R Discrete random variables

ROBINSON Worked solutions

This topic online

n The discrete random variable X has the probability distribution
X 1 2 3 4
PX=x) | 015 | 03 | k | 0.2

a. Find the value of k.
b. Find P(X > 2).
c. Find P(1 < X < 4). (3 marks)
m) Probabilities add vp tol
OIT + 03+ +0.2 = |
O4LS +k = |

k = 0.395

k = 0.35

b) X > 2 means K =2, 3 0r 4
P(K22) = 03+0.35 t0.2
P(K>2) = 0.95

0.%5

o)l<X<'+me.o.nsX=zor3
Ple X <y) = 0.3+0.35
Ple X <4) = 04S

0.65
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n A fair spinner has eight equal sections numbered 1 to 8. The random variable X is the number the
spinner lands on.

a. Write down the probability distribution of X.
b. Find P(X > 5).

c. Find the probability that X is a prime number. (3 marks)

o) Fair, ® eiumt sections, so each value is 2.1'00.(.(.:) L&kctj
.z=l,?.,3,'4,5',6,7,8

each with probmbiL;tJ %

P(X=x)=&,x=\,z,...,8

) A ?S means K =¢,70r®

P(K>s) = \

Ix —

(KL>s) = 3
8

3

%

) Primes From) to®:2,3,5,7

Plorime) = o !

P(pr:.mz) = i=
Y

|
2

|
2
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n The discrete random variable X has probability function
PX=x)=kx forx=1,273475
where k is a constant.
a. Find the value of k.
b. Find P(X = 4).

c. Find P(X < 2). (4 marks)

o) Write out each probo.bi(.itd
x=1,2,3,4,5

probabilities k, 2k, 3k, Yk, Sk
Probabilities add vp to

Wt 2Zhe + 3 + 4l £+ Sk =\
Sk, =\
k= !

\S
\
R= —
19

b)

(K =) =l

(K =u)= 2

\9

I-‘.

\S
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n The discrete random variable X has the probability distribution

b 0 1 2 3 4

PX=x) | 01 | a | 025 | b | 0.15

where a and b are constants. Given that P(X < 1) = P(X > 3)
a. find the value of a and the value of b

b. find P(1 < X < 4). (5 marks)

o.) Probabilities add up o\

Ol+a +0.25 +b+0.S

otb = O.5
Use P(X £1) = P(X = 3)

Odlta = b+ 0O.\S
a-b = 0.05
Add £he two eiu«tions

20. = 0O.SS

o = 0.2795
Substitute intoa +t b = 0.5

b = 0.5-0.275
b = 0.225

a = 0.275,b = 0.225

L)I&€ X <Y means K=1,20r3

PE K <4) = 0.275 + 0.5 + 0.225
P(Le K<y) = 0.75

0.7S
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a The discrete random variable X takes the values 1, 2, 3, 4 and 5 only. Its cumulative distribution
function F(x) = P(X < x) is given in the table.

X 1 2 3 4 5

Fx) | 02 | 045 | 0.7 | 09 | 1

a. Find P(X = 3).
b. Find the probability distribution of X.

c. Find P(X > 2). (5 marks)

o) F(3) - F(2) Leaves oal yx=3
P(X =3) =F(3)-F(2)
P(K =3) =0.7-0MS
P(X =3) =0.25

0.25

b) Each probabelit Yoo a jump ia F
P(K=\)=F(\) =02

P(K =2) =045 -0.2 =025
(X =3)=0.7-045 =025
P(K=4)=09-07=02
P(K=s)=1-09=0.

0.2, 0.25, 0.25, 0.2, O.|

¢) Use the complement

P(K>2) = \-P(K &2)
(K >2) = \-F(2)
P(K>2) = 1-045 =055

O.9S
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n The discrete random variable X has probability function
PX=x)=k(x*+1) forx=0,1,2, 3

a. Show that k = i

18
b. Find P(X > 2).

c. Two independent observations X; and X, are taken of X. Find P(X; + X, = 3). (6 marks)

o) Find cach probo.b:.(.;.td

P(K=0)=w(0o+)) =k
P(K=1)=w(1+1) = 21
P(K=2)=k(4+1) =Sk

P(K=3)=w(1+1) =10k
Probobilities add vp to\

R+ 2k + Sk + 10k = |

Rk = |
k= |
19
|
W= — as required
1Y "
b) X 22 means K=20r3
P(AX 22) = Sk 10k
(X 32) = IS
R

P(K22) = S
¢

S

(4
c) List the pocrs that add to ?

(o0,3) (3, 0)0,2)(2,1)

TLadependent, so mu(.k:.p(.:)

(13 \8 324
P(,2) = 2 S _ 10

. 18 3214

Each pocf can happen ecther "“"J round
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P(K1 + K2=3)=2x O 4ax ©

d24 LYR

P(K1+K2=3)= —
324

P(X1+X2=3)=\8—Ol

\O
l

A bag contains 3 red counters and 2 blue counters. Ravi takes two counters at random from the bag
without replacement. The random variable R is the number of red counters he takes.

a. Find the probability distribution of R.
b. Find P(R < 1). (5 marks)
o) R conbe O,\or 2
R = O: blue then blue
(R = O) = i x l =

S 4 20 10
R =2:red then red

(’(‘L=2.)=ixi ¢ >

S <+ 20 \O
R =\ red then blue, or blue then red

P(ﬁ=\)=ixi+ixl
S 4 s 4

p(ﬂ=l)=i+i=£—i
20 20 20 S

Check l+i+i=|

[o] 10 10

pR=0)= L, pR=D=2 p(R=2)=2

\ S \O

bR £ imeans R =0orl

p(ﬂ$|)= ' +‘

\© 10
P(R&)) = 1
10
-
\o
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n Two fair four-sided dice, each numbered 1 to 4, are rolled. The random variable S is the larger of the

two scores (if the scores are equal, S is that score).
2
a. Explain why P(§ < s) = 15_6 fors=1,23,4

25= 1 ¢or5=1,23,4

b. Hence show that P(S = s) = e

c. Find P(S > 3). (6 marks)

m) The (.M‘sbr score ¢s ot most o onLJ LF both scores are ot most o

Plone die & s) = S
(1
The dice are tndependent, so Mu(.ttp(.v

P(S&s) = > .5
TR

s?.

\é

2

P(S&s)=s—
16

P(S&s)

b)Use.P(S=s)=?(5$s)-?($és-\)
2 -\ )2
P(5=s)=s _(S \)

\é \¢
oS =s) = o2 =(s2=2¢41)
14
P(S=5)=£
14
P(5=s)=2sl—6-las requcred
)SS3means S=30r
p(5=3)=2x—3-|=i
I3 \é
2 X4 =\ T
P(S=1)=— = __
( ) \¢ 14
(S23) = S . 7
4 \é
P(S23) = 2 _ 3
14 o
2
Y

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 8 of 13



n The discrete random variable X has probability function
PX=x)=kx forx=123
PX=x)=k(7-x) forx=4,56
where k is a constant.
a. Find the value of k.
b. Find P(2 < X < 5).

c. Find the probability that X is even. (5 marks)

o) Use the rcaht rule For each value
x=1,2,3,4,5,¢

probabilities k, 2k, 3k, dk, 2k, k
Probobelities add up to

R+2k t3kk + 3 t 2kt =\

2k = \

Kk = |

12
|
= —
\2

b)2< K& Smeans K =3, 40r S

P(2 €« X &S) = Bk +3k +2k

P24 Kes) = ¢, = 2
\2
P(2eXKes) = 2
3
2
3

¢) Even values: 2,4, ¢
P(K even) = 2k + 3 t &

P()( Q.VC.A) = L= i
(VR

P(K even)

|
2

\
2
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m In a game, Megan rolls a fair six-sided die until she gets a six, but she stops after 3 rolls even if she
has not got a six. The random variable X is the number of times she rolls the die.

a. Find the probability distribution of X.
b. Find P(X > 2).

c. Megan and Tomasz each play the game once, independently. Find the probability that they roll
the die the same number of times. (6 marks)

m) K =1 sex on the oct.rs‘k roll
P(K=1)= —

K =2 not a s, Ehen o sex

(K = z)-s ]

6 ¢ %
K =3 two non-scxes, thea she stops whatever happens
P(X:S):ixi:ﬁ
¢ ¢ 3¢
Check: i + > +2._S___
U 3¢ 3¢
15
P =1) = l Pk =2)= 2, p(Kk=3)="2
36 3¢
b) Use £he complement
P(K22) = - P( K=1)
P(K22) =, 1 _ 53
6 ¢
S
¢
o) 60€k I, both 2 or both 3 (u\&&pu\&.zﬁt %0 muLt;pLJ)
Plsame) = () )z *( )z +( )z
29¢ 2% 1296
P(samz) = 486
129¢
p(smme.) = 343
UL
w
3% (o529 to3s.p)
648
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m The random variable X has a discrete uniform distribution over the integers 1, 2, 3, ..., n.
Given that P(X < 6) = 04
a. find the value of n

b. find P4 < X < 11)
c. find the probability that two independent values of X are both greater than 12. (6 marks)

m) Eoch value has probabiti‘kj i
A

p(X&C) = 6

N
i=0.‘+
n
"= &
O.=
n =09

n=I9

b)4<K<umeans K =5,¢,7,%,9,\0

(e« K<) = ¢ % !

19
PlecKen) = 6 _ 2
s s
2
s

) X > 12 means X =13, 14, IS

P(K>w) = 3 _ 1V
IS S
Tadependent, so muLt:.p(.J

Plooth > 12) = L 1
s S
P(both >12) =
1S
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m The discrete random variable X has probability function

PX=x=— forx=1,273,6

a. Show that k = %

b. Find P(X > 1).

c. Two independent observations Xy and X, are taken of X. Find P(X{X, = 6).

d. A single value g of X is taken and used in the equation 2+ gt + 4 = 0. Find the probability that
this equation has real roots. (8 marks)

«) Probabilitics add vp ol
k R R =
LS L L
| R 3 é

Common denominator ¢

G + 3k + 2k t
é

"
-

12k

¢
YR 1

(X

M-

|
k= — as ruLuire.d.
2

b) Write out the distribution

P(X=\)=%

P(K =

>
\ g
[}

(K =3)

pl=ol- g|-

P(K =¢)

(K > )
P(K > 1)

1-P(X =1)

M-

M-

2
¢) Pairs with product 6

O, 6) (¢, 1) (2,3) (3, 2)
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Pe) = M oV )
2 12 24
P(2,3) = ' \_ |

¢ 2u
Each po-ir can happen ecther wa.y round

P(K1k2=¢) =2 % ! +2x !
24 y)

P(hiXze=¢)= & =1
2% (4

|
(4
d) Real rooks: discriminankt = O

b =Yac 20

32 -4 XIRXY S0
31>,I6

9 is posckive, 509 B 4
OI\LJ 9 = & works

P(real rooks) = Pk =¢)= !
12

12
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