IB Questionbank Maths SL

PROB NON CALC SL

459 min
460 marks

The probability distribution of a discrete randweariableX is given by

2
PX =x) = %,x 0 {1, 2, K}, wherek > 0.

(&) Write down PX = 2).
(1)

(b)  Show thak = 3.
4

(c) Find EX).

@)
(Total 7 marks)



2.

In a group of 16 students, 12 take art and 8 malkgic. One student takes neither art nor music.
The Venn diagram below shows the events art andtnilise value, g, r ands represent
numbers of students.

(@)

(b)

(©

art music

(i)  Write down the value &
(i)  Find the value ofy.

(i)  Write down the value op and ofr.
©)

()  Astudent is selected at random. Given thatstudent takes music, write down the
probability the student takes art.

(i)  Hence, show that taking music and taking art aoeindependent events.
(4)

Two students are selected at random, onethiéesther. Find the probability that the first
student takesnly music and the second student tabely art.

(4)
(Total 13 marks)



3.

The Venn diagram below shows evefitandB where PQ) = 0.3, P(ALI B) = 0.6 and
P(A N B) = 0.1. The values, n, p andg are probabilities.

(@ () Write down the value of.

(i)  Find the value ofm, of p, and ofq.
(4)

(b) Find PB).

)
(Total 6 marks)

Consider the evens andB, where PA) = 0.5, PB) = 0.7 and PA N B) = 0.3.

The Venn diagram below shows the eveéxendB, and the probabilitieg, g andr.

A B




(@)  Write down the value of

0 P
@i o
(i) .

3)

(b)  Find the value of (| B").
)

(c) Hence, or otherwise, show that the evénéndB arenot independent.

1
(Total 6 marks)

José travels to school on a bus. On any day,rttmpility that José will miss the bus?lgs.
If he misses his bus, the probability that he dllate for school is;—.

If he does not miss his bus, the probability tratil be late isg.

Let E be the event “he misses his bus” and F the evenis'late for school”.
The information above is shown on the followingetogagram.
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(@ Find
i PENF);

(i) P(F).

(b)  Find the probability that

()  José misses his bus and is not late for school;

(i)  José missed his bus, given that he is latesétiool.

(4)

(5)

The cost for each day that José catches the 8usugsos. José goes to school on Monday and

Tuesday.

(c) Copy and complete the probability distribution table.

X (cost in euros)

3

P (X)

Ol | O

(d)  Find the expected cost for José for both days.

3)

2
(Total 14 marks)



6. The diagram below shows the probabilities for evérandB, with PA) = p.

1
4

(@) Write down the value ¢
(1)

(b)  Find PB).
©)

(c) Find P& |B).

©)
(Total 7 marks)

7. The letters of the word PROBABILITY are written @t cards as shown below.

PIRR OB AB I L I TY

Two cards are drawn at random without replacement.
Let A be the event the first card drawn is the letter A.
Let B be the event the second card drawn is the letter B

(@ Find PA).
1)



(b) Find PB|A).
2

(c) Find PANB).

)
(Total 6 marks)

Two boxes contain numbered cards as shown below.

Two cards are drawn at random, one from each box.

(@) Copy and complete the table below to showia#t rqually likely outcomes.

3,9
3,10
3,10

2

Let Sbe the sum of the numbers on the two cards.

(b)  Write down all the possible values®f
)

(c) Find the probability of each value &f
2

(d) Find the expected value 8f
©)



10.

(e) Anna plays a game where she wins $5®isfeven and loses $303fis odd.
Anna plays the game 36 times. Find the amount gheces to have at the end of the 36
games.

©)
(Total 12 marks)

In any given season, a soccer team plays 65 #eofgames at home.
When the team plays at home, they win 83 % of tijines.
When they play away from home, they win 26 % ofrtgames.

The team plays one game.

(@) Find the probability that the team wins the gam
(4)

(b) If the team does not win the game, find thebptility that the game was played at home.

(4)
(Total 8 marks)

Let X be normally distributed with mean 100 cm and séaddieviation 5 cm.

(@) Onthe diagram below, shade the region reptiegeA(X > 105).

2

(b)  Given that PX <d) = P(X > 105), find the value af.
2

(c) Given that PX > 105) = 0.16 (correct to two significant figurend Pd < X < 105).

)
(Total 6 marks)



11.

12.

In a class of 100 boys, 55 boys play football @adboys play rugby. Each boy must play at
least one sport from football and rugby.

(@ () Find the number of boys who play both sport

(i)  Write down the number of boys who play onhghy.
©)

(b)  One boy is selected at random.
()  Find the probability that he plays only one gpo
(i)  Given that the boy selected plays only onergdind the probability that he plays

rugby.
4)

Let A be the event that a boy plays football &de the event that a boy plays rugby.

(c) Explain whyA andB arenot mutually exclusive.
2

(d) Show that\ andB arenot independent.

)
(Total 12 marks)

A four-sided die has three blue faces and one red face. The dided.
Let B be the event a blue face lands down, Rt the event a red face lands down.
(@  Write down

i P®);

(i P®.
)



(b)  If the blue face lands down, the die is nokxhgain. If the red face lands down, the die is
rolled once again. This is represented by theviafig tree diagram, wheig s, t are
probabilities.

Find the value op, of s and oft.
2

Guiseppi plays a game where he rolls the dieblfia face lands down, he scores 2 and is
finished. If the red face lands down, he scoresdlralls one more time. L&t be the total score
obtained.

(c) () Showthat PX=23)= 1_36

(i) Find P X = 2).
©)

(d) () Construct a probability distribution talfte X.

(i)  Calculate the expected valueXf
©)

(e) If the total score is 3, Guiseppi wins $10thk total score is 2, Guiseppi gets nothing.

Guiseppi plays the game twice. Find the probabiligt he wins exactly $10.
(4)
(Total 16 marks)



13.

14.

There are 20 students in a classroom. Each stptgrg only one sport. The table below gives
their sport and gender.

Football Tennis Hockey
Female 5 3 3
Male 4 2 3

(@) One student is selected at random.
(i)  Calculate the probability that the student imale or is a tennis player.

(i)  Given that the student selected is female;uate the probability that the student
does not play football.
(4)

(b) Two students are selected at random. Calcthiatprobability that neither student plays
football.
3)
(Total 7 marks)

The following table shows the probability distrilon of a discrete random variabfe

X -1 0 2 3

P (X=x) 0.2 10K2 0.4 3k

(@) Find the value df.
(4)

(b)  Find the expected value Xf
©)
(Total 7 marks)



15.

16.

Paula goes to work three days a week. On anytdayprobability that she goes on a red bus is

1

Z.

(@) Write down the expected number of times thatl#goes to work on a red bus in one
week.

)
In one week, find the probability that she goestok on a red bus

(b)  on exactly two days;
2

(c) on atleast one day.

©)
(Total 7 marks)

Let A andB be independent events, wherdP£ 0.6 and Fg) = X.

(&) Write down an expression forA() B).
(1)

(b) Giventhat PA O B) =0.8,
@  find x;

(i) find P(A N B).
4

(c) Hence, explain whyA andB arenot mutually exclusive.
(1)
(Total 6 marks)



17. Two standard gisided dice are tossed. A diagram representingahgle space is shown below.

Score on second die
1 2 3 4 5 6

Score on first die

o 01 B~ W N P
°
°
°
°
°
°

Let X be the sum of the scores on the two dice.

(@ Find
i) PX=6)
(i) P(X>6);

(i) P(X=7|X>5).
(6)

(b) Elena plays a game where she tosses two dice.

If the sum is 6, she wins 3 points.
If the sum is greater than 6, she wins 1 point.
If the sum is less than 6, sluses k points.

Find the value ok for which Elena’s expected number of points is zero

(7)
(Total 13 marks)

18. A random variabl& is distributed normally with a mean of 100 andaaiance of 100.

(@) Find the value oX that is 1.12 standard deviaticetsove the mean.
4)



10.

20.

(b)  Find the value oX that is 1.12 standard deviatidndow the mean.

)
(Total 6 marks)

In a game a player rolls a biased four-faced ™ probability of each possible score is shown
below.

Score 1 2 3 4
Probabilit 1 Z i
robability 5 5 10 X

(@) Find the value of.
(2)

(b) Find EX).
©)

(c) Thedieis rolled twice. Find the probabilitiyabtaining two scores of 3.

2
(Total 7 marks)

The heights of trees in a forest are normallyritisted with mean height 17 metres. One tree is
selected at random. The probability that a selaresdhas a height greater than 24 metres is
0.06.

(@) Find the probability that the tree selecteddagight less than 24 metres.
(2

(b)  The probability that the tree has a height teasD metres is 0.06.
Find the value oD.
©)



(c) A woodcutter randomly selects 200 trees. Hiedexpected number of trees whose height
lies between 17 metres and 24 metres.

(4)
(Total 9 marks)

The probability of obtaining heads on a biased is)i% :

(@) Sammy tosses the coin three times. Find thegtibity of getting
(i) three heads;

(i)  two heads and one tail.
()

(b)  Amir plays a game in which he tosses the cgitirbes.
()  Find the expected number of heads.

(i)  Amir wins $ 10 for each head obtained, anc$ 6 for each tail.
Find his expected winnings.

(5)
(Total 10 marks)

Consider the events andB, where PA) = % P®) =% and PAO B) = Z

8
(@)  Write down PB).
(b) Find PA n B).

(c) Find PA|B).
(Total 6 marks)



23.

24.

The eye colour of 97 students is recorded in tiaetdoelow.

Brown Blue Green
Male 21 16 9
Female 19 19 13

One student is selected at random.
(@) Write down the probability that the studenaimale.

(b)  Write down the probability that the student lgasen eyes, given that the student is a
female.

(c) Find the probability that the student has gregss or is male.
(Total 6 marks)

The Venn diagram below shows information about di2dents in a school. Of these, 40 study
Chinese C), 35 study Japanesd,(and 30 study SpanisB)(

A student is chosen at random from the group. Biedorobability that the student

(@) studies exactly two of these languages;
D

(b)  studies only Japanese;
)

(c) does not study any of these languages.

©)
(Total 6 marks)



25. A bag contains four apples)(and six banana$j. A fruit is taken from the bag and eaten. Then
a second fruit is taken and eaten.

(@) Complete the tree diagram below by writing jafaibities in the spaces provided.

A

(©)
(b)  Find the probability that one of each typeroitfwas eaten.

©)
(Total 6 marks)

26. A discrete random variable X has a probabilityréisition as shown in the table below.

X 0 1 2 3

PX=X) 0.1 a 0.3 b

(@) Find the value dd + b.
(2)

(b)  Given that EX) =1.5, find the value ai and ofb.
(4)
(Total 6 marks)



27.

28.

29.

Let A andB be independent events such tha&)P{ 0.3 and Ff) = 0.8.
(@) Find PA n B).
(b) Find PA [7B).

(c) AreA andB mutually exclusive? Justify your answer.
(Total 6 marks)

The probability distribution of the discrete randweariableX is given by the following table.

X 1 2 3 4 5

P(X = x) 0.4 p 0.2 0.07 0.02

(@) Find the value gb.

(b) Calculate the expected valueXof
(Total 6 marks)

In a class, 40 students take chemistry only, B8 pdysics only, 20 take both chemistry and
physics, and 60 take neither.

(@) Find the probability that a student takes ptg/given that the student takes chemistry.

(b)  Find the probability that a student takes ptg/giiven that the student doest take
chemistry.

(c) State whether the events “taking chemistry” @a#ling physics” are mutually exclusive,

independent, or neither. Justify your answer.
(Total 6 marks)



30. Three students, Kim, Ching Li and Jonathan eagk hgpack of cards, from which they select a
card at random. Each card has a 0, 3, 4, or 9egirion it.

(@)

(b)

(©)

Kim states that the probability distributiom feer pack of cards is as follows.

X 0 3 4 9

P(X = ) 0.3 0.45 0.2 0.35

Explain why Kim is incorrect.
2

Ching Li correctly states that the probabitigtribution for her pack of cards is as
follows.

X 0

P(X =x) 0.4 k 2k 0.3

Find the value ok.
()

Jonathan correctly states that the probaldigyribution for his pack of cards is given by

PX=x) = X—+1 One card is drawn at random from his pack.
20

(i)  Calculate the probability that the number oe ¢lard drawn is O.

(i)  Calculate the probability that the number be tard drawn is greater than O.

(4)
(Total 8 marks)



31

32.

A game is played, where a die is tossed and alensekected from a bag.

Bag M contains 3 red marbleR)(and 2 green marble&).

Bag N contains 2 red marbles and 8 green marbles.

A fair six-sided die is tossed. If a 3 or 5 appeaarshe die, bag M is selectéd)(
If any other number appears, bag N is seled®d (

A single marble is then drawn at random from tHecsed bag.

(@) Copy andcomplete the probability tree diagram gtour answer sheet.

E— R

M

(©)
(b) ()  Write down the probability that bag M idessted and a green marble drawn from it.
(i)  Find the probability that a green marble iswn from either bag.

(i)  Given that the marble is green, calculate phebability that it came from Bag M.
()

() A player wins $2 for a red marble and $5 fgreen marble. What are his expected
winnings?

(4)
(Total 14 marks)

Eventsk andF are independent, with B = % and PEn F) = % Calculate

(@ PE);

(b) PEOF).
(Total 6 marks)



33.

Two fair four-sided dice, one red and one green, are throwne&a die, the faces are labelled
1, 2, 3, 4. The score for each die is the numbéchwiands face down.

(@) Write down
(i) the sample space;

(i)  the probability that two scores of 4 are ohtal.
4)

Let X be the number of 4s that land face down.

(b)  Copy and complete the following probability distributifor X.

X 0 1 2
PX=X)

3)

(c) Find EK).

©)
(Total 10 marks)



Bag A contains 2 red balls and 3 green balls. Bals are chosen at random from the bag
without replacement. LeX denote the number of red balls chosen. The faligwable shows the
probability distribution forX

X 0 1 2

3 6 1

P(X = > 2 =
X=X 10 10 10

(@) Calculate EX), the mean number of red balls chosen.

3)

Bag B contains 4 red balls and 2 green balls. Balts are chosen at random from bag B.

(b) ()

(ii)

Draw a tree diagram to represent the aliafeemation, including the probability of
each event.

Hence find the probability distribution fof, whereY is the number of red balls

chosen.
(8)

A standard die with six faces is rolled. If a 160is obtained, two balls are chosen from bag A,
otherwise two balls are chosen from bag B.

(c) Calculate the probability that two red balle ahosen.

(5)

(d) Given that two red balls are obtained, find¢baditional probability that a 1 or 6 was
rolled on the die.

©)
(Total 19 marks)



35. Two unbiased 6-sided dice are rolled, a red odesallack one. LeE andF be the events
E : the same number appears on both dice;
F : the sum of the numbers is 10.
Find
(@ PE)
(b) PE);
() PEOF).

Working:

Answers:

(Total 6 marks)



36. The table below shows the subjects studied bystldents at a college.

(@)

(b)

(©

Year 1 Year 2 Totals
History 50 35 85
Science 15 30 45
Art 45 35 80
Totals 110 100 210

A student from the college is selected at rando
Let A be the event the student studies Art.
Let B be the event the student is in Year 2.

(i)  Find P(A).
(i)  Find the probability that the student is a Y@aArt student.

(i)  Are the eventA andB independent? Justify your answer.
(6)

Given that a History student is selected atoam calculate the probability that the

student is in Year 1.
2

Two students are selected at random from thegeo Calculate the probability that one
student is in Year 1, and the other in Year 2.
(4)
(Total 12 marks)



37. Aclass contains 13 girls and 11 boys. The teacmtomly selects four students. Determine the

probability that all four students selected arésgir

Working:

(Total 6 marks)

38. The event#\ andB are independent such thaBpPE 3P@A) and PACB) = 0.68. Find FB&)

Working:

(Total 6 marks)



39. The following probabilities were found for two eveR andS.
1 4 1
PR ==,PSIR=—=,PS|IR)==.
R 3 SIR) z SIR) 2

(@) Copy andcomplete the tree diagram.

5

(b)  Find the following probabilities.

i) PRnNS.
@i P(©S.
(i) P(R|9.

3)

(7)
(Total 10 marks)



40.

41.

Let A andB be events such that®(= % P@B) = % and PA [ B) :%.

(@) Calculate X n B).

(b) Calculate PX|B).

(c) Arethe eventé andB independent? Give a reason for your answer.

Working:

(Total 6 marks)

Dumisani is a student at IB World College.

The probability that he will be woken by his alachock is g
If he is woken by his alarm clock the probabilig\will be late for school i%.

If he is not woken by his alarm clock the probayitie will be late for school i%

Let W be the event “Dumisani is woken by his alarm clock
Let L be the event “Dumisani is late for school”.



(@)

(b)

(©)

Copy and complete the tree diagram below.

L
W

L!

L
w

L!

(4)

Calculate the probability that Dumisani will lage for school.

©)

Given that Dumisani is late for school whathie probability that he was woken by his
alarm clock?

(4)
(Total 11 marks)



42. The following diagram shows a circle divided ithoee sectors A, B and C. The angles at the
centre of the circle are 90°, 120° and 150°. Sectoand B are shaded as shown.

The arrow is spun. It cannot land on the linesvbeh the sectors. L&t B, C andS be the events
defined by

Arrow lands in sector A
Arrow lands in sector B
Arrow lands in sector C
Arrow lands in a shaded region.

mwowx



Find

(@ PB);

(b) PS;

© Pals.
Working:

(Total 6 marks)



43. A packet of seeds contains 40% red seeds and éD8wyseeds. The probability that a red seed
grows is 0.9, and that a yellow seed grows isA.8eed is chosen at random from the packet.

(@) Complete the probability tree diagram below.

Grows
0.9

0.4 Red

Does not grow
Grows

Yellow

Does not grow

©)

(b) () Calculate the probability that the choseadsis red and grows.
(i)  Calculate the probability that the chosen sgemivs.
(i)  Given that the seed grows, calculate the phility that it is red.

(7)
(Total 10 marks)



44, Consider eventa, B suchthat PA) #0, P @) # 1, P (B)2 0, and P (B¥ 1.
In each of the situations (a), (b), (c) belowetahetherA andB are
mutually exclusive (M);
independent (1);
neither (N).
(@) P(AB)=P(A)
(b) P(ANnB)=0

(c) P(An B)=P@A)

Working:

Answers:

(Total 6 marks)



45.

In a school of 88 boys, 32 study economics (E)st28y history (H) and 39 do not study either
subject. This information is represented in thefaihg Venn diagram.

(@)

(b)

()

U (88)

E (32) H (28)

39

Calculate the values b, c.
(4)

A student is selected at random.
(i)  Calculate the probability that he studimEth economics and history.
(i)  Given that he studies economics, calculatepttmdability that he doasot study

history.
©)

A group of three students is selected at ranilom the school.
(i)  Calculate the probability that none of theselshts studies economics.
(i)  Calculate the probability that at least ondla#se students studies economics.

(5)
(Total 12 marks)



46. A painter has 12 tins of paint. Seven tins arearadifive tins are yellow. Two tins are chosen at
random. Calculate the probability that both tins ie same colour.

Working:

(Total 6 marks)

47. A box contains 22 red apples and 3 green applegeTlapples are selected at random, one after
the other, without replacement.

(@) The first two apples are green. What is thdabdity that the third apple is red?

(b)  What is the probability that exactly two of ttheee apples are red?

Working:

Answers.

(Total 6 marks)



49.

Two fair dice are thrown and the number showingach is noted. The sum of these two

numbers isS. Find the probability that

(@) Sislessthan 8;
(b) atleast one die shows a 3;

(c) atleast one die shows a 3, given Bt less than 8.

For event#\ andB, the probabilities are RA| = 1% ,P@B) = 4

Calculate the value of A(n B) if
(@ PAOB)=_,
11

(b) eventsA andB are independent.

11

2

2

)
(Total 7 marks)

Working:

Answers:

(Total 6 marks)



A bag contains 10 red balls, 10 green balls anthiée balls. Two balls are drawn at random

50.
from the bag without replacement. What is the pbdlha that they are of different colours?
Working:
Answer:
(Total 4 marks)
51. The table below represents the weigkisjn grams, of 80 packets of roasted

peanuts.
Weight () | 80 <W<85 | 85<W<90 | 90 <W< 95 | 95 <W< 100 |100 <W< 105[105 <W< 110{110 <W< 115
Number of 5 10 15 26 13 7 4
packets

Use the midpoint of each interval to find arneste for the standard deviation of the

3)

(@)

weights.
(b) Copy and complete the following cumulative fregcy table for the above data.
Weight W) W<85 | W90 | W<95 | W< 100 W< 105 W<110 W< 115
Number of 5 15 80
packets

D



(c) A cumulative frequency graph of the distribatie shown below, with a scale 2 cm for 10

packets on the vertical axis and 2 cm for 5 gramthe horizontal axis.

A

80

70

60

50

Number /

of /

packets

40

30

20

80 85 90 95 100
Weight (grams)

Use the graph to estimate
()  the median;
(i)  the upper quartile (that is, the third quagtil

Give your answers to the nearest gram.

105

110

115

4



(d)

(€)

Leth, W2, WBObe the individual weights of the packets, andMetbe their mean.

What is the value of the sum

(W, — W) + (W, — W) + (W, — W)+ (Wag — W) + (Way — W)?
(2

One of the 80 packets is selected at randowenGhat its weight satisfies

85 <W < 110, find the probability that its weight is greatean 100 grams.
(4)
(Total 14 marks)



52.  The following Venn diagram shows the universall$eind the setd andB.

(@) Shade the area in the diagram which repretiemtset8 n A'.
n(U) = 100,n(A) = 30,n(B) = 50,n(A [ B) = 65.
(b) Findn(B n A).

(c) Anelement is selected at random friomWhat is the probability that this element is
inBn A"?

Working:

(Total 4 marks)



53. The event® andC are dependent, whegzis the event “a student takes Chemistry”, Brid the

event “a student takes Biology”. It is known that
PC)=0.4,PB|C)=0.6,PB|C) =0.5.

(@) Complete the following tree diagram.

Chemistry Biology
- B
0.4 c <
- B’
—_— B
_ C <
[ B

(b)  Calculate the probability that a student taRiedogy.

(c) Given that a student takes Biology, what isgrabability that the student takes

Chemistry?

Working:

Answers.

(Total 4 marks)



54.

In a survey of 200 people, 90 of whom were femaleas found that 60 people were

unemployed, including 20 males.

(@) Using this information, complete the table lelo

Males Females Totals
Unemployed
Employed
Totals 200

(b) If a person is selected at random from thisigrof 200, find the probability that this

person is

()  an unemployed female;

(i) a male, given that the person is employed.

Working:

(Total 4 marks)



55. In a survey, 100 students were asked “do you ptefevatch television or play sport?” Of the 46

boys in the survey, 33 said they would choose spdrite 29 girls made this choice.

Boys Girls Total
Television
Sport 33 29
Total 46 100

By completing this table or otherwise, find thelpability that

(a) a student selected at random prefers to waetetigion;

(b) a student prefers to watch television, givet the student is a boy.

Working:

Answers.

(Total 4 marks)



56.

Two ordinary, 6-sided dice are rolled and theltstare is noted.

(@) Complete the tree diagram by entering proliadsiiand listing outcomes.

Outcomes

not 6

(b)  Find the probability of getting one or moreesix

Working:

(Total 4 marks)



57.  The following Venn diagram shows a sample sphesd event#\ andB.

n(U) = 36,n(A) = 11,n(B) = 6 andn(A 0 B)' = 21.
(@)  On the diagram, shade the regiariB).
(b)  Find

@ n(AnB);

(i) P(An B).

(c) Explain why eventé andB are not mutually exclusive.

Working:

(Total 4 marks)



58.

59.

A box contains 35 red discs and 5 black discsis@ id selected at random and its colour noted.
The disc is then replaced in the box.

(@) In eight such selections, what is the probgttitiat a black disc is selected

(i) exactly once?
(©)

(i) atleast once?
(©)

(b) The process of selecting and replacing is edrmout 400 times.
What is the expected number of black discs thatldvbe drawn?

)
(Total 8 marks)

For the eventé andB, p(A) = 0.6,p(B) = 0.8 antp(A I B) = 1.
Find
(@ p(AnB);

(b) pCADOCB).

Working:

Answers.

(Total 4 marks)



