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Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 1

Question:

Give reasons why the following are not valid probability density functions.

1
—x, -12x=2
a fin=14" i

0, otherwise.
2 1=zzx=3,
b fix)=

(©-2), -1=xx3,
¢ fix=

0, otherwisze.

0, otherwize

Solution:

a There are negative values for fix) when x < 0 g0 this 1z not a probability
density function.

f(x)4
04a

'l

I:l T T T T T 1
0 1 2

L
=
(]

Mo negative walues of fix)

=3 4
Area= I_1 xdx

= 8% not equal to 1 therefore it iz not a walid probability density

function.

¢ There are negative values for f{x) so this 1z not a probability density

function.
fix) 30
20
10
T £ T T
-2 -10 2 4
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Exercise A, Question 2

Question:

For what value of & iz the following a valid probability density function?
k(1-x%, —4=x=-2,
fix)=

0, otherwise

Solution:

50
—Tkz 1

3
ki
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Exercise A, Question 3

Question:

sleetch the following probability density functions.
l(x— 2, 2=x =6,

a fi{x)=48
0, otherwise.

[ 2
—i{5-x), 1=x=4,
15( )

b f(x)=5
0, otherwise.
Solution:
F |
tx) 0B
0.4
0.2
1 1 3 5 7
b
tix
¢ :IEI.E
0.4
0.2
I:I T T T T T 1
0 1 2 3 4 g
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Question:

Find the walue of &£ so that each of the following are wvalid probability density
functions.

kx, l=x=3,
a f(x=

0, otherwise.

kx*, D=2x=3,
b GEix)s .
0 otherwize.
(14 2%, —1=x=2,
e shlml= _
0, othetrwize.

Solution:
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fmw=1

.

2
| K1+t dr=1

2
lmﬁ} -
31
Sk i
D e s By
{ 33' ( 3]'
4k 4k
s A
3 )
4k a4k
i L
3 '3
Bhi=i
1
k=g
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Exercise A, Question 5

Question:

The continuous random variable X has probability density function given by

kd-x), 0=x=2
fix)= .
0, otherwize.
a Find the walue of L.
b Sketch the probability density function for all walues of x.

Solution:
a
-2
|IJ Ed—x1dx=1
2
{493:{—%} =1
2 0
Bk -2k=1
6k =1
=1
B
b
0.8
0.6
0.4
0.2
I:I T T T
1] 1 2
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Exercise A, Question 6

Question:

The continuous random variable X has probability density function given by
ki(2-x), 0=zx=2,
fix)= .
0, othetrwise
Find the walue of &

Solution:

] q
| et 27 dr=1

[z,ﬁf mT
_AEE | gy
34|
[E_E]_[jzl
3 4
16k
il
12
TR
3
ﬂ:—zorﬂ.?5

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 7

Question:

The continucus random variable X has probability density function given by

e, 1=x=4,
fix)=

0, otherwize.
Find the value of k.

Solution:

-4 3
Ilﬁ::r dr=1
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Question:

The continuous random variable X haz probability density function given by

&, Dex=<2,
fxy=gki(2x-3), 2=x=3,
0, othetrwi se.

a Find the value of L.
b Zketch the probability density function for all walues of x.

Solution:

_[Dgssdﬁ_ijk(zx— Hdr=1
1 K}
[m]3+lﬂ—3h} 2]
2 2

2l +[(9k - ) - (4k— 6B)] =1

2+ 2k=1
1
k—aor 0.25
b
0.8 -
0.6 -
0.4 1
024
I:I T T T
1] 1 2 i
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Exercise B, Question 1

Question:

The continuous random variable X has probability density function given by

3% hars2
flxy=q98° ~~ 77
0, otherwise.
Find Fix).
Solution:
1 DMethod 1: Method 2:
X 2 43)‘,2
Fixi=| —d¢ Fixi=| — dx
@) J0 8 x) J B
el = 3
24 0 :%"‘C
35
= A | Fion=1
2 1(11::"' 1
8% L=
24 G=0
0 x=0
Fix= E D=x=2
24
1 T2
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Exercise B, Question 2

Question:

The continuous random variable X haz probability density function given by

1
—d-x, 1=x=3Z

fixi=34
0, otherwise.
Find F(x).
Solution:
2  DMethod 1: Method 2:
Fey=| Ld—z)de Foo=| Lid4-xldx
J14 S 4
32 ¥ 2
el pmit =x——+
8 1
Fio=
—r(x—xzw—ll—ll 9
4| g 3 3-z+C=1
2 i _?
:x—x——z - g
8 8
0 r=l
2
Fsdrel ol jenes
B 8
1 x> 3
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Exercise B, Question 3

Question:

The continuous random variable X has probability density function given by

x
-, 0= x<3

9
1
Fn)={56-n 3sxs§,

0, otherwise.
Find Fix).
Solution:
MMethod 1: Method 2:
-r?(z = -
() | (x) |3
|2 o o
18 8 18
2 F(0y=0
=X 0+C=0
13
=0
("1 r¥ i1
Fix)=| —(6—¢)dt+ | — dx Fixi=| =(6—-x)dx
J3 B Jo 9 U
x 3
2 £ %
= mT A W + | — ]
552} [x] 2R
( 2 3 18
ey 2R -[z-ﬂj 405 F(6)= 1
s e 18 4-24C=1
_ 2x_x2_1 o= _1
3 18
0 =0
2
;:_8 Dex<3
Fixi= 5 \
SaFa i Bpeb
3 18
1 x=6
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Exercise B, Question 4

Question:

The continuous random variable X has probability density function given by

i, D=x=3,
f(xy=qkiZx-0), 3=x=3
0, othetrwise.

a  Sketch fx)
b Find the value of k.
¢ Find Fix).

Solution:
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a
f(x:l A
5k -
ak
3k
2k
1k - »
T T T T -
| 2 3 4 5 Y
h

[P+ [ r(2x-5)de=1

[m]§+[k(x3—5x)]j =1

3k+[ k(25-25)-k(9-15)]=1
9k =1
1
K50
¢ Dethod 1 Method 2
ledﬁ: |:lgi| Ildx=1x+c
b9 g
1 F(0) =0
= —x
9 e
¥ | 15 " g 1 ol 5
L_(zc—ﬁjdH u—dxz[g(z —5:)1 +{_l IE[Zx—ﬁjdx_E[x SSEIEE
F(51=1
1
=|:l(x2_5x)_l|i9_15]|i|+|:zi| S(25-29)+C=1
9 9 9 =
:lx2—2x+]
8" 9
0 =0
g O x<3
Fix)=+
ey 3upes
g 9
1 x=5
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Exercise B, Question 5

Question:

The continucus randoem variable X has cumulative distribution function given by
0, x= 2,

1
Fix = g(xf*—at), 2Exed,

1, xF3
Find the probability density function, fx).

Solution:
d 2x
Ry O
& =g
E 2 =2x =73
fixi= 9 5
0 otherw ze

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2

Edexcel AS and A Level Modular Mathematics
Exercise B, Question 6

Question:

The continuous random variable X has cumulative distribution function given by
0, x=1,
1
Fix= E(x—lj, l=x=73,

1, x=3
a Find P{X =2.5).
b Find P(YX =150
¢ Find F{l5=X<225).

Solution:

a PX=235=F25
Ny A
= 2(25-1)
=075
b P(X>15) =1-F(1.5)
e e
=1- (L5-1)
=075
¢ P(152X=25=F25-F15
=075-0.25
=05
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Exercise B, Question 7

Question:

The continuous random variable X has probability density function given by

flx)=9 8

0, otherwise.

D=x=2,

a Find the cumulative distribution function of X

b Find P(X<1).

Solution:

a Method 1: Method 2:
& 2
F(X) = L F(X) = de
5 B 2
i 3
| =2+
2 ]
. " F(2)=
= a
C=0
0 x<l
Fix= g D=x <2
1 Xz 2
b Px=1)=F(l)=,
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Exercise B, Question 8

Question:

The continucus randoem variable X has cumulative distribution function given by

0, x=1,
1
Fix = E(x3—2x2+x), 12x22,

jid =

a Find the probability density function fix).
b Sketch the probability density function.
¢ Find P{&¥ =1.5).

Solution:
i |
d 3’ 1
EF(I} = 7_2}'{"'5
3
—x;"—2x+l 1=x=2
fix1= 52
1] otherwise
b

fix)

0O = k2
3

P(X <15 =F(15)
=%|1_53—2><1_52+1_5|
=0.1875
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Exercise B, Question 9
Question:
The continuous random variable X has probability density function given by:

e z{k(él—xg), 0=x<2,

a, otherwise.
a Show that k= i
16

b Find the cumulative distribution function of X

¢ Find P06 < X <070 Give your answer correct to one significant figure.

Solution:
.l 2
a \In Eld-x"idx=1
3 3
;{clx—x_] =
3 li]

-9

16,
3
_ 3
t=g5
b Method 1: Method 2:
% C 3
Fx)= | oe(4-2 | de Fxy= | (4-x" ) dx
+ 0 &
3y T _ 3 2
2[%{4;_%]} =43 e
/ 3 0 Fioy=1
_ 53 _x 3 _8 _
o=0
o] x=0

Fixi= %[4;{—%} D=x <2

1 r=2

¢ P(0.69 < X <0.70) = F(0.70) - F( 0.69)
N 3[2_8_ 0.343] ~ 3[2_?6_ 0.328509]

16 3 16 3
= 0.00659
=0.007 (15.£)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 1

Question:

The continuous random variable X has a probabality density function given by

= 0=x=2,
Fix)=

0,  otherwize
Find
a k&

b EW),
¢ Var(X

Solution:

«2
| k=1
J

=015
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Exercise C, Question 2

Question:

The continuous random variable ¥ has a probability density function given by

2
¥

f)=49"
0, otherwise.

a Find E{I).

b Find Var(¥).

¢ Find the standard deviation of ¥

D=y=3,

Solution:

3
E(Y) =f %dy
1}

:|:£j|3
36 |,
_81 4

3%
=225

ER
Var(¥)= %dy—2.252

1]

g K]
|2 | -2
45 |,
=(E—DJ—5.062S
45

=54-50625
=03375

¢ a=.f03375=0581
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Question:

The continuous random variable I has a probability density function given by

Y 0=y=d,
fwi=498
0,  otherwise.

a Find E(F
b Find YVar(¥).
¢ Find the standard deviation of ¥
d Find FiF =z

Find Var(3r +2)

Find E(¥ +2).

Solution:
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P(¥ 2u) =B(Y >3)
4

hy
=| 24
8)’

[T

16 |a

3
=1-0.4444

=00.556

[N

WVar (3F+21=9 Var( )
:9 4 g

9
=3

E(Y+2)=E(¥Y)+2
=By

3
=4

L] b2
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Exercise C, Question 4

Question:

The continuous random variable X haz a probability density function given by
k(l-x, 0=x=1,
fix)= .
0, otherwize.

Find k.
Find ELY).
1

¢ Show that Var(X) = TR

3]

=2

-,
—

Find P(X > 1),

Solution:
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-1

| Z(1-x) dx=1
21

{M_E} -
2 i}

1, _

k—jk—l

k=2

b
E(X) = jul(zx— 2x% dx

2 3

=i

d
]l
PX > %): | 2(1-xidx
3
=[2x—x2:|11
3
_we e S
=@-1-|3
4

1
7 |

]
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Exercise C, Question 5

Question:

The continucus random variable X has a probability density function given by
12).’2(1— x, 0=x=1,
flx)= _
0, otherwise.
a Find P(X¥ =035).
b Find ECY.

Solution:

~0.5 2 3
PUr=05)= | 122%-122" dx

= [42 -3
3

1A
or 0.3125

Bl

—
=4

il 3 4
Exy = I012x —12x" dx

= [3):4 = ]zxj :|1
5 0

={3-241-10
=D.60r:3_7
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Exercise C, Question 6

Question:

The continucus random variable X has a probability density function given by
§(1+ #), -l<x=l,
Flx)=98
0, otherwise.
a Zketchthep df of X
b Write down ECY).
Show that o® = 0.4
d Find Pi-g< X =a.

Solution:

a

EX) =0 (by symmetry)

C

02=Var(X)
1, 2 4
3 e
_18 3
3% 3x51
= e
24 40 E
. of3 3 33
=04

d
Wi gy
D(—f04 < X c:qfo.4)=J‘ 2
m8 B

{3x 3x3:|l'm
= — 4+ —

CREY -

_ (3 3 33 3 3
—|§>< U_4+ﬂ><| 0.4 |—|§><|— U_4|+ﬁ><|— 047 |

=0.538
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Exercise C, Question 7

Question:

The continuous random variable Thas . d.f given by
R, 0=¢=2,

f)= _
0, otherwise.

where k 18 a positive constant
a Findk

b Show that E(T) 15 1.6,

¢ Find EET+3).

d  Find Var(l),

e Find Var(2T+3).

f Find P({T=1).

Solution:

PhysicsAndMathsTutor.com
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EN=1) —

(5]
20 ),

32
]

=16

E(2T+ 3) = 2E(TH+ 3
=2 x16+3

d
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Exercise C, Question 8

Question:

The continuous random variable X has a probability density function given by
ro2

2 n=x<3,
27
1

fixy= 3 A= x=4h
0, otherwize

a Draw arough sketch of £x).

b Find ECY.

¢ Find Var(X)

d Find the standard dewiation, o, of X

Solution:
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£(x)
0.4 4

0.3 A
0.2
0.1 4

[m 1]
“y

v [ o 24
ulzj ED_[%]
=g (B[

=1.0152

d
o=41.0152= 101
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Exercise C, Question 9

Question:

The continuous random variable A haz a probability density function given by
1

E(x—l), l=x=2,

1
Em)={-6-x), 22125,

a, otherwise.

a  Sketch fix).
b Find E{X).
¢ Find Var(x)

Solution:

|
N
—

+

Lh
E‘HN

I
5| e
e —

|
=£|

6
g
8 [
2
3

2
k3 1 1 s ads 40 1a 2
-zl-lg- '}r[!ﬁ_ﬂl_lﬁ_ﬂ'}_!zﬁl

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics Z

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 10

Question:

Telephone callz arriving at a company are referred immediately by the telephonist to
other people working in the company. The time a call takes, in minutes, 15 modelled
by a continuous random wariable T, havingap d.f givenby

Y, 0=:=10,
fe)= :
0, otherwisze

a Show that L =0003.

b Find E(T.

¢ Find Var(T)

d Find the probability of a call lasting between 7 and 9 minutes.
e Shketchthe p.df

Solution:

PhysicsAndMathsTutor.com
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=10 3
| ke =1

hz LU
|: 3 :|I:I B
1000k

—-0=1
3

1000k =3
k=0.003
b
=10
E(T)= |, 0.00327dz

_[oo03 T’
4

0
a9 o
4
=75

0

=10
Varx) = [ 0.00%*ds =757

5 —lo
={0.003_: } e
& 0

(60—0)—56.25

=395
d
=9
P(7<T<9)=| 0,003 de

_ [0.00333 T
3 T

=0729 0343

= (0.386

] .Sﬁf(-X)

0.3 1
0.25 A
0.2 1
0.15
B F
0.05

L= T

0 o 10
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Exercise D, Question 1

Question:

The continucus randoem variable S has p.d.f given by
i(8+2x—x:"), O=x=4,

f(xy=1980
0, otherwise.

a Sketchthep df of X
b Find the mode of X

Solution:
H |
fix
0.4 )
03
0z
0.1
D T T b, o 1 x
0 2 4 B
; i 4 3 ¥
b Differentiating e (B+Zx—x=0
3 _
ﬁ( a=2x=10
Thizs =0 when (2 - 2x)1=10
x=1

The mode 15 1.
i(Iote: To check this 15 a maximum you could differentiate again
and see if_[' 1z negative for all values of x.)

© Pearson Education Ltd 2C
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Exercise D, Question 2

Question:

The continuous randoem variable S has p.d.f givenby
lx, O=x=4,

f{xy=98
0, otherwize.

a Sketchthe cdf of X
b Find the median of X

Solution:
i |
Method 1 Methaod 2
. F) = [+ d
xﬂ
2 =i
s 315 16
1 Fdy=1  1=1+C
0 x =0
xﬂ
Fixi=¢— D=x=4
16
1 xx>d
fix) 4
| f=memmm—————— :
== 4 -.-.'
mﬂ
h —=05s0m?=8§
16

m =3 =283 or—2.83

MWedian = 2.83 zsince -2 83 iz not in the range.
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Exercise D, Question 3

Question:

The continuous random variable XYhaz . d.f givenby
I 0, x=0

2
—, D= x= 2,
&

2
—?+2x—2, 2Ex=3

F(x)=

1, r=3
a Find the median value of & Give your answer to 3 decimal places.

b Find the quartiles and the inter-quartile range of & Give your answer to 3 decimal
places.

Solution:

a F(w) =05 where a2 15 the median.

Since Fi2) = % the median must lie in the range 0 = x = 2

2

SoFm)= 2 =05

&
e =2
=173 0r =173
Median =173 zsince —1.73 iz not in the range.

b Lower quartile lies in the range 0 = x = 2

2
£ _gops

6
Qr=+15=1.225

Teper quartile lies in the range 2<x = 3
2
—%+ 2, —2=075
—Qf 6, —6=225
—Qf +60; —8.25=10

6443633
-2
=2.134 or 3.87

Q5 =2.134 az 3.87 does not lie in the range

Qs

IR =2.134 - 1.225=030%
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Exercise D, Question 4

Question:

The continucus randaem variable X has p.d.f given by
e 1—%2:, D=x=2,
0, otherwise.
a Sketchthe pdf of X
Write down the mode of X
¢ Findthe c.df of &
d  Find the median value of X

Solution:
a
Fixy
1.5
1
0.5
—_— T T T X
0 (.5 | 1.5 2 2.5
L 0
c
Method 1 Method 2
¥ i =‘ _1_
J. |1—%£|dﬁ=[.ﬁ—%ﬁz:| Erim] g il
v ; P o
_ 1 2 4
Bl i F(2y=1 1=2-14C
=0
0 x =l
Frj={x-zx°  0<x<2
1 rm 2
L
d m——pr =05
]
miodm+2=10
m_4iq16—8
B 2
mo=2—42 or 24+ 2 therefore median=2 — 42 as 2 + 2 is not
in range.
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Exercise D, Question 5

Question:

The continucus random variable ¥ has p.d.f givenby
1 1
———y, 0=y=3
fix)=q2 9 S 4
0, otherwize.

a Zketchthepdf of ¥
b Write down the mode of ¥

¢ Findthecdf of ¥
d Find the median value of ¥

Solution:
a
fiy)
0E
04
0z
_IZLI r y
] 1 2 3 4
b 0
C
Method 1 Method 2
» » " 1
l_Ldé{i_iﬁz} Flry=| 2=y dy
,2 BB - 2 19
1 =Y __yico
=Dy 2 187
el -
F(3i=1 l=5~+C
)
0 y =l
y 1 4
= 0=y<3
by R ¥
1 y=3
4 Bl Lo
2 18
mi—Gm +9=10
m_9i1381—36
- 2
median = 9‘;‘*@= 1.15

© Pearson Education Ltd 2C
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Exercise D, Question 6

Question:

The continuous random variable Yhaz p.d. £ given by
Loss
Fx)={4" "
0, otherwise
a Sketchthe p df of X
b Write down the mode of X

¢ Find the c.d.f of X
d Find the median value of X

D=x=32,

Solution:
|
fix)
1.5
i
0.5
x
[u] 1 2 3
b 2
c
MMethod 1 Method 2
M lpa=[Le] E(o)=| 35
=10 4 16 0 1
_ 4
_ %x“ =X + 7
Fidy=1 1=1+C
O=0
0 x =0
F={pa®  0<x<2
1 =2
d Lwt=05
1a '
mt =8
m= i&ﬂ'@
median = 1.68

© Pearson Education Ltd 2C
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Exercise D, Question 7

Question:

The continucus randoem variable S has p.d.f given by

Eu?+u,-45x5L

fix)=498

0, otherwize.
sketchthe p.df of &
What can you say about the mode of X7
Write down the median value of X

L I — -1}

d Findthe c.df of X

Solution:

fizx)

b bimodal -1 and 1

¢ median=10

i |

MMethod 1

Method 2

P@}J§f+§m

*

P, .
=g +§x+C
Fily=1 :
.
L=y

Fx)=3 =x’ +zx+=

© Pearson Education Ltd 2C
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Exercise D, Question 8

Question:

The continucus randoem variable S has p.d.f given by
3(3x—x2), O=x=2,
flx1=910
0, otherwise.

a Sketchthep df of X
Find the mode of X
¢ Findthecdf of X
d  Show that the median value of X lies between 1.23 and 1.24.

Solution:

PhysicsAndMathsTutor.com
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fix)
05
05
0.4
02

ful

0 1 2

3

b Find maximum by differentiating

d[@ 3 2] 5 4
S e ey S o et
dz %107 10 10 10

g 6

_—_x:

10 10

d F(123) = 2x1.237~ 2125 = 0495

F(l.24)= 2. 1.24° —ll_ux 1.24%= 0,501

Ex

since 005 s in between the median lies between 1.23 and 1.24.

© Pearson Education Ltd 2C
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Method 1 Method 2
¥ 9 3
(Er—izz]d::{izj—iﬁ} F(x)=jﬁx—ﬁx2dx
S0 10 200 10
= ixg—iIE R Exz_lﬁj o
207 10 207 10
F(2) = L
20 10
Fel)
0 x <l
Fix) 2oL N=x=2
20 10 =
1 X2
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Exercise D, Question 9

Question:

The continuous random variable Xhas c.d.f givenby
a, x=1,
Lovg
Fixy= g(x -1y, 1=x=3,

1, xF 3

a Find the p.d.f of the random variable X
b Find the mode of X

¢ Find the median of X

d Find the quartiles of X

Solution:

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics Z

a Differentiating i( x
dx \8

b mode=3

fixd

0.75 1

d

lmz—l=0.5
2 2
lmzzi
3 3
m="-q"5
median= 45
1.4, 1
s ——=10.25
BQl 8
L 3
973
leﬂ“rB
lower gquartile = 3
1., 1
— -——=075
3Q3 8
1_ ., 7
8Q3_8
Q3=\r?

upper quartile = 7

© Pearson Education Ltd 2C
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_%jz_x

fix)=
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1

4

1

-z,

4
a,

1=x =3,

otherwize.

-

Page2 of 2



Heinemann Solutionbank: Statistics z Pagel of 1

Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 10

Question:

The continucus randoem variable XYhas ¢ d.£ given by

0, x=10,
F(x)=<4x -3x*", 0=x=1,
1, x=1.

a Find the p.d.f of the random variable X
b Find the mode of X
¢ Find P(02=X =025,

Solution:
d 4 2 1
a (47 -3 =122" — 122
dx

1222 (1-x), O=z=l,
fx)= .
0, otherwi se.

Imaximuin illlﬂr2 —12x° | = 24x— 362

2x—36x =0
12x (2—-3x) =0
:Jr:=CI-::urgm-::-de=E
3 3

¢ P(0.2<X<05=F0.5-F(02)
= (4%x05 —3x05 (4% 025 —3x0.2%
=02853
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Edexcel AS and A Level Modular Mathematics

Exercise D, Question 11

Question:

The amount of wegetables eaten by a family in a week iz a continuous random

variable Wlkg The continuous random variable Whasz p.d.f given by

Euﬁ(ﬁ—w), 0<x=<5,
Flw)=1 5°
a, otherwise.

a Find the c.df of the random variable

b Find, to 3 decimal places, the probability that the family eat between 2 kg and

4 kg of vegetables in one week. E
Solution:
a
Method 1 Method 2
L 20
E53(5 —£) dt= 100 o 28 8 F(I)=J.—5W3(5—W)dx
55 4x5°  5x%F E
25 4
_ ?w‘*—%wﬁ = 5—5w4—?w5+0
" Fisi=1 1=5-4+C
=5—j|25—4wl O=10
0 x =0
ot
Fix) 5—5I25—4WI D=x=45
1 x=5

b P2 <w <) =F&) - F2)

4 4
= l:—jlﬁ—ltﬁl}—[i—j@ﬁ—gl

=0.650

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics
Exercise D, Question 12

Question:

The continuous random variable X has a probability density function given by

D="x=1,

f(x) = 1<x<2,

0, otherwise

a Find the cumulative distribution function.

b Find, to 3 decimal places, the median and the inter-guartile range of the

distribution. K

Solution:

PhysicsAndMathsTutor.com
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a Method 1

¥
P()=I._¢
X . 4

X
4
1 x 3 1 4 ¥
J.ldx+ i_dg=|:£:| +{£_:|
o4 T 41y | 20 ;
= 1
=4+ ——
20 20
1=E+C
20
.
= _+_
20 5
0, x =0
f, 0z <l
Fizdy i
bl 1ex=2
20 5
1, x=2
4
b Q—1+l=0.25
20 4
Qt+4-5=0
Q1=-1
4
Q—3+l=0.?5
20 5
Q. +4=15
Q=1

;= LEZ21 er —1.821

Method 2
1
Fixi= | —dx
() J.4
=Iiic
4
Fih =0 therefore C'=10

3 4
Egie T e
] 20

Fi2y=1 therefore

LR | o—

Therefore upper quattile =1.821 as —1.821 iz not in range

IQR=152-1=0521

4
i R

205
wmt4+4-10=0
mt =6
m=157
Therefore median = 1.57

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise E, Question 1

Question:

The random variable X has probability density function fix) given by

1[1+5], 0=xs2,
Fy=430 2

0, otherwi se.
Find
a E(X)and E(3X4+2),
b Var(X) and Var(3X +2),
¢ FPX=<D,
d P(X =,
e P0S=X=15.

Solution:

PhysicsAndMathsTutor.com
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2
a E(X) =J‘ 5[1+i]dx
! Bl 2

a1 2
= £+x_dx
w36

[Xz X3:|2
=; |niefe
6 18]
2
=|—4—
{6 18:|

Var(3X +2) = 0Var(k)
=289

5
c P(X<1)=J._(1+f]dx

0

0
=l £+X_29
3012

]

_ 10, 100
=1 [ﬁ+ﬁ]
.

= Lwimy

w128

43

e POS<X<15)=PX=<15-DX¥=<05
13
I [hi]dx
Sond
4 ls
X X
= |24+
3]

15 1.5 0.5 05
= =—+—|-|=+—=

i 3 <2
0.5

PhysicsAndMathsTutor.com
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Exercise E, Question 2

Question:

The random variable X has probability density function £ix) given by
2-2x, D=gx=1,
fix)= _
0, otherwise.
a Ewaluate E(X)
b Ewaluate War(¥).
¢ Write down the walues of E(2ZX +1) and Var(ZX +1).

d  Specify fully the cumulative distribution function of X
e Work out the median value of X

Solution:

PhysicsAndMathsTutor.com
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=1
a E()=| 2x- Dt

P R
=1
iz
e E2X+1D=2E0+1
_ 1
—2><§+1
_ 5
I

Var(2X + 1) = 4Var(X)

e s 2
i 0
d
Method 1 Method 2
[X(2—2£)d£=[2x—x2]x | 2—Pxdr=2x-x 4+
L0 0 E
= o — 52
T F2)=1  1=2-14C
o=
Y] x =0
Fx)=42x—x° O=x=l
1 =1
[ Zr—xi=035
P-2x+05=0
2E44-2
xX=
2

x= 171 0r0.293

median = 0293 as 1.71 iz not in the range

© Pearson Education Ltd 2C
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Solutionbank S2
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Exercise E, Question 3

Question:

The continuous random variable ¥ has cumulative distribution function given by

a0, y =1,
FOn={k(y’ —y). 1<y<2,
1 y=2,

where & 15 a positive constant.

a Show that &= %

b Find P(¥=13).
Find the walue of the median.
d  Specify fully the probability density function fy),

Solution:

a F(2)=1
FO) = k(7 - )
kd-2=1

]
k=

b P(F<15)=F(15)
= %wl.iz —-1.5
=0.375
c %@2<ﬂ=05
il
1+-1+4

2
y= 162 ar-06&18
median = 1,62 az —1.618 iz not in the range

J}:

1
-~ l=y=z
) {}f . y

0 otherwise

© Pearson Education Ltd 2C
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 4

Question:

The continueous random variable X has cumulative distribution function
0, x=2,

1
F(x) = g(xf*—at), 22 x3,

1, x =3
a Find P(X »24).

b Find the median
¢ Find the probability density function, fix)

d  Ewaluate ELY)
e Find the mode of X

Solution:

PhysicsAndMathsTutor.com
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a PX> 24 =F(3-F(24)
s I T P | .
_§|32 4)- =247 - 4]
0,643

of

P> 24)=1-F(24)
=1-124-4

=0.648

b Lixt—4j=05

5
272 -8B=5
Dt =13
A =S
=255 0r=253

median =2 55 as —2.55 1z not in the range

Bl pl 25
‘ de( 4)}_5

— 2=x=3
fixi=9 5

0 otherwize

32x:"
d EX)= [ ?dx
3

%]
15 |

_ 54 16
15 13
_ 38
15
e
£x)
1.3 5
.S
a T X
[x] i x 3 4
mode =3

© Pearson Education Ltd 2C
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Solutionbank S2
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Exercise E, Question 5

Question:

The random variable X has probability density function f(x) given by
BELo0Lx<2,

0, wotherwize,

fix)=
whete & 18 a positive constant.

a Show that k= g )

b Calculate ECY

¢ Specify fully the cumulative distribution function of X
d Find the value of the median.
e Find the value of the mode.

Solution:

PhysicsAndMathsTutor.com
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x =0

0
i e x=2
3

1

mode =2

© Pearson Education Ltd 2C
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Method 2
- 2
F(x) = '|3idx
4 B
3
=7 e
8

Fi(21=1 therefore §+ iZ=:1
=0
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Exercise E, Question 6

Question:

The random variable ¥ has probability density function £(3) given by
O +2y+2), 1<y <3,

0, otherwise,

f(x)=

where & is a positive constant,

a Show that &= i
62

b ZSpecify fully the cumulative distribution function of ¥
¢ Ewaluate P(¥ =2) .

Solution:

PhysicsAndMathsTutor.com
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a3 5
a jlk(y + 2y +2dy=1
i .3 W K
lk‘%+y2+2y ” =1
5 s 1

k|€i+32+6\|—kfl+1+2\| =1
| 3 | =3 )

gﬁ:—l
3

3
f=—
62

b DMethod 1

¥
3
P@):J. =+ 2+ de
, 62

Tl

_}'3

S —+y 2yJ|

i !
: l+1+2|

3 2
=«“’_+3L+3_f_3
62 62 31 31

3 2

+== - 1=x=73

T T
1 > 3
g Pir=ay= J {y+2y +2)dy

23+3/23+ & 5

& 62 3 3

{ (Lo +zy\]

_ 32

¥

1

) 3 Y
= — + 2 +4|——|—+1+2
] 6213

62| 3
_ 1
1

© Pearson Education Ltd 2C
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Method 2

Fix)= J.;—z(y:"+ 2y +2dx

¥

z 3

+y 42y |+C
62(3 4 y]
F(3)=1

f 4
I §+32+6|+C=]
52| 3

of F{2) =

therefore
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Exercise E, Question 7

Question:

A random variable X has probability density function f(x) given by
i(al—x?), -22x22,
fixy=+32
0, otherwise.
a Zketch the probability density function of X
b Write down the mode of X

¢ Specify fully the cumulative distribution function of X
d Find POS<X <1.5).

Solution:
a
3 3
b mode=10
¢ Method 1 Method 2
=" 3¢, a2
Fx = — 4= | di Fxy= | =14-x"dx
(x) _[_232[ ) (x) _[32[ i
3 3
32 32, 32 32
= 12_x_£ - —E+i F(2)=1 therefore E—E+C
32 32 32 32 32 32
=1
32 32 2
0 =2
3
T e .
32 32 2
1 x> 2

d Pl05<X=15)=F1.5-F05

3 3
L T
32 32 2 32 32 2
35
—morUQTB
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Edexcel AS and A Level Modular Mathematics
Exercise E, Question 8

Question:

A random variable X has probability density function f(x) given by

1
-, D=x=1,
3
2 4
f(x)=<$x, 1= x=2,
0, otherwise.
a Find E(X)

b Specify fully the cumulative distribution function of X
¢ Find the median of X

Solution:

PhysicsAndMathsTutor.com
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1 ]
aﬂﬂ=j%h+ =y

] L

b Method 1

Hﬂ=j%&

- 3]
=51
st
3
1 ¥ 1 3 i
jldx+ B—df,:[f} +{2¢—}
i . 2, gl
_l,22 2
= 9 o
e
o
_2 5
91 =0
0 x
% 0gx<l
2= 2zt 5
e TR 1€ x< 2
o1~y
_1 =2

Method 2
1
Fixi= | Zdx
(] j3
=%t
3
Fiy =10 therefore C'=10
2 3
il AL
7 21

Fi2i=1 therefore

c F(l)= % therefore median lies in interval 1 < x < 2

a L
21 21

2 +5=105
2x3=155
g

x= 140

median = 1.40
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Solutionbank S2
Edexcel AS and A Level Modular Mathematics

Exercise E, Question 9

Question:

A continuous random variable X has probability density function fix) given by

kx—k, 1<zx<3,
F(x)=

0, otherwise,

where & 15 a positive constant.

a Show that = %
Find E{X.

¢ Work out the cumulative distribution function, F(x).
d  Show that the median value lies between 2.4 and 2.3

Solution:

PhysicsAndMathsTutor.com
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g ‘fh—hﬁzl

2
{E_;ﬂ}pﬂ
2 1

pae E 5]
:_—_+_
4 2 4
0 x=l
2
F&%=————+Z 12x<3
1 X
2
d Fizd)= ﬁ—ﬁ+l=0.5
4 2 4
2
F(2.5)=£—£+l =05
4 2 4

Method 2

% 1
Fixi==——dx
(x) _[2 5

i

x
4 2

Fi=y =1 therefore %— §+ =l

T=025

Since 005 lies in between, the median 1z between 2.4 and 2.5,

© Pearson Education Ltd 2C
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Exercise E, Question 10

Question:

The continuous random variable X has probability density function given by
x, D=x=1,
3xt

flayedr : Joped
@=113 =

0, otherwise.
Sketch the prob ability density function of &
Find the mode of X

Find E(2X).
Find Var(2.X +1)

Specify fully the cumulative distribution function of X
Tsing your answer to part e find the median of &7

=T T - -1}

LB -1

Solution:

PhysicsAndMathsTutor.com
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fixy
|1.

(0.8 4
064
(L4 4

024

=

b mode=1
1 2
c E(X)=j xdx+
o 1
[XB}l [3;{4}
=|—| 4| —
3], 156

1 (48 3]
:_+ gt
3 \56 356

191
168
191
E(2H) = 2% —
) 168
191

3
3x -
14

2

54

1 2%
d  Vatd)= '[ fdx+'[ 22 (E
, | 14 168

P S [191]2
R 1 et |0 o
4| 7|70 ] \1es

_1+[48 3]_[191]2
47435 70, \168

=0.28601
WVar(2X+1) =4 %0286
=114
e Method 1
P(le:J:zdz
_[i}x
2
2
1 ¥ o 2 Enid
firoef 5] |
0 1 2] L4y
1 5
A D
2 14 14
1—E+C"
14
3
g e
14 7
0 =<0
e
- 0<x<1
Fix)=
G edic)
—+ = 12x=2
14 7
1 x> 2

PhysicsAndMathsTutor.com

Method 2
Fix)= jxdx

.7.’2

=loee
2

F{0=0 therefore O'=0

2 3
LRI S
14 14

F(2)=1 therefore

1w
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