Event B is ‘the product of the two

[5]
[1]
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Answer:
(i) 1 2 21 4 M1 Sensible attempt at P(4)
P(4) 3 ;+ 3379 M1 Sensible attempt at P(B)
P(B) = 2 = i Bl correct P(ANB)
36 4 M1 Ct P(ANB) with P(4)<P(B) need at
least 1 correct
12 1 Al [5] | Correct conclusion following all
P(ANB) = —= — correct working
36 3 =
4 3 1
P(A)*P(B)= —x—= —
9 4 3
Independent as P(ANB) = P(4)*P(B)
(ii) Not mutually exclusive because P(ANB) B14'[1] | ft their P(ANB)
#0
Or give counter example e.g. 1 and 6

188. 9709 s15 qp_ 61 Q: 4

YIU VY IV VYLD ULALL O LD

Take fewer than 100 photos
0.76

View at least 3 times

0.90 View fewer than 3 times

Take at least 100 photos

0 View at least 3 times

A survey is undertaken to investi any photos people take on a one-week holiday and also
how many times they view @ or a randomly chosen person, the probability of taking
fewer than 100 photos is X. obability that these people view past photos at least 3 times is 0.76.
For those who take at least 10 otos, the probability that they view past photos fewer than 3 times
15 0.90. This information is shown in the tree diagram. The probability that a randomly chosen person
views past [z}stos t than 3 times is 0.801.

7

(i) Find x. *4 3]
(ii) Given that a person views past photos at least 3 times, find the probability that this person takes

at least 100 photos. [4]

Answer:
(i) (1-x)0.9+xx0.24=0.801 M1 Eqn with sum of two 2-factor
probs =0.801
Al Correct equation
x=0.15 Al [3] | Correct answer
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(ii) P(=100 times given = 3 vicws) Bl 0.85x%0.1 seen on its own as num or
denom of a fraction
- M1 Attempt at P(= 3 views) either
P(=3 views) (0.85%p; +0.15%p2) or 1 —0.801
0.85% 0.1 N seen anywhere
Correct unsimplified P(= 3 views
0.85x0.1+0.15x0.76 or 1 - 0.801 as num or dcngm ofa tgraction :

=0427 Al [4] | Correct answer

P(=100times =3 views)

189. 9709 s15 qp_ 62 Q: 4

0.72 Mother likes her present

Nikita buys a scarf
03

Mother does not like her present

Mother likes her présent
Nikita buys a handbag

Mother does not like her present

Nikita goes shopping to buy a birthday present for her mather.” She buys either a scarf, with
probability 0.3, or a handbag. The probability that her mother will'like the choice of scarf is 0.72.
The probability that her mother will like the choice of handbag isx. This information is shown on the
tree diagram. The probability that Nikita’s mother likes the présent that Nikita buys is 0.783.

(i) Find x. (31

(ii) Given that Nikita’s mother does not li@‘ present, find the probability that the present is a
scarf. [4]

Answer:
@) 0.3%0.72 +0.7xx = 0" Ml Eqn with sum of two 2-factor probs =0.783
Al Correct equation
x=0.81 Al 3 | Correct answer
- 'S
. P NL
) P(gg‘iven = —M B1 0.3x0.28 seen on its own as num or denom
BA P(NL) of a fraction
= 3x0.28 Ml Attempt at P(NL) either (0.3 x p;) +
0.3%x0.28+0.7%x0.190r1-0.783 (0.7 x p,) or 1 —0.783 seen anywhere
Al Correct unsimplified P(NL) as num or
=0.387 (12/31) denom of a fraction
Al 4 | Correct answer

190. 9709 w15 _qp 62 Q: 2

A committee of 6 people is to be chosen at random from 7 men and 9 women. Find the probability
that there are no men on the committee. [3]
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Answer:

Co 84 21 3
c, 8008 2002 286
=0.0105 B1 16C6 seen as denom of fraction oe
B1 3 | Correct final answer

B1 °C ¢ seen anywhere

P(no men)

R —x—x—x—x—x—=0.0105 B1
16 15 14 13 12 11 B1 (9 x 8 x 7 x 6 x 5 x 4) seen anywhere

B1 Correct unsimplified denom

Correct final answer

191. 9709_w15_qp_63 Q: 2

In country X, 25% of people have fair hair. In country Y, 60% of people have fair hair. There are
20 million people in country X and 8 million people in country ¥. A person is chosen at random from

these 28 million people.
(i) Find the probability that the person chosen is from country X. [1]

(ii) Find the probability that the person chosen has fair hair. [2]

(iii) Find the probability that the person chosen is from country X, given that the person has fair hair.

(2]
Answer:
@ | P = 2005 (0.714),71.4% Bi, 1) oe
28\ 7
(i) | P(F)= 20 X 1 X 3 X 6_7 M1 Summing two 2-factor probs created by
28 4 28 10 20 0 One of ¥ or % multiplied by 20/28 or 8/28
Added to 4/10 or 6/10 x altn population prob
Correct answer
5/28 25 0 . N -
(iii) | P(X|F)=—= M1 Their unsimplified country X probability
7/20 £49 (5/28) as num or denom of a fraction
Or (their fair hair population) + (total fair
hair pop)
’?~ Al 2 | Correct answer

192. 9709 w15 qp_6

Ellie throws two fair tetrahedral dice, each with faces numbered 1, 2, 3 and 4. She notes the numbers
on the faces that the dice land on. Event S is ‘the sum of the two numbers is 4’. Event T is ‘the
product of the two numbers is an odd number’.

(i) Determine whether events.S and 7" are independent, showing your working. [5]

(ii) Are events S and T exclusive? Justify your answer. [1]
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Answer:

@ | P = % M1 Sensible attempt at P(S)

P(T) = % M1 Sensible attempt at P(7)

P(SNT) = % B1 Correct P(SNT)

P(S) x P(T) = 3 # 2 M1 comp P(S) x P(T) with P(SNT) (their

64 16 values), evaluated
Not independent Al 5 | Correct conclusion following all correct
working

(ii) | not exclusive since P(SN7) # 0 FT their P(SNT), not obt m P(S) x

Or counter example e.g. | and 3 P(T), with value and

Or P(SUT) # P(S)+P(T) with values Bl 1
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