Continuous random variables

Starter
1.

A Wilcoxon signed-rank test is carried out on 48 data values and the sum of the positive
ranks is 795. Conduct a two-tailed test at the 5 % level to determine whether the median
is different to a previous value. State the null and alternative hypotheses clearly.

Working:

H, : the median has not changed
H, : the median is not equal to the previous value

1 1
Mean=zn(n+1)=zx48x49=588

1 1
Variance = —n(n + 1)2n + 1) = — X 48 X 49 X 97 = 9506
24 24

o =1/9506

Since 795 > 588, use x =795 - 0.5 =794.5

p =P <795 ~ P(T'<£794.5) ~ 0.0171

Since p ~ 0.0171 < 0.025, we reject H,,.

There is evidence to suggest the median has changed from the previous
value.

2. A shopper believes that the pineapples sold by supermarket P are lighter those from
supermarket Q. To investigate this claim he bought a random sample of 36 pineapples
from supermarket P and 45 pineapples from supermarket Q. The weights of the
pineapples were ranked and the sum of ranks of the pineapples from supermarket Q was
2047. Test at the 2.5 % significance level whether the shopper’s claim is correct.

Working:

m=36,n =45
The sum of the ranks of the smaller sample is needed.

1 1
Sum of ranks = En(n +1)= P X (36+45)x(36+45+1)=13321
So the sum of the ranks of sample P = 3321 — 2047 = 1274
1 1
Mean =Em(m+n+ 1) ZEX36X(36+45+ 1) = 1476

Variance = %mn(m +n+1)= % X36x45x (36 +45+1)=11070
Hy: mp=my,

H, : mp < mg where mp and my, are the medians of the rankings of the
pineapples from supermarket P and Q respectively.

This is a one-tailed test.

RQ ~ N(1476, 11070)

Continuity correction: as RQ = 1274 < 1476 = mean, add 0.5.
p= P(RQ <1274) ~ P(T <£1274.5) ~ 0.0277

Since p = 2.77 % > 2.5 %, we do not reject H,,.

There is evidence to suggest that the medians of masses of the pineapples
from supermarket P is not lower than that of the pineapples from
supermarket Q i.e. there is insufficient evidence to say that the pineapples
from P are lighter.
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2
E.g. 1 The probability density function, f(x), is defined as f(x) = {kx O<x=< 3.
0 otherwise

) Find the value of the constant k.

) Find P(X < 2).

) Find P(1.5 < X <2.5)

) Given that P(X < a) = 0.2, find the value of a to 3 s.f.

00 3
Working: (a) J f)dx = 1: J kx?dx =1
—00 0

k 3
[—x3] =1 = %=1 = k==
3 0

b PX<2)=| —x¥dx=|—x| =—
)9 27

251 1,1 49
(c) P(15<X<K2)5) = —x“dx = |—x = —

s 9 277 |, 108

a1
d PX<a)=02 = J —x2dx =02
1 4 X
ie. —x =02 =  a’=54
20 N[
a=1+/54=175@3sf)

c(d-x> =—-2<x<2

0 otherwise
(a) Calculate the value of the constant c.

(b) Find P(X > 0.5).

(c) P(|IX|>1).

E.g. 2 The probability density function f(x) = {

00 2
Working: (a) J f)dx = 1: J c(d—x>dx =1
—00 -2

[c(4x_§xs)[ S (-

2

3
= c =—
32

2

-1 2

3 3
P 1 = = (4 -2 = (4 = x?
(c) (1X]|>1) J 32( x)dx+J 32( x“)dx

=2 1

):1
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k 0<x<2
E.g. 3 The crv, X, has pdf, f(x) where f(x) = { k(2x —=3) 2<x<3
0 otherwise
(a) Find the value of k.
(b) Sketch the graph of y = f(x).
(c) Find P(1 < X <2.3)

2 3
kdx + J k2x —3)dx =1

2

3
k(x? — 3x)] =1
2

Working: (a) J
0

2
[kx

0
1
A+Ok+2U =1 = k=

+

© i)
1
0 1 2 3
2 1 2.3
© PU<X<23)= J —dx + J )
11394 2 4
= _ 03475

400
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E.g. 4 The probability density function
k(x—a)*) 0<x<a 1
JOER S

0 otherwise
is shown in the sketch.

(a) Use the information given in the sketch

and the properties of probability density 0
functions to find the values of a and k.

(b)  Find P<X > %a)

1
Working: (a) Whenf(0)=1soka’=1 = k=—

a2
“1 2 1 31
J—(x—a) dx=1 = l—(x—a)] =1
0 a? 3a? 0

. 11

gCZ: = a=23 = k=§=—

Exercise
p121 7A Qu 1i, 2i, 3i, 4-8, (9-10 red)
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