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Statistics

Data and their Representations

9. Given below is a cumulative frequency distribution table showing marks obtained by
50 students of a class.

Marks

Number of students

Notes

Below 20
Below 40
Below 60
Below 80
Below 100

15
24
29
34
50

Form a frequency table from the above data.

10. Draw a bar graph to represent the following data of sales of a shopkeeper:

Day

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sales (in )

16000

18000

17500

9000

85000

16500

11. Study the following bar graph and answer the following questions:

T

(1) Whatis the information given by the bar graph?

Fig. 24.19

(i) On which day is number of students born the maximum?

(i) How many more students were born on Thursday than that on Tuesday.

(iv) What is the total number of students in the class?

626
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12. The times (in minutes) taken to complete a crossword at a competition were noted

for 50 competitors are recorded in the following table:

Time (in minutes) Number of competitors
20-25 8
25-30 10
30-35 9
35-40 12
40-45 6
45-50 5

(i) Construct a histogram for the data.

(i) Construct a frequency polygon.

13. Construct a frequency polygon for tha data in question 12 without drawing a histogram.

14. The following histogram shows the number of literate females in the age group 10 to

40 (in years) in a town:
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700 -

600 -

500 -

400 -

300 -

200 -

Number of literate females ——

100 -

0 -
10

15

20 25 30
Agegroup

35

40

Study the above histogram and answer the following questions:

(1) What was the total number of literate females in the town in the age group 10 to 40?

Fig. 24.20

(i) Inwhich age group, the number of literate females was the highest?

(ii1) In which two age groups was the number of literate females the same?
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(iv) State true or false:

The number of literate females in the age group 25-30 is the sum of the numbers of
literate females in the age groups 20-25 and 35-40.

Write the correct option:
15. The sum of the class marks of the classes 90-120 and 120-1501s
(A)210 (B) 220 (C) 240 (D)270
16. The range of the data
28,17, 20, 16, 19, 12, 30, 32, 10 is
(A)22 (B) 28 (C) 30 (D) 32
17. In afrequency distribution, the mid-value of a class is 12 and its width is 6. The lower
limit of the class is:
(A)6 B)9 ©) 12 (D) 18
18. The width of each of five continuous classes in a frequency distribution is 5 and the
lower limit of the lowest (first) class is 10. The upper limit of the highest (last) class is
(A) 15 (B)20 (C) 30 (D) 35
19. The class marks (in order) of a frequency distribution are 10, 15, 20, .... The class

20.

corresponding to the class mark 15 is

(A) 11.5-18.5 (B) 17.5-22.5
(C) 12.5-17.5 (D) 13.5-16.5
For drawing a frequency polygon of a continuous frequency distribution, we plot the

points whose ordinates are the frequencies of the respective classes and abcissae are

respectively:
(A) class marks of the classes (B) lower limits of the classes

(C) upper limits of the classes (D) upper limits of preceding classes
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[
{ ANSWERS TO CHECK YOUR PROGRESS
24.1 Notes
1. (a)Classification, organisation, inferences  (b) numerical data
(c) primary (d) secondary

(e) numerical data
2. Primary 3. Secondary

24.2

2. 21cm

4 | Marks Number of students 5. [Class interval Frequency
0-10 1 210-230 2
10-19 2 230-250 5
20-29 1 250-270 2
30-39 2 270-290 2
40-49 5 290-310 4
50-59 6 310-330 6
60-69 6 330-350 2
70-79 4 350-370 2
80-89 2 370-390 0
90-99 1 390-410 3
Total 30 Total 25

19 students secured more than 49 marks.

6. ()6 (b) 43 (c) 49
24.3
1. @) Classes Frequency Cumulative frequency
1-5 4 4
6-10 6 10
11-15 10 20
16-20 13 33
21-25 6 39
26-30 2 - 4l
Total 41«

Mathematics Secondary Course 629
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(i) Classes Frequency Cumulative frequency
0-10 3 3
Notes 10-20 10 13
20-30 24 37
30-40 32 69
40-50 9 78
50-60 7 - 85
Total 85 «
2. Heights (in cm)| Number of students [(Cumulative frequency
110-120 14 14
120-130 30 44
13-140 60 104
140-150 42 146
150-160 14 160
Total 160
140 students have heights less than 150.
244
1. (i)bars (i) equal (iii) proportional
2. ()2 (i) 6 (iii) Bus
3. ()6 (ii) Football ~ (iii) Table tennis
4. (1)5900  (i1) 2007 (iii) 2003 (iv) 2008
24.5

1. (i) Horizontal axis
(i1) Vertical axis

(iii) Frequency

(iv) Continuous grouped frequency distribution

2. (i) Heights (in cm) of students

(ii) 145-150
(iii) 15
(iv)4

)13

630
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(i) frequency

1. (1) group, frequency table

(i1) true limits

(iv) class size

ANSWERS TO TERMINAL EXERCISE

MODULE - 6
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(v) cumulative frequency (vi) upper limt, lower limit
(vii) arrayed (vii) range
Number of Number of 3. |Numbre of Number of
TV sets hours vehicles families
0 2 0 2
1 15 1 27
2 2 16
3 4 3 4
4 1 4 1
Total 30 Total 50
Weights Number of 5. Length Number of
(in grams) cards (incm) carrots
5.5-7.5 6 10-12 2
7.5-9.5 15 12-14 5
9.5-11.5 15 14-16 9
11.5-13.5 2 16-18 6
13.5-15.5 2 18-20 4
Total 40 20-22 4
Total 30
6. (1)42.5
(i) [Weight(inkg) |Number of persons (Cumulative frequency
40-45 4 4
45-50 5 9
50-55 10 19
55-60 26
60-65 32
65-70 ___—>40
Total 40

Notes
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7. Class interval Frequency Cumulative frequency
0-10 2 2
Notes 10-20 6 8

20-30 10 18
30-40 15 33
40-50 12 45
50-60 8 53
60-70 5 58
70-80 2 > 60
Total 60

8. ()15 (i1) Lower limit : 25, Upper limit: 30
(iii)37.5 (iv)5

@v) | Classes Frequency |Cumulative frequency
15-20 2 2
20-25 3 5
25-30 5 10
30-35 7 17
35-40 4 21
40-45 3 24
45-50 1 P
Total 25
9. Marks No. of students (frequency

0-20 15

20-40

40-60

60-80

80-100 16

10. (i) Days of birth of the students in a class

(i1) Saturday
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(iii) 1
@iv) 31
11. 1) 2250 (it) 25-30

Notes
(ii1) 10-15 and 30-35 (iv) True

12.(C)
13. (A)
14. (B)
15. (D)
16. (C)
17. (A)
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MEASURES OF CENTRAL TENDENCY

In the previous lesson, we have learnt that the data could be summarised to some extent
by presenting it in the form of a frequency table. We have also seen how data were
represented graphically through bar graphs, histograms and frequency polygons to get
some broad idea about the nature of the data.

Some aspects of the data can be described quantitatively to represent certain features of
the data. An average is one of such representative measures. As average is a number of
indicating the representative or central value of the data, it lies somewhere in between the
two extremes. For this reason, average is called a measure of central tendency.

In this lesson, we will study some common measures of central tendency, viz.

(i) Arithmetical average, also called mean
(i) Median
(i) Mode

O onsscrives

After studying this lesson, you will be able to

e define mean of raw/ungrouped and grouped data;

e calculate mean of raw/ungrouped data and also of grouped data by ordinary
and short-cut-methods;

e define median and mode of raw/ungrouped data;

e calculate median and mode of raw/ungrouped data.

25.1 ARITHMETIC AVERAGE OR MEAN

You must have heard people talking about average speed, average rainfall, average height,
average score (marks) etc. If we are told that average height of students is 150 cm, it does
not mean that height of each student is 150 cm. In general, it gives a message that height of
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students are spread around 150 cm. Some of the students may have a height less than it,
some may have a height greater than it and some may have a height of exactly 150 cm.

25.1.1 Mean (Arithmetic average) of Raw Data

To calculate the mean of raw data, all the observations of the data are added and their sum
is divided by the number of observations. Thus, the mean of n observations x , x, ....x_is

XX, +. X,

n

Itis generally denoted by x . so

X+ X, .t X,

x:

= = m

where the symbol “X” is the capital letter ‘SIGMA’ of the Greek alphabet and is used to
denote summation.

To economise the space required in writing such lengthy expression, we use the symbol 2,
read as sigma.

In Z X; ,1 is called the index of summation.

i=1
Example 25.1: The weight of four bags of wheat (in kg) are 103, 105, 102, 104. Find the
mean weight.

103+105+102+104

Solution: Mean weight (x ) = 4 kg

414
=, ke=1035kg

Example 25.2: The enrolment in a school in last five years was 605, 710, 745, 835 and
910. What was the average enrolment per year?

Solution: Average enrolment (or mean enrolment)

605+710+745+835+910 _ 3805

Mathematics Secondary Course
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Example 25.3: The following are the marks in a Mathematics Test of 30 students of
Class IX in a school:

40 73 49 83 40 49 27 91 37 31

91 40 31 73 17 49 73 62 40 62

49 50 80 35 40 62 73 49 31 28
Find the mean marks.

Solution: Here, the number of observation (n) = 30

x, =40, x,=73, ........ , X, =31
x, =41, x,=40, .. s X, = 62
x, =49, x, =50, ......... s Xy, =28

From the Formula (I), the mean marks of students is given by

30
a1 ;xt‘_ 40+73+...+28 1455
ean=(x)= P 30 30

=48.5

Example 25.4: Refer to Example 25.1. Show that the sum of x — X, X,— X, X,— X and
X,~ X 18 0, where x;’s are the weights of the four bags and x is their mean.

Solution:  x—x =103-103.5=-0.5,x~ % = 105-103.5= 1.5
X~ 5=102-1035=~15,x~- = 104-103.5=0.5
S0, (= %) + (X %) + (X~ T) + (6~ 1) =—05+ 1.5+ (-1.5)+0.5=0

Example 25.5: The mean of marks obtained by 30 students of Section A of Class X is
48, that of 35 students of Section B is 50. Find the mean marks obtained by 65 students
in Class X.

Solution: Mean marks of 30 students of Section A =48

So, total marks obtained by 30 students of Section A =30 x 48 = 1440
Similarly, total marks obtained by 35 students of Section B =35 x 50 =1750
Total marks obtained by both sections = 1440 + 1750 = 3190

3190
Mean of marks obtained by 65 students = 5 C 49.1 approx.

Example 25.6: The mean of 6 observations was found to be 40. Later on, it was detected
that one observation 82 was misread as 28. Find the correct mean.
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Solution: Mean of 6 observations =40
So, the sum of all the observations = 6 x 40 =240
Since one observation 82 was misread as 28, Notes

therefore, correct sum of all the observations =240 —28 + 82 =294

294

Hence, correct mean = ? =49

CHECK YOUR PROGRESS 25.1

1. Write formula for calculating mean of n observations x  , x, ..., x .

n

2. Find the mean of first ten natural numbers.

3. The daily sale of sugar for 6 days in a certain grocery shop is given below. Calculate
the mean daily sale of sugar.

Monday Tuesday | Wednesday | Thursday Friday Saturday
74 kg 121 kg 40 kg 82 kg 70.5kg | 130.5kg

4. The heights of 10 girls were measured in cm and the results were as follows:
142, 149, 135, 150, 128, 140, 149, 152, 138, 145
Find the mean height.

5. The maximum daily temperature (in °C) of a city on 12 consecutive days are given
below:

324 295 266 257 235 246
242 224 242 230 232 288

Calcualte the mean daily temperature.

6. Refer to Example 25.2. Verify that the sum of deviations of x, from their mean (x ) is
0.

7. Mean of 9 observatrions was found to be 35. Later on, it was detected that an
observation which was 81, was taken as 18 by mistake. Find the correct mean of the
observations.

8. The mean marks obtained by 25 students in a class is 35 and that of 35 students is 25.
Find the mean marks obtained by all the students.
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25.1.2 Mean of Ungrouped Data
We will explain to find mean of ungrouped data through an example.
Find the mean of the marks (out of 15) obtained by 20 students.
12 10 5 8 15 5 2 8 10 5
10 12 12 2 5 2 8 10 5 10
This data is in the form of raw data. We can find mean of the data by using the formula (I),

in
n

We can also find the mean of this data by first making a frequency table of the data and
then applying the formula:

Zn:ﬁxi

mean = x = % 1))
>,
i=1

where f is the frequency of the ith observation x..
Frequency table of the data is :

1e., . But this process will be time consuming.

Marks Number of students

(x) )
2 4

5 5

8 3

10 5

12 2

15 1

2f =20

To find mean of this distribution, we first find f x, by multiplying each x_with its
corresponding frequency f, and append a column of fx, in the frequency table as given
below.

Marks Number of students fx,
(x) )
2 4 2x4 =8
5 5 5x 5=25
8 3 3x 8 =24
10 5 5%x10=50
12 2 2x12=24
15 1 1x15=15
2f, =20 2f x, = 146
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2. /% _146
Mean = Zfi =0

=73

Example 25.7: The following data represents the weekly wages (in rupees) of the
employees:

MODULE - 6

Statistics

Weekly wages | 900 1000 1100 | 1200 1300 | 1400 | 1500
(in%)

Number of 12 13 14 13 14 11 5

employees

Find the mean weekly wages of the employees.

Solution: In the following table, entries in the first column are x’s and entries in second
columen are f’s, i.e., corresponding frequencies. Recall that to find mean, we require the
product of each x, with corresponding frequency f. So, let us put them in a column as
shown in the following table:

Weekly wages (in ) Number of employees fx

(x) )

900 12 10800
1000 13 13000
1100 14 15400
1200 13 15600
1300 12 15600
1400 11 15400
1500 5 7500

2f =80 2f x, = 93300
Using the Formula I,
2 f% 93300

Mean weekly wages = z f = TR0

=% 1166.25

Sometimes when the numerical values of x and f, are large, finding the product f and x,
becomes tedius and time consuming.

We wish to find a short-cut method. Here, we choose an arbitrary constant a, also called
the assumed mean and subtract it from each of the values x. The reduced value,
d.=x —ais called the deviation of x, from a.

Thus, xl.=—a+di
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and flxl. = afl. + fidi

Z fix; :z af, + Z f:d; [Summing both sides over i from i to r]
i=1

i=1 i=1

_ 1
Hence X= Zf, +§2fid,~ , where 3f =N

—_ 1
f=a+ Y fd,am

[since 2f, = N]
This meghod of calcualtion of mean is known as Assumed Mean Method.

In Example 25.7, the values x, were very large. So the product f,x, became tedious and
time consuming. Let us find mean by Assumed Mean Method. Let us take assumed
mean a = 1200

Weekly wages Number of Deviations Jf4,
(in%) (x) employees (f)) d =x,-1200
900 12 —-300 —3600
1000 13 —200 —2600
1100 14 - 100 — 1400
1200 13 0 0
1300 12 100 + 1200
1400 11 200 + 2200
1500 5 300 + 1500
2f =380 Xf d = - 2700
Using Formula II1,

1
Mean = a+EZfidi

1
= 1200 + oo (= 2700)

=1200 - 33.75 = 1166.25
So, the mean weekly wages = 1166.25

Observe that the mean is the same whether it is calculated by Direct Method or by Assumed
Mean Method.
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Example 25.8: If the mean of the following data is 20.2, find the value of k

x, [10 15 20 25 30
f |6 8 20 k 6
_ D fx 60+120+400+ 25k +180
Solution: Mean = Z 7 40+ k
760+ 25k
T 40+k
g J00+25k
o, —40+k =20.2 (Given)

or

or

or

760 +25k = 20.2 (40 + k)

7600 + 250k = 8080 + 202k
k=10

CHECK YOUR PROGRESS 25.2

1. Find the mean marks of the following distribution:

MODULE - 6
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Marks 1 2 3 4 5 6 7 8 10
Frequency| 1 3 5 9 14 18 16 9 2
2. Calcualte the mean for each of the following distributions:
@) x 6 10 | 15 18 22 27 30
f 12 | 36 | 54 72 62 | 42 22
(ii) x 54162 | 72 [ 76 [ 84 | 94
f 14 | 28 23 8 3 1
3. The wieghts (in kg) of 70 workers in a factory are given below. Find the mean weight
of a worker.
Weight (in kg) Number of workers
60 10
61 8
62 14
63 16
64 15
65 7
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4. If the mean of following data is 17.45 determine the value of p:

x | 15]16] 17 [ 18] 19 20
Fl 3] s8|l1w0]| p| 5| 4

25.1.3 Mean of Grouped Data

Consider the following grouped frequency distribution:

Daily wages (in ) Number of workers
150-160 5
160-170 8
170-180 15
180-190 10
190-200 2

What we can infer from this table is that there are 5 workers earning daily somewhere
from ¥ 150 to X 160 (not included 160). We donot know what exactly the earnings of
each of these 5 workers are

Therefore, to find mean of the grasped frequency distribution, we make the following
assumptions:

Frequency in any class is centred at its class mark or mid point

. . 150+160
Now, we can say that there are 5 workers earning a daily wage of —, =
. . 160+170 ‘
3 155 each, 8 workers earning a daily wage of ¥ 5, = 3 165, 15 workers aerning
) 170+160 .
a daily wage of —, = < 175 and so on. Now we can calculate mean of the given
data as follows, using the Formula (IT)
Daily wages (in ) Number of Class marks (x,) fx,
workers (f)
150-160 5 155 775
160-170 8 165 1320
170-180 15 175 2625
180-190 10 185 850
190-200 2 195 390
3f =40 2fx, = 6960
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D fix 6960
Mean = 2—2—2174
fi 40
So, the mean daily wage =3 174 Notes

This method of calculate of the mean of grouped data is Direct Method.

We can also find the mean of grouped data by using Formula IlI, i.e., by Assumed Mean
Method as follows:

We take assumed meana= 175

Daily wages | Number of Class marks Deviations Jfd.
(in%) workers (f) (x) d =x-175
150-160 5 155 -20 - 100
160-170 8 165 -10 - 80
170-180 15 175 0 0
180-190 10 185 + 10 100
190-200 2 195 + 20 40
2f =40 2fd =—40

So, using Formula I11,

1
Mean = a+ﬁz.ﬁdi

1
=175+ 10 (—40)

=175-1=174

Thus, the mean daily wage =3 174.

Example 25.9: Find the mean for the following frequency distribution by (i) Direct Method,
(i1) Assumed Mean Method.

Class Frequency
20-40 9
40-60 11
60-80 14
80-100
100-120 8
120-140 15
140-160 12
Total 75
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Solution: (i) Direct Method

Class Frequency (f) Class marks (x,) fx,
20-40 9 30 270
40-60 11 50 550
60-80 14 70 980
80-100 6 90 540
100-120 8 110 880
120-140 15 130 1950
140-160 12 150 1800
3f,=175 >fx,= 6970
D.fix 6970

=9293

So, mean = Zfi ~ 15

(i1) Assumed mean method

Let us take assumed mean = a =90

Class Frequency (f) | Class marks (x) | Deviation f4,
d=x-90
20-40 9 30 - 60 - 540
40-60 11 50 -40 - 440
60-80 14 70 -20 - 280
80-100 6 90 0 0
100-120 8 110 + 20 160
120-140 15 130 + 40 600
140-160 12 150 + 60 720
N=23f="175 3fd.= 220

1 220
= a+— d = — =
Mean szu 90+ o =92.93

Note that mean comes out to be the same in both the methods.

In the table above, observe that the values in column 4 are all multiples of 20. So, if we
divide these value by 20, we would get smaller numbers to multiply with f.

Note that, 20 is also the class size of each class.

X.
So, letu, = lT , where a is the assumed mean and /4 is the class size.
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Now we calculate u, in this way and then uf, and can find mean of the data by using the
formula
Mean= X =a+ (—sz;iji jx havy Notes

Let us find mean of the data given in Example 25.9

Take a = 90. Here h =20

X. —d
Class Frequency Class Deviation u= : P Sfu,
) marks (x) | d,=x,-90
20-40 9 30 - 60 -3 -27
40-60 11 50 -40 -2 -22
60-80 14 70 -20 -1 - 14
80-100 6 90 0 0 0
100-120 8 110 + 20 1 8
120-140 15 130 + 40 2 30
140-160 12 150 + 60 3 36
2f,=15 Xfu.=11
Using the Formula (IV),
_ > fu, 11
—XxX=a+|———|Xh - —_—
Mean [Zf,J 90+75x20

00+ 22 _ 9203
=t g =0

Calculating mean by using Formula (IV) is known as Step-deviation Method.

Note that mean comes out to be the same by using Direct Method, Assumed Method or
Step Deviation Method.

Example 25.10: Calcualte the mean daily wage from the following distribution by using
Step deviation method.

Daily wages (in%) 150-160 160-70 170-180 180-190 | 190-200
Numbr of workers 5 8 15 10 2
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Solution: We have already calculated the mean by using Direct Method and Assumed

Method. Let us find mean by Step deviation Method.

Let us take a = 175. Here h = 10

Notes
X, —a
Daily wages | Number of Class Deviation u=— Sfu,
(in%) workers (f) | marks(x) | d,=x,-90
150-160 5 155 -20 -2 -10
160-170 8 165 -10 -1 -8
170-180 15 175 0 0 0
180-190 10 185 10 1 10
190-200 2 195 20 2 4
2f,=40 Xfu=-4
Using Formula (IV),

> fu 4
; =a+| —""|xh - - —
Mean daily wages ( >, 175 + 10 = 10=X 174

Note: Here again note that the mean is the same whether it is calculated using the Direct
Method, Assumed mean Method or Step deviation Method.

CHECK YOUR PROGRESS 25.3

1. Following table shows marks obtained by 100 students in a mathematics test

Marks 0-10 10-20 20-30 30-40 40-50 50-60
Number of 12 15 25 25 17 6
students

Calculate mean marks of the students by using Direct Method.

2. The following is the distribution of bulbs kept in boxes:

Numberof | 50-52 52-54 54-56 56-58 58-60
bulbs

Number of 15 100 126 105 30
boxes

Find the mean number of bulbs kept in a box. Which method of finding the mean did
you choose?

3. The weekly observations on cost of living index in a certain city for a particular year
are given below:
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Costofliving | 140-150 [ 150-160 | 160-170 [ 170-180 | 180-190 [190-200
index

Number of 5 8 20 9 6 4
weeks

Calculate mean weekly cost of living index by using Step deviation Method.

4. Find the mean of the following data by using (i) Assumed Mean Method and (ii) Step
deviation Method.

Class 150-200 | 200-250 [ 250-300 | 300-350 [ 350-400
Frequency 48 32 35 20 10

25.2 MEDIAN

In an office there are 5 employees: a superviosor and 4 workers. The workers draw a
salary of ¥ 5000, I 6500, X 7500 and I 8000 per month while the supervisor gets
% 20000 per month.

5000+ 6500+ 7500 + 8000 + 20000
5

In this case mean (salary) =%

47000
= ?T = %9400

Note that 4 out of 5 employees have their salaries much less than ¥ 9400. The mean salary
%9400 does not given even an approximate estimate of any one of their salaries.

This is a weakness of the mean. It is affected by the extreme values of the observations in
the data.

This weekness of mean drives us to look for another average which is unaffected by a few
extreme values. Median is one such a measure of central tendency.

Median is a measure of central tendency which gives the value of the middle-
most observation in the data when the data is arranged in ascending (or descending)
order.

25.2.1 Median of Raw Data
Median of raw data is calculated as follows:

(i) Arrange the (numerical) data in an ascending (or descending) order

n+l
(i) When the number of observations (7) is odd, the median is the value of (Tj th

observation.
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n
(@) When the number of observations (n) is even, the median is the mean of the (5) th

n
and (5 + 1) th observations.

Let us illustrate this with the help of some examples.
Example 25.11: The weights (in kg) of 15 dogs are as follows:
9,26, 10, 22, 36, 13, 20, 20, 10, 21, 25, 16, 12, 14, 19
Find the median weight.
Solution: Let us arrange the data in the ascending (or descending) order:
9,10, 10, 12, 13, 14, 16, 20, 20, 21, 22, 25, 36
Medi

an

Here, number of observations = 15

n+l1 15+1
So, the median will be T th, i.e., > th, i.e., 8th observation which is 19 kg.

Remark: The median weight 19 kg conveys the information that 50% dogs have weights
less than 19 kg and another 50% have weights more then 19 kg.

Example 25.12: The points scored by a basket ball team in a series of matches are as
follows:

16, 1, 6, 26, 14, 4, 13, 8,9, 23, 47,9, 7, 8, 17, 28
Find the median of the data.

Solution: Here number of observations = 16

16 16

So, the median will be the mean of (?) th and (? + 1) th, i.e., mean of 6th and 9th

observations, when the data is arranged in ascending (or descending) order as:
1, 4, 6, 7, 8 8, 9, 9, 13, 14, 16, 17, 23, 26, 28, 47

8th term 9th term

9+13
2

So, the median = 11

Remark: Here again the median 11 conveys the information that the values of 50% of the
observations are less than 11 and the values of 50% of the observations are more than 11.
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25.2.2 Median of Ungrouped Data

We illustrate caluculation of the median of ungrouped data through examples.

Example 25.13: Find the median of the following data, which gives the marks, outof 15, | Notes
obtaine by 35 students in a mathematics test.

Marks obtained 3 5 6 11 15 14 | 13 | 7 12 | 10
Number of Students| 4 6 5 7 1 3 2 3 3 1

Solution: First arrange marks in ascending order and prepare a frequency table as follows:
Marks obtained 3 5 6 7 10 | 11 | 12 | 13 | 14 | 15

Number of Students | 4 6 5 3 1 7 3 2 3 1
(frequency)

n+1 35+1
Here n =35, which is odd. So, the median will be ) th,i.e., T th, 1.e., 18th

observation.

To find value of 18th observation, we prepare cumulative frequency table as follows:

Marks obtained Number of students Cumulative frequency
3 4 4
5 6 10
6 5 15
7 3 18
10 1 19
11 7 26
12 3 29
13 2 31
14 3 34
15 1 35
From the table above, we see that 18th observation is 7
So, Median =7
Example 25.14: Find the median of the following data:
Weight (in kg) 40 41 42 43 44 45 46 48
Number of 2 5 7 8 13 26 6 3
students
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Solution: Heren=2+5+7+8 + 13+ 26 + 6 + 3 =70, which is even, and weight are
already arranged in the ascending order. Let us prepare cumulative frequency table of the
data:

Weight Number of students Cumulative
(inkg) (frequency) frequency
40 2 2
41 5 7
42 7 14
43 8 22
[ 44 13 35 | 35th observation
[45 | 26 | 61 | 36th observation
46 6 67
48 3 70

n
2
1.€., 35th and 36th observations. From the table, we see that

n
Since n is even, so the median will be the mean of ( j th and (E + 1) th observations,

35 the observation is 44

and 36th observation is 45

44 +45
2

CHECK YOUR PROGRESS 254

1. Following are the goals scored by a team in a series of 11 matches

So, Median = =445

1,0,3,2,4,5,2,4,4,2,5
Determine the median score.

2. Inadiagnostic test in mathematics given to 12 students, the following marks (out of
100) are recorded

46, 52, 48, 39, 41, 62, 55, 53, 96, 39, 45, 99

Calculate the median for this data.
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3. A fairdie is thrown 100 times and its outcomes are recorded as shown below:

Outcome 1 2 3 4 5 6
Frequency 17 15 16 18 16 18

Find the median outcome of the distributions.
4. For each of the following frequency distributions, find the median:
@ x |2 3 4 5 6 7
fi 14 9 16 14 11 6

b x |5 10 15 20 25 30 35 40
fi |3 7 12 20 28 31 28 26

©]|x [23] 3 5.1 58 | 74 | 67 | 43
fi 5 8 14 21 13 5 7

25.3 MODE

Look at the following example:

A company produces readymade shirts of different sizes. The company kept record of its
sale for one week which is given below:

size (incm) 90 95 100 | 105 110 115
Number of shirts 50 125 190 | 385 | 270 | 28

From the table, we see that the sales of shirts of size 105 cm is maximum. So, the company
will go ahead producing this size in the largest number. Here, 105 is nothing but the mode
of the data. Mode is also one of the measures of central tendency.

The observation that occurs most frequently in the data is called mode of the
data.

In other words, the observation with maximum frequency is called mode of the data.

The readymade garments and shoe industries etc, make use of this measure of central
tendency. Based on mode of the demand data, these industries decide which size of the
product should be produced in large numbers to meet the market demand.

25.3.1 Mode of Raw Data

In case of raw data, it is easy to pick up mode by just looking at the data. Let us consider
the following example:
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Example 25.15: The number of goals scored by a football team in 12 matches are:
1,2,2,3,1,2,2,4,5,3,3,4
What is the modal score?

Solution: Just by looking at the data, we find the frequency of 2 is 4 and is more than the
frequency of all other scores.

So, mode of the data is 2, or modal score is 2.

Example 25.16: Find the mode of the data:
9,6,8,9,10,7, 12, 15,22, 15

Solution: Arranging the data in increasing order, we have
6,7,8,9,9,10, 12, 15, 15, 22

We find that the both the observations 9 and 15 have the same maximum frequency 2. So,
both are the modes of the data.

Remarks: 1. In this lesson, we will take up the data having a single mode only.

2. In the data, if each observation has the same frequency, then we say that the data does
not have a mode.

25.3.2 Mode of Ungrouped Data

Let us illustrate finding of the mode of ungrouped data through an example
Example 25.17: Find the mode of the following data:

Weight (in kg) 40 | 41 42 43 44 45 46 48
Number of Students | 2 6 8 9 10 22 13 5

Solution: From the table, we see that the weight 45 kg has maximum frequency 22 which
means that maximum number of students have their weight 45 kg. So, the mode is 45 kg or
the modal weightis 45 kg.

CHECK YOUR PROGRESS 25.5

1. Find the mode of the data:
5,10,3,7,2,9,6,2,11,2

2. The number of TV sets in each of 15 households are found as given below:
2,2,4,2,1,1,1,2,1,1,3,3,1,3,0

‘What is the mode of this data?

Mathematics Secondary Course




Measures of Central Tendency

3. Adieis thrown 100 times, giving the following results
Outcome 1 2 3 4 5 6
Frequency 15 16 16 15 17 20

Find the modal outcome from this distribution.

4. Following are the marks (out of 10) obtained by 80 students in a mathematics test:

MODULE - 6

Statistics

Marks 0 1 2 3 4 5| 6 7 8 9 10
obtained

Number of 5 2 3 5 91 11|15 | 16 9 3 2
students

Determine the modal marks.

6- e

e Mean, median and mode are the measures of central tendency.

n
Z X
i=1

e Mean (Arithmetic average) of raw datais givne by x = -=

where x , x, ...., X aren observations.

. Z fix z fixi
e Mean of ungrouped data is given by x = L ==y

W/

i=1

where 1, is the frequency of the ith observation x..

1
e Mean of ungrouped data can also be found by using the formula x = a+ N Z 14,

where d, = x,— a, a being the assumed mean
Mean of grouped data
(i) To find mean of the grouped frequency distribution, we take the assumption:

Frequency in any class is centred at its class mark or mid point.
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(i) Driect Method

n

fi%;
1

Notes x=4

>

where x’s are the class marks and f, are the corresponding freqeucies of x ’s.

(i) Assumed Mean Method

S fd,

X=a+=—

where a is the assumed mean, and d, = x, - a.

(iv) Step deviation method

Zn: Jiu;

X=a+| -2 X h

>/

h
e Median is a measure of central tendency which gives the value of the middle most
obseration in the data, when the data is arranged in ascending (or descending) order.

where a is the assumed mean, u = and A is the class size.

e Median of raw data

n+l

(1) When the number of observations (») is odd, the median is the value of (T th

observation.

n
(i1) When the number of observations (n) is even, the median is the mean of the (E th

n
and (E + 1) th observations.

e Median of ungrouped data

Median of ungrouped data can be found from the cumulative frequency table (arranging
data in increasing or decreasing order) using (i) and (ii) above.

e The value of observation with maximum frequency is called the mode of the data.

654 Mathematics Secondary Course




Measures of Central Tendency

E‘J TERMINAL EXERCISE

1.
2.
3.

Find the mean of first five prime numbers.

If the mean of 5,7,9, x, 11 and 12 is 9, find the value of x.
Following are the marks obtained by 9 students in a class
51, 36, 63, 46, 38, 43, 52, 42 and 43

(1) Find the mean marks of the students.

(i) What will be the mean marks if a student scoring 75 marks is also included in the
class.

The mean marks of 10 students in a class is 70. The students are divided into two
groups of 6 and 4 respectively. If the mean marks of the first group is 60, what will be
the mean marks of the second group?

If the mean of the observations x , x,.....x i8x , show that z (x—x)=0

i=1
There are 50 numbers. Each number is subtracted from 53 and the mean of the numbers
so obtained is found to be — 3.5. Determine the mean of the given numbers.

Find the mean of the following data:

@[x [5] 9 3] 17] 22] 25
fl3 ] s 128 [ 7|5
M[x [ 16] 18] 28] 22 [ 24 26
fFlr | 3| s | 7|5 | 4

Find the mean of the following data

Statistics

MODULE - 6

(a) [Classes 10-20 | 20-30 | 30-40 40-50 50-60 | 60-70
Frequencies 2 3 5 7 5 3

(b) [Classes 100-200 [ 200-300|300-400 | 400-500 | 500-600 [ 600-700
Frequencies| 3 5 8 6 5 3

(c) The ages (in months) of a group of 50 students are as follows. Find the mean age.

Age 156-158 | 158-160 | 160-162 [ 162-164 | 164-166 | 166-168
Number of 2 4 8 16 14 6
students
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11.

12.

13.
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Find the median of the following data:
(a) 5,12, 16, 18, 20, 25, 10

(b) 6, 12,9, 10, 16, 28, 25, 13, 15, 17
(c) 15,13,8,22,29,12,14,17,6

The following data are arranged in ascending order and the median of the data is 60.
Find the value of x.

26,29, 42,53, x,x+2,70,75, 82,93

Find the median of the following data:

@] x | 25 30 35 45 50 55 65 70 85
f, 5 14 12 21 11 13 14 7 3

Ofx | 35| 36 | 37| 38| 39| 40 | 41 | 4
fl2 |3 |5 |47 |6 |4 |2

Find the mode of the following data:
(@ 8,5,2,5,3,5,3,1
(b) 19, 18,17, 16, 17, 15, 14, 15, 17,9

Find the mode of the following data which gives life time (in hours) of 80 bulbs selected
atrandom from a lot.

14.

Life time (in hours) 300 [ 500 | 700 | 900 [ 1100
Number of bulbs 10 12 20 27 11
In the mean of the following data is 7, find the value of p:

X, 4 P 6 7 9 11

f 2 4 6 10 6 2

15.

16.

For a selected group of people, an insurance company recorded the following data:

Age (in years) 0-10 [ 10-20]20-30|30-40(40-50| 50-60| 60-70| 70-80

Number of deaths| 2 12 55 95 71 42 16 7

Determine the mean of the data.

If the mean of the observations: x+ 1, x+4, x+ 5, x+ 8, x + 11 is 10, the mean of
the last three observations is

(A)12.5 (B)12.2 (©) 135 (D) 14.2
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17. If each observation in the data is increased by 2, than their mean

(A) remains the same (B) becomes 2 times the original mean

(C) is decreased by 2 (D) is increased by 2
18. Mode of the data: 15, 14, 19, 20, 14, 15, 14, 18, 14, 15, 17, 14, 18 is Notes

(A) 20 (B) 18 (C) 15 (D) 14

| ANSWERS TO CHECK YOUR PROGRESS.
25.1
1. anlx,/n 2.5.5 3.86.33 kg
4. 142.8cm 5.25.68°C  7.42
8. 29.17
25.2
1. 5.84 2.(1) 1899 (i) 6.57
3.11.68 4.10
253
1. 28.80 2.55.19 3.167.9 4.244.66
254
1. 3 2.50 3.4
4. (a)4 (b) 30 (c)5.8
25.5
1. 2 2.1 3.6 4.7
[}

1. 5.6 2. 10 3.(1) 46 (i1)48.9
4. 85 6.56.5 7.(a) 15.775 (b) 21.75
8. (a)42.6 (b)396.67 (c) 163 months (approx)
9. (a)16 (b) 14 (c) 14
10. 59 11. (a) 45 (b) 24 12.(a) 5 (b) 17
13. 900 14.5 15.39.86 years 16.(A)
17.(D) 18.D
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INTRODUCTION TO PROBABILITY

In our day to day life, we sometimes make the statements:

(1) Itmay rain today

(i) Trainis likely to be late

@ii1) Itis unlikely that bank made a mistake

(iv) Chances are high that the prices of pulses will go down in next september
(v) Idoubt that he will win the race.

and so on.

The words may, likely, unlikely, chances, doubt etc. show that the event, we are talking
about, is not certain to occur. It may or may not occur. Theory of probability is a branch
of mathematics which has been developed to deal with situations involving uncertainty.

The theory had its beginning in the 16th century. It originated in the games of chance such
as throwing of dice and now probability is used extensively in biology, economics, genetics,
physics, sociology etc.

After studying this lesson, you will be able to

e understand the meaning of a random experiment;

e differentiate between outcomes and events of a random experiment;
e define probability P(E) of occurrence of an event E;

o determine P( g ) if P(E) is given;

e state that for the probability P(E), 0 < P(E) < I;

e apply the concept of probability in solving problems based on tossing a coin
throwing a die, drawing a card from a well shuffled deck of playing cards, etc.

658 Mathematics Secondary Course




Introduction to Probability

EXPECTED BACKGROUND KNOWLEDGE

We assume that the learner is already familiar with

e the term associated with a coin, i.e., head or tail
e adie, face of a die, numbers on the faces of a die

e playing cards - number of cards in a deck, 4- suits of 13 cards-spades, hearts, diamonds
and clubs. The cards in each suit such as king, queen, jack etc, are face cards.

e Concept of a ratio/fraction/decimal and operations on them.

26.1 RANDOM EXPERIMENT AND ITS OUTCOMES

Observe the following situations:

(1) Suppose we toss a coin. We know in advance
that the coin can only land in one of two
possible ways that is either Head (H) up or
Tail (T) up.

(2) Suppose we throw a die. We know in
advance that the die can only land in any one
of six different ways showing up either 1, 2,
3,4,5o0r6.

(3) Suppose we plant 4 seeds and observe the
number of seeds germinated after three days.
The number of germinated seeds could be
either 0, 1, 2, 3, or 4.

In the above situations, tossing a coin, throwing a die, planting seeds and observing the
germinated seeds, each is an example of a random experiment

In (1), the possible outcomes of the random experiment of tossing a coin are: Head and

Tail.

In (2), the possible outcomes of the experiment are: 1,2, 3,4,5,6

In (3), the possible outcomes are: 0, 1, 2, 3, 4.

A random experiment always has more than one possible outcomes. When the experiment
is performed only one outcome out of all possible outcomes comes out. Moreover, we
can not predict any particular outcome before the experiment is performed. Repeating the

experiment may lead to different outcomes.

Some more examples of random experiments are:

Mathematics Secondary Course
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When we speak of a coin,
we assume it to be fair in the
sense that it is symmetrical
so that there is no reason for
it to land more often on a
particular side.

A dieis a well balanced cube
with its six faces marked with
numbers (or dots) from 1 to
6, one number on one face

Y
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(i) drawing a ball from a bag
containing identical balls of
different colours
without looking into the
bag.

A deck of playing cards consists of 52 cards
which are divided into four suits of 13 cards

each-spades (’) hearts (') diamonds (‘)
and clubs (*). Spades and clubs are of black

colour and others are of red colour. The cards
in each suit are ace, king, queen, jack, 10, 9,
8,7,6,5,4,3, and 2. Cards of kings, queens
and jacks are called face cards.

(i1) drawing a card at
random from a well
suffled deck of
playing cards

we will now use the word

experiment for random

experiment throughout
this lesson

CHECK YOUR PROGRESS 26.1

1. Which of the following is arandom experiment?

(i) Suppose you guess the answer to a multiple choice question having four options
A, B, C, and D, in which only one is correct.

(@ii) The natural numbers 1 to 20 are written on separate slips (one number on one
slip) and put in a bag. You draw one slip without looking into the bag.

(iii)) You drop a stone from a height
(iv) Each of Hari and John chooses one of the numbers 1, 2, 3, independently.

2. What are the possible outcomes of random experiments in Q. 1 above?

26.2 PROBABILITY OF AN EVENT

Suppose a coin is tossed at random. We have two possible
outcomes, Head (H) and Tail (T). We may assume that
each outcome H or T is as likely to occur as the other. In
other words, we say that the two outcomes H and T are
equally likely.

Tossed
atrandom
means that the
coinis allowed
to fall freely
without any bias

or interference.
©

Similarly, when we throw a die, it seems reasonable to
assume that each of the six faces (or each of the outcomes
1,2,3,4,5, 6) is just as likely as any other to occur. In
other words, we say that the six outcomes 1, 2, 3,4, 5 and
6 are equally likely.
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Before we come to define probability of an event, let us understand the meaning of word
Event. One or more outcomes constitute an event of an experiment. For example, in
throwing a die an event could be “the die shows an even number”. This event corresponds

to three different outcomes 2, 4 or 6. However, the term event also often used to describe
a single outcome. In case of tossing a coin, “the coin shows up a head” or “the coin shows | Notes
up atail” each is an event, the first one corresponds to the outcome H and the other to the

outcome T. If we write the event E: “the coin shows up ahead” If F : ““ the coin shows up

atail” E and F are called elementary events. An event having only one outcome of the
experiment is called an elementary event.

The probability of an event E, written as P(E), is defined as

Number of outcomes favourable to E

P(E) = Number of all possible outcomes of the experiment

assuming the outcomes to be equally likely.

In this lesson, we will take up only those experiments which have equally likely outcomes.
To find probability of some events, let us consider following examples:

Example 26.1: A coin is tossed once. Find the probability of getting (i) a head, (ii) a tail.
Solution: Let E be the event “getting a head”

Possible outcomes of the experiment are : Head (H), Tail (T)

Number of possible outcomes =2

Number of outcomes favourable to E=1 (i.e., Head only)

So, probability to E =P(E) =P (getting a head) = P(head)

Number of outcomes favourable to E

~ Number of all possible outcomes of the experiment
1
2
Similarly, if F is the event “getting a tail”, then

1
P(F) = 5

Example 26.2: A die is thrown once. What is the probability of getting a number 3?
Solution: Let E be the event “getting a number 3”.

Possible outcomes of the experiment are: 1, 2, 3,4, 5,6
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Number of possible outcomes =6

Number of outcomes favourable to E=1 (i.e., 3)

] «—
So, P(E) = P(3) = . Number of outcomes favourable to E

Number of all possible outcomes

Example 26.3: A die is thrown once. Determine the probability of getting a number other
than 3?

Solution: Let F be the event “getting a number other than 3" which means “getting a
number 1,2,4,5,6”.

Possible outcomes are : 1,2, 3,4, 5,6
Number of possible outcomes = 6

Number of outcomes favourabletoF=5 (i.e., 1,2, 4,5, 6)

5
So, P(F) = 6

Note that event F in Example 26.3 is the same as event ‘not E’ in Example 26.2.

Example 26.4: Aball is drawn at random from a bag containing 2 red balls, 3 blue balls
and 4 black balls. What is the probability of this ball being of (i) red colour (ii) blue colour
(iii) black colour (iv) not blue colour?

Solution:

(1) LetE be the event that the drawn ball is of red colour
Number of possible outcomes of the experiment=2 + 3 + 4=9
(Red) (Blue) (black)

Number of outcomes favourable to E=2

2
So, P(Red ball) =P(E) = 9

(i) Let F be the event that the ball drawn is of blue colour

301
So, P(Blue ball) = P(F) = & = 3

(i) Let G be the event that the ball drawn is of black colour

4
So P (Black ball) = P(G) =
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(iv) Let H be the event that the ball drawn is not of blue colour.
Here “ball of not blue colour”” means “ball of red or black colour)

Therefore, number of outcomes favourabletoH=2+4=6

6 2
So, P(H) = 9°3

Example 26.5: A card is drawn from a well shuffled deck of 52 playing cards. Find the
probability that itis of (1) red colour (ii) black colour

Solution: (i) Let E be the event that the card drawn is of red colour.
Number of cards of red colour = 13 + 13 =26 (diamonds and hearts)
So, the number of favourable outcomes to E =26

Total number of cards =52

26 1
Thus, P(E) = 5—2 = 5

(1) Let F be the event that the card drawn is of black colour. Number of cards of black
colour=13+13 =26

So P(F 20_1

oPB=75"73

Example 26.6: A die is thrown once. What is the probability of getting a number (i) less
than 77 (ii) greater than 77

Solution: (i) Let E be the event “number is less than 7.

Number of favourable outcomes to E=6  (since every face of a die is marked with
anumber less than 7)

6
So.P(E)= =1

(i) LetF be the event “number is more than 7”

Number of outcomes favourable to F=0 (since no face of a die is marked with a
number more than 7)

0

So, P(F)=

=0
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CHECK YOUR PROGRESS 26.2

1. Find the probability of getting a number 5 in a single throw of a die.
2. Adieistossed once. What is the probability that it shows:

(1) anumber 77

(i1) anumber less than 5?7

3. From apack of 52 cards, a card is drawn at random. What is the probability of this
card to be a king?

4. Anintegeris chosen between 0 and 20. What is the probability that this chosen integer
is a prime number?

5. Abag contains 3 red and 3 white balls. A ball is drawn from the bag without looking
into it. What is the probability of this ball to be of (i) red colour (ii) white colour?

6. 3 males and 4 females appear for an interview, of which one candidate is to be selected.
Find the probability of selection of a (i) male candidate (ii) female candidate.

26.3 MORE ABOUT PROBABILITY

Probability has many interesting properties. We shall explain these through some examples:

Observation 1: In Example 26.6 above,

(a) Event Eis sure to occur, since every number on a die is always less than 7. Such an
event which is sure to occur is called a sure (or certain) event. Probability of a sure
eventis taken as 1.

(b) Event F is impossible to occur, since no number on a die is greater than 7. Such an
event which is impossible to occur is called an impossible event. Probability of an
impossible event is taken as 0.

(c) From the definition of probability of an event E, P(E) cannot be greater than 1, since
numerator being the number of outcomes favourable to E cannot be greater than the
denominator (number of all possible outcomes).

(d) both the numerator and denominator are natural numbers, so P(E) cannot be negative.
In view of (a), (b), (¢) and (d), P(E) takes any value fromOto 1, i.e.,

O0<PE)<1
Observation 2: In Example 26.1, both the events getting a head (H) and getting a tail (T)
are elementary events and

=1

N | =

PH) +P(T) = % +
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Similarly, in the experiment of throwing a die once, elementary events are getting the numbers
1,2,3,4,5or 6 and also
P1P2P3P4P5P6lllllll
(D+PQ+PR)+PA +PS)+P(O) = ¢ + o+ + ¢+ + 5 = Notes

Observe that the sum of the probabilities of all the elementary events of an
experiment is one.

Observation 3: From Examples 26.2 and 26.3,

Probability of getting 3 + Probability of getting a number other than 3 =

|~

ie. P(3) + P(not3)=1
or P(E) + P(notE)=1 (1)
Similarly, in Example 26.1
. 1
P(getting ahead) =P(E) = )
. . 1
P(getting a tail) = P(F) = )
So, P(E) + P(F) =

+ - =1

o | =
N | =

So, P(E) + P(not E) =1 [getting a tail means getting no head] ...(2)
From (1) and (2), we see that for any event E,

P(E) +P(notE)=1
or PE)+P(E)=1 [We denote ‘not E’by E |

Event E is called complement of the event E or E and E are called complementary
events.

In general, it is true that for an event E

P(E)+P(E)=1

2
Example 26.7: If P(E) = e what is the probability of ‘not E’?

Solution: P(E) + P(notE) =1
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So, PmotE)=1-PE)=1-

| o
| W

Example 26.8: What is the probability that the number 5 will not come up in single throw
of adie?

Solution: Let E be the event “number 5 comes up on the die”

Then we have to find P(not E)i.e. P(E )

1
Now P(E) = g
1

So, P(E)==1-7¢

_3
"6

Example 26.9: A card is drawn at random from a well-shuffled deck of 52 cards. Find
the probability that this card is a face card.

Solution: Number of all possible outcomes = 52
Number of outcomes favourable to the Event E “a face card” =3 x4 =12
[Kings, queens, and jacks are face cards]

12 3

So, P(a face card) = 513

Example 26.10: A coinis tossed two times. What is the probability of getting a head each
time?
Solution: Let us write H for Head and T for Tail.
In this expreiment, the possible outcomes will be: HH, HT, TH, TT
HH means Head on both the tosses
HT means Head on 1st toss and Tail on 2nd toss.
TH means Tail on 1st toss and Head on 2nd toss.
TT means Tail on both the tosses.
So, the number of possible outcomes = 4

Let E be the event “getting head each time”. This means getting head in both the
tosses, i.e. HH.

1
Therefore, P(HH) = n
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Example 26.11: 10 defective rings are accidentally mixed with 100 good ones in alot. It
is not possible to just look at a ring and tell whether or not it is defective. One ring is drawn
at random from this lot. What is the probability of this ring to be a good one?

Solution: Number of all possible outcomes = 10 + 100=110

Number of outcomes favourable to the event E “ ring is good one” = 100

So.py - 19010

oPE= 11071

Example 26.12: Two dice, one of black colour and other of blue colour, are thrown at
the same time. Write down all the possible outcomes. What is the probability that same
number appear on both the dice?

Solution: All the possible outcomes are as given below, where the first number in the

bracket is the number appearing on black coloured die and the other number is on blue
die.

Blue coloured die

R 2 3 4 5 6
Black 1,2 (1,3 L4 15 (1,6
coloured 2 2,3) 2.9 2,5  (2,6)
die 31 @31 3,5  (3,6)

41 @ 4,3

51 6D 52 63

6| 61 62 (63

So, the number of possible outcomes =6 x 6 =36

The outcomes favourable to the event E : “Same number appears on both dice”. are
(1, 1),(2,2), (3, 3),(4,4),(5,5) and (6, 6).

So, the number of outcomes favourable to E = 6.

6 1
Hence, P(E) = % = g

CHECK YOUR PROGRESS 26.3

1. Complete the following statements by filling in blank spaces:

(a) The probability of an event is always greater than or equal to but less
than or equal to
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(b) The probability of an event that is certain to occur is .Such aneventis
called
(c) The probability of an event which cannot occur is .Such an eventis

(d) The sum of probabilities of two complementary events is

(e) The sum of probabilities of all the elementary events of an experiment is

. Adieis thrown once. What is the probability of getting

(a) anevennumber
(b) an odd number

(c) aprime number

. In Question 2 above, verify:

P(an even number) + P(an odd number) =1

. Adieis thrown once. Find the probability of getting

(1) anumber less than 4
(i) anumber greater than or equal to 4
(i) a composite number

(iv) anumber which is not composite

. If P(E) =0.88, what is the probability of ‘not E’?

. IfP(E)=0, find P(E).
. Acard is drawn from a well shuffled deck of 52 playing cards. Find the probability

that this card will be

(1) aredcard (i1) a black card

(iii) ared queen (iv) an ace of black colour
(v) ajack of spade (vi) aking of club

(vii) not a face card (viii) not a jack of diamonds

. Abag contains 15 white balls and 10 blue balls. A ball is drawn at random from the

bag. What is the probability of drawing

(1) a ball of not blue colour (ii) a ball not of white colour

. In a bag there are 3 red, 4 green and 2 blue marbles. If a marble is picked up at

random what is the probability that it is

(i) not green? (i1) not red? (ii1) not blue?
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10. Two different coins are tossed at the same time. Write down all possible outcomes.
What is the probability of getting head on one and tail on the other coin?
11. In Question 10 above, what is the probability that both the coins show tails?
Notes

12. Two dice are thrown simultaneously and the sum of the numbers appearing on them is
noted. What is the probability that the sum is

17 @8 ()9 (@v)10 (v) 12

13. 8 defective toys are accidentally mixed with 92 good ones in a lot of identical toys.
One toy is drawn at random from this lot. What is the probability that this toy is
defective?

@mm

¢ Arandom experiment is one which has more than one outcomes and whose outcome
is not exactly predictable in advance before performig the experiment.

e One or more outcomes of an experiment constitute an event.
e Anevent having only one outcome of the experiment is called an elementary event.

e Probability of an event E, P(E), is defined as

Number of outcomes favourable to E

P(E)= Number of all possible outcomes of the experiment ’ When the outcomes

are equally likely
e 0<PE)<I

e IfP(E)=0,Eiscalled an impossible event. If P(E) = 1, E is called a sure or certain
event.

e The sum of the probabilities of all the elementary events of an experiment is 1.

e PE)+P( E )=1, where E and E are complementary events.

H TERMINAL EXERCISE

1. Which of the following statements are True (T) and which are False (F):

(i) Probability of an event can be 1.01

(i) If P(E)=0.08, then P(E )=0.02
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(iii) Probability of an impossible event is 1
@iv) ForaneventE,0<P(E)<1

() P(E)=1+P(E)

2. Acardis drawn from a well shuffled deck of 52 cards. What is the probability that this
card is a face card of red colour?

3. Two coins are tossed at the same time. What is the probability of getting atleast one
head? [Hint: P(atleast one head) = 1 — P(no head)]

4. Adieis tossed two times and the number appearing on the die is noted each time.
What is the probability that the sum of two numbers so obtained is

(i) greater than 127 (ii) less than 127
(iii) greater than 117 (iv) greater than 2?

5. Referto Question 4 above. What is the probability that the product of two number is
12?7

6. Referto Question 4 above. What is the probability that the difference of two numbers
is2?

7. Abag contains 15 red balls and some green balls. If the probability of drawing a green

1
ball is g , find the number of green balls.

8. Which of the following can not be the probability of an event?

2
(A) 3 (B)-1.01 (©) 12% (D)0.3
9. Inasingle throw of two dice, the probability of getting the sum 2 is
ol .l ol o3
A5 B) 1q ©3 O

10. In a simultaneous toss of two coins, the probability of getting one head and one tail is

ol 1 1 2
A 3 ®) © D) 3

)
ANSWERS TO CHECK YOUR PROGRESS

26.1
1. (1), (1) and (iii) 2.()A,B,C,D i 1,2,3,..,20
(1) (1,1),(1,2),(1,3),(2,1),(2,2),(2,3), (3, 1),
(3,2),(3,3)
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26.2
1 ! 2.(1)0 i) 2 3 L 4 Ll
T 6 - i3 13 19
L3 LD 3 4 Notes
5. My (i) 3 6. (1) 7 (11)7
26.3
1. (@)0,1 (b) 1, sure or certain event (c) 0, impossible event
1 (e)1
oL 1 1
. (@) 5 (i1) > (ii1) >
Wl 1 1 2
OESN (i) (i)
5. 0.12 6.1
_ 1 o1 Lo L L s L1
SOESEN 5 i) W Mg ™) 5
10 sl
(vii) 3 (viii) 5
. o3 2
O (i)
o 5 .2 L1
-0y (i) (iif)
10. HH, HT, TH, TT, %
oL B R 1 1 1
3 Wy ) (i) ; W3
13 2z
" 25
[ )
{ ANSWERS TO TERMINAL EXERCISE
1. GF )T (i) F )T v)F
) 3 3 3 4.0 01 Lo 1 1
Y ‘2 (1) (i1) (iii) 36 @iv)
1 2
5. 9 6. 9 7.3 8.(B) 9.(C) 10. (C)
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Practice Work-Statistics

Maximum Marks: 25 Time : 45 Minutes

Instructions:

1. Answer all the questions on a separate sheet of paper.
2. Give the following informations on your answer sheet
Name
Enrolment number
Subject
Topic of practice work
Address

3. Get your practice work checked by the subject teacher at your study centre so that
you get positive feedback about your performance.

Do not send practice work to National Institute of Open Schooling

1. Inadata, how often a particular score occurs is known as 1
(A) Frequency
(B) Cumulative frequency
(C) Class size
(D) variate

2. The frequency of class 40-50 in the following cumulative frequency table 1
Class 10-20 20-30 30-40 40-50 50-60 | 60-70
Cumulative 15 45 70 80 100 110 |1is
frequency
(A) 80 (B)25
© 10 (D) 20
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3. Themeanof 12,16, 15and 17 is 1
(A) 14.5 (B) 15
©)15.5 (D) 17
4. Ifeach variate of a data is increased by 5, then arithmetic mean 1
(A) remains the same
(B) isincraesed by 5
(C) is 5 times the original mean
(D) is decreased by 5.
5. Median of the observations 8,9, 16, 15, 11, 13, 12, 14, 101is 1
(A) 10 (B)11.5
©)12 (D) 125
6. Apair of dice is thrown once. Write all the possible outcomes. 2
7. Two coins are thrown once. What is the probability of getting atleast one head? 2
8. Adieis thrown once. Find the probability of getting a prime number. 2
9. The median of the following observations arranged in ascending order is 32. Find the
value of a. 2
12,14, 15,27, a+ 2, a + 3, 35, 36, 40, 49
10. Find x, if the mode of the observations 2
15,16, 19, 12, 13, 16, 12, 12, 12, 16, x is 12.
11. Draw a histogram of the daily pocket expenses of 125 students of a school given
below: 4
Daily pocket expenses Number of students
(in%)
10-20 20
20-30 30
30-40 25
40-50 35
50-60 15
OR
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(For visually impaired learner only)

Read the histogram given below and answer the questions that follow:

T 20 -
2 16 A1
=
@
E
% 121
L
=]
5 8-
E-}
g
S
z 4 4

0 .

10 20 30 40 50
Marks obtained —»

(i) How many students obtained marks between 20 and 40?
(1)) How many students obtained marks less than 20?

12. The mean of the following distribution is 35. Find the values of x  and x, if the sum of

frequencies is 25. 6
Classes 0-10 | 10-20 | 20-30 | 30-40 [ 40-50 | 50-60 | 60-70
Frequencies 1 X, 5 7 X, 3 1
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QUESTION PAPER DESIGN

Subject : Mathematics

Secondary Course

Marks :

85

Time : 25 Hrs

1. Weightage by Objectives

S. No. Objectives Marks % of Total Marks
1. Knowledge 25 30% approximately
2 Understanding 42 50% approximately
3. Application 10 11% approximately
4 Skill 8 9% approximately
2. Weightage by Types of Questions
S. No. Type of No. of Marks Estimated Time
Questions Questions (in Minutes)
1. Long Answer 3 18 10 x3 =30
2. Short Answer 8 32 8x6 =48
3. Short Answer 10 20 3x10=30
(2 marks questions)
4. Very Short Answer 15 15 2x15=30
(1 mark questions)
Total 36 85 138 Minutes

3. Weightage by Content

* 12 min for revision

S. No. Module Marks

1. Algebra 20
2. Commercial Mathematics 08
3. Geometry 25
4. Mensuration 10
5. Trigonometry 10
6. Statistics 12

Total 85




SAMPLE QUESTION PAPER
Subject : Mathematics (211)

Secondary Course

Max. Marks : 85 Time : 2% Hrs

Note : 1. Question Numbers (1-10) are Multiple Choice Questions. Each question carries one
mark. For each question, four alternative choices A, B, C, D are given, of which only
one is correct. You have to select the correct alternative and indicate it in the box
provided against each question by writing A, B, C or D as the case may be.

2. Question Numbers (11-15) are very short answer type questions, each carrying 1
mark. Here the answer can be one word or one sentence or as per the exact require-
ment of the question.

Question Numbers (16-25) carry 2 marks each.
Question Numbers (26-33) carry 4 marks each.
Question Numbers (34-36) carry 6 marks each.

AN NS

All questions are complusory.

1. Interms of powers of prime numbers, 1260 can be written as :

(A)2*x3x5 (B)2>x3*x5x7 (C)2x3*x5%x7 (D)2*x3x5x%x7? |:|
2. Theproductof 2x—3and (2x+3)is:

(A)2x*>-3 (B)4x>-3 (C)4x*-9 (D) 4x*+9 I:I
3. 0.35% expressed as adecimal, is equal to :

(A)0.35 (B) 0.035 (C) 0.0035 (D) 3.5 I:I
4. 15%of 10801is:

(A) 161.20 (B) 162 (C) 322.40 (D) 3224 I:I

5. InFig. 1, ABCisatriangle in which

Y

AB =BC and £ B =40°, then x equals : Fig. 1
(A) 1100 (B) 1200 (C) 1400 (D) 700 I:I

6. InFig.2,if ZBPQ=36°,theny equals

i



10.

I1.

12.

13.

(A)36° (B)72° (C) 46° (D) 48° I:I
In Fig. 3, ZACD =80° and ZCBD =45,

then the value of x is

(A)50° (B) 55° (C)35° (D) 135° I:I

The value of tan 1°. tan 89°is :
A l B E O)1 D L
(A) 5 (B) 3 (€) D) 75 [ ]

IfSing = % , then cos @ equals :

\b* —a’ Va’ -b’ b b
A ~— B~ — (O = (D)—
(A) 5 (B) 5 o a2 (D) . |:|
In a frequency distribution, the class mark of a class is 10 and its width is 5. The lower limit of class
s
(A)S B)7.5 ©) 10 (D) 125 I:I
A
3cm
In Fig. 4, DEIIBC,BC=6 cm, DE=4.5cm D E
and AE =3 cm. Find the length of AC. 4.5cm
B C
6cm
Fig.4
p
s 2cm
In Fig. 5, a circle with centre O has radius 1.5 cm. :’
If PT is a tangent to the circle at P, find the length of OT. o

Fig.5

Find the area of a trapezium whose parallel sides are 20cm and 16cm, distance between these
sides is 6cm.

11



14. Find the volume of a right circular cylinder of radius 1.4 m and height 10 m.

15. Find the median of the data, 2,1,5,7,1.

16. The Sthterm of an A.Pis 14 and its 12th term is 35. Find the first term and the common difference

ofthe A.P.

17. The HCF of two polynomials x*— 5x + 6 and x*— 7x + 12 is x 3. Find the LCM of the polynomi-

18.

19.

20.

21.

22.

23.
24.

25.
26.

als.

In what time will Rs. 2700 yield the same simple interest at 4% per annum as Rs. 2250 in 4 years
at 3% per annum?

7 (MNA

In Fig. 6, the sides of a triangle ABC are produced in
order to form the exterior angles 1, 2 and 3. show that 1

B
L1+ L2+ £3=360° //3 C
Fig. 6
C

Two line segments AB and CD bisect each other at O, as
shown in Fig. 7. Prove that B

CA=BD

\ 4

In Fig. 8, triangles ABC and DBC are on the same base
BC and between the same parallel lines 1 and m. If ar
(AABC) =18 cm? and DL | m, find the length of DL
when BC=4.5cm

> m

r
B C L

A circular garden of radius 15m has a 2m wide circular path inside arround it. Find the area of the
path.

Find the radius of a sphere whose surface areais 616 cm?.

Evaluate : Cos 43°. Cot 79°—Sin 47°. tan 11°
A pole of height 6 m casts shadow of 2,/3 m on the ground. Find the Sun’s elevation.

Evaluate a’+b3, if a+b =7 and ab = 12.

v



27.

28.

29.

30.
31.
32.

33.

34.

35.

36.

A two digit number is such that the product of its digits is 12. When 36 is added to the number, the
digits interchange their places. Find the number.

A mobile set is marked at Rs. 3880 cash or for Rs. 840 cash down payment followed by three equal
monthly instalments. If the rate of interest charged under the instalment plan is 16% per annum, find
the monthly instalment.

In Fig. 9, the perimeter of A ABC is 27 cm. The incircle
of A ABC touches the sides AB, BC and AC at P, Q
and R respectively. If PA=4cm and QB =5 cm, find
length of QC.

Fig.9
Construct a APQR in which PQ =5 cm, QR = 4.2 cm and the median RS =3.8 cm.

Find the total surface area of a solid cone whose volume is 12936 cm? and base radius is 21 cm.

Standing on the top of a tower 80m high, a person observes two cars on the opposite sides of the
tower. If their angles of depression are 45° and 30°, find the distance between the cars.

[Use 3=1.73 ]
The lengths (in mm) of 70 leaves were measured and recorded as given below
Length (mm): 110-120  120-130 130-140 140-150 150-160  160-170
Number of Leaves : 10 12 20 15 8 5
Find the mean length of a leave.

A man sold a chair and a table together for ¥ 2100, thereby making a profit of 25% on the chair
and 10% on the table. By selling them for ¥ 2130, he would have realised a profit of 10% on the
chair and 25% on the table. Find the cost price of each.

In aright triangle, prove that the square on the hypotenuse is equal to sum of the squares on the
other two sides.

An aircraft has 120 seats for passengers. The number of seats occupied during 100 flights is given
below

Number of seats Frequency
100-104 15
104-108 18
108-112 34
112-116 16
116-120 17

Find the mean number of seats occupied.



MARKING SCHEME

1.(B) 2.(C) 3.(C) 4.(B) 5.(A)
6. (D) 7.(B) 8. (C) 9.(A) 10 (B)
I1.4cm 12.2.5cm 13.108cm?> 14.61.6m* 15.2

16.a+4d=14 anda+ 11d =35

17.

18.

19.

20.

21.

Getting d=3 anda=2

First Poly.xSecond Poly.
HCF

LCM =

(x2 —5x+6)x* —7x+12)
x=3

= (x*=5x+6)(x—4)=x" —9x* +26x—24

2250x4x3

Interest in first case = Rs. [ 100

j =Rs 270

In second case P = Rs. 2700, Rate = 4%, t=?,1=Rs. 270

270x100 1
t= =2

T 2700x4 2
) Z1 + Zx = 180° (ii) £2 + Ly = 180°
(iii) £3 + £z =180°

= (L1 + L2+ £3) + (Lx + Ly + Lz) = 540°

3
=L+ L2+ £3)=360° -+ Lx+Ly+£z=1807) //

In As BDO and ACO

OB = 0A, OD = 0C, ZBOD = ZAOC (vert. opp. £s)

- ABDO=AACO

-. BD=CA (cpct)

Area (AABC) =Ar (DBC) = 18 cm? (A’s on the same base and between same parallels)

1
Ar (ADBC) = - (4.5)x DL = 18 e’

18x2
= DL =
15 or 8 cm

vi

B

N | =

| =

N | =

| =

=

N | =

.1



22.

23.

24.

25.

26.

27.

Outer radius of circular path=15m

Inner radius of circular path=13 m

22
. Areaofpath = 7(152 —132)m2

=176 cm?

Surface area of sphere = 616 cm?
s 4nrr =616

4><2><r2 =616
7
, 616x7
=r° =
88
r=7cm

Sin 47° = sin (90 — 43)° = cos 43° =cot (90 — 11)° =tan 11°

. Resulting expression = cos 43° tan 11° — cos 43° tan 11°=0

Let sun’s elevation be 0.
i le)
sotan O = 2\/5 = tan 60
0 =60°
a+b=7,ab=12
= (a+b)’=a’+b*+3ab(a+b)

343=(a’+b¥)+3x12x7

=a’+b*=343-252 =91

Let x be ten’s digit and y be unit’s digit

12
" xy:123y=?

10x+y+36=10y+x=>x-y=-4

.'.x—22—4:>x2+4x—1220
X

6m

vil

N | =

N | =



28.

29.

30.

x =2, -6 (Rejecting — 6)

x=2

Sy=6

.. The number is 26.
Cash Price = Rs. 3880
Cash Down =Rs. 840, Let monthly instalment = x
.. Interest paid = Rs (3x — 3040)
Principal paid for
Ist month = Rs 3040
2nd month =Rs (3040 —x)
3rd month =Rs (3040 — 2x)

Total principal for one month =Rs (9120 —3x)

Interest = 16%

16 1
- (9120-3x )% ~2 x L = (3x — 3040
( X)X100X12 B )

= x =Rs 1040

.. Monthly instalment = Rs 1040

PA =PB (length of tangents from an external point) =4 cm

Similarly PB=QB =5cm

LetQC=x=CA

s (4x2+5%2+2x)=27 cm

=x=45cm

= QC=45cm
1. Draw PQ =5cm Correct construction: 3
2. Bisectitat S correct steps : 1

3. With S and Q as centres and respective radii 3.8 cm and 4.20 cm draw arcs to ingersect at R

viil

| =

N | =

N | =

N | =

N | =

| =



4. Join PR and QR Q

. PQR s the reqd. triangle.

=
~
-

W
(@]
k____;_a..g________
(@)

31. Lethand!be the height and slant height of cone
1
Volume = 37 r’h
%x%x (21 xh =12936

=h=28cm
Again, > =28? + 212 = 357

22
. Total surface area = 7>< 21[35+21] em?

=3696 cm?

32 E:tan450
- OB

— PQ =QB =80m

PQ_amor=L o AQ=80+/3m
AQ

NG

- AB=80(1++/3)m =218.4m
33. Finding class marks as 115, 125, 135, 145, 155, 165
Plotting the points (115, 10), (125, 12), (135, 20), (145, 15), (155, 8), (165, 5)

20 -
18
16 -
14 4
12 4
10

(=] N A O ©
1 1 1 1

115 125 135 145 155 165

X

N |~



34.

35.

36.

Let the cost of chair be x and that of table be y (in rupees)

JRELL VT
410

LRI IEN
10 4

solving to get x = Rs. 800, y =Rs 1000

Correctly stated Given to Prove, Construction and Figure

Correct Proof

Class marks (x,) 102 106 110
f 15 18 34

d =x-110 -8 —4 0

fd -120 =72 0

11

8

f.d.
Mean = a+L=110+—=110.08
Zf 100

i

114
16

64

118
17 = 2£:100
8

136 2fd=8



Feed back on Lessons 10-26

= _ _
1
m “ Lesson Lesson Name Was the Content Was the language Were the What you have learnt is “
Q No. Illustrations
m _ Easy | Difficult | Interesting | Confusing | Simple | Complex | Useful | Not Useful | Very |Somewhat| NotHelpful _
A _ helpful| _helpful _
=9 10.
< _ 1. _
| 12. |
_ 13. _
s |
| |
_ 16. _
_ 17. _
18.
N T |
_ 2. _
21 _
2. _
2. _
2%, _
g 2. _
=]
= 26. _
g
s = _d Jm“M “
= W M Feed back on Questions M_rm _
9
_.w ~ _ Lesson No. | Lesson Name Intest Questions Terminal Questions [
w Useful Not useful Easy Diff. Vdiff. |
2 Dear learners, 0. _
2 You must have enjoyed going through yours course books. m _
m It was our endeavor to make the study material relevant, 3 _
DO.. interactive and interesting. Production of course books is a 14. _
_.m two way process. Your feedback would help us improve the #w _
< study material. Do take a few minutes of your time and fill- 17. _
m up the feedback form so that an interesting and useful study #w.
Im.. material can be made. 20. “
21
@ Thank you 22. |
PR
Course Co-ordinator 24. _
Mathematics __rM\ 25, _
26. _
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