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ARITHMETIC PROGRESSIONS

51 INTRODUCTION
In earlier classes, you might have come across various patterns of numbers like

]J 3: 5; ?, (']_r ...........

0, =3 ~4, -6, -8,

1, 4, 9, 16, IR e
ctc.

These patterns are generally known as sequences. In this chapter, we intend to study a
particular type of sequences which are known as arithmetic progressions.

5.2 SEQUENCES
As mentioned above that an arrangement of numbers of which one number is designate

the first, another as the second, another as the third and soonis known as a sequence.

d as

Consider the following arrangement of numbers:
i 8, 27, 64, 125,

1 4 1 : J—.
t 5’ 8 1’ 5
2, 4, G, 8, 10,

ments numbers are arranged in a definite order according to
some rule. In the first arrangement the numbers are cubes of natural numbers and in the
second arrangement the numbers are reciprocals of natural numbers whereas in the third
arrangement the numbers are even natural number. Each of the above arrangements isa
sequence. Thus, we may define a sequence form ally as follows:

sment of numbers in a definite order according to some rule.

In each of the above arrange

DEFINITION A sequence is an arrange
a sequence are called its terms. We denote the terms ofa

_ete. Here, the subscripts denote the positions of the
ace is called its first term of the sequence and is
denoted by a,. The number at the second place is called the second term and is denoted by a,
and so on. In general, the number at the iith place is called the nith term of the sequence and is
denoted by a,,. The nth termis a lso called the general ferm of the sequence.

Forexample, 2, 4, 6, 8, 10, ... isasequence whose
2ie., ;=2; second termisdie., a,=4

The various numbers occurring in
sequence by a;, a,, as, ... efC. Or X, 5, 45, -
terms. First number or the number at first pl

first term is
third termis6ie., dy = 6:fourth termis8ie., a, =8

and so on.

5.1
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Similarly, 1,4,9,16,25, . isa sequence such that

-4, 01, = 9, ay =16,a- = 25 and soon.
Often, it is possible to express the
terms of an algebraic formul
e, 2,4,6,8,10, ...

We have,

@) = Firstterm =2 = 2«1, A, = Second term = 4 =2x2
Ay = Third term = 6 = 2 x 3

3, ay = Fourthterm =8 = 2x 4
a5 = Fifth term =10 = 2 x 5, a, = sixthterm =12 = 2x6

am =1,a,

rule which generates the various terms of a se

s quence jp
a. For example, consider the sequence of ev

ennatural numbers

and so on.
Itis evident from this that

a, =nthterm = 2xn =2y

Let us now consider the sequence of squares of natural numbersi.e., 1,4,9, 16, 25,
Here, we have

N

m=1=1"
and so on.

It follows from this that

v M =4=2%0=9=3,0,=16=4% g, = 25 = 5

v g =36 = 6°

a, = nth term = n*
Similarly, consider the sequence of odd natural numbersi.e,, 1, 3,5,7,9.11,..
We find that

g =1=2x1-1, ﬂj=3=2K2—1,ﬂ;‘——5=2x3-1,ﬂ4 =7=2x4-1
and so on.

In general, a, =2xn-1=2n-1.

[t follows from the above discussion that a sequence can be described either by listing its first
few terms till the rule for writing down the other terms becomes clear or, by writing the
algebraic formula for the nth term of the sequence.

For example, the sequence of even natural numbers i.e., 2,4,6,8,10,..

. can be described
as

a, = 21, wheren = 1,2,3,....
Similarly, the sequence of odd natural numbers i.e., 1, 3,5,7,9,....can be described as
a, =2n-1,wheren =1,223,4,...

1
The sequence, 1.5, 5.7+ canbe described as

*

| —
|-

1
a, = —,wheren=1,23,:
n

The sequence 1, 4, 9, 16,... can be described as
@, = n®, wheren =1,2,3,4,...

In the above discussion, we have seen that a sequence can be described by listing its first few
terms till the rule for writing down the other terms becomes clear. We can also describe a
sequence by writing the algebraic formula for its .ch term or general term. In some cases,
the terms of the sequence do not follow some fixed pattern byt they are generated by
some recursive relation,

Consider for instance, the sequence, 1,1,2,3,5,8, ...
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Here, we have

iy = l,a; = ]

ay=2=1+1=a,+a,

A, =3=1+2=0n, +a;

s =5=2+3=05 +0

a, =8 =3+5=ay +asand soon
In general

a =a, ;+a, ;forn>2

Thus, the above sequence is described as
a, =1,a, = land a, = a,  +4a, - for alln > 2.
Let us now discuss some examples to illustrate the applications of what we have discussed

so far.

ILLUSTRATIVE EXAMPLES

LEVEL-1 I

Write the first three terms in cach of the sequence defined by the folloteing:

EXAMPLE 1
i) a,=3n+2 (i) a, = n*+1
SOLUTION (i) Wehave, a, = 3n+2
Putting n= 1,2, and 3, we get
4 =3x1+2=3+2=),
i =3x2+2=6+2=8,

n.1=3x3+2=9+2:11

Thus, the required first three terms of the sequence defined by a, = 3n+ 2 are5,8,and 11.

(i) Wehave, a, = n +1
Putting n=1, 2, and 3, we get
a =1+1=1+1=2,
G, =2 +1=4+1=5

and, a; =3 +1=9+1=10.

Thus, the first three terms of the sequence defined by a, =n”~ +1 are 2, 5, and 10.

EXAMDPLE o Write the first five termis of the sequence defined by a, = (-1)" -1 ot

SOLUTION We have, a, = (-1)""' 2"
Puttingn=1, 2, 3,4, and 5, we get
ay = (1) "' x2 = (1) x2=2
a5 =1 x2V = (1) x4 =4
=(-1"'x2 = (-1 x8=8

ity
gy = (-1 x2 = (-1) x 16 = -16
and, i =l Ve 2= (-1* %32 = 32.
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nn-23)
n+ 4

EXAMPLE 3 What is 181h term of the sequence defined by a,, =

SOLUTION  We have, a nin - 3)

" <4
Putting n = 18, we et

1Bx(18-3) 18x15 135

Qg = —

18 + 4 2 1

IXAMPLE 4 Asequence is defined by A, =

'~ 6n* + 11n - 6, Show that the first three t¢
the sequence are ze

roandall other terms are positive.
SOLUTION - We have, g4,
Putting 1=1,2,3, we get

rms of

=0’ —6n + 1n-6

a = (1 —axF+11x1-b=1-a+n-a=12-12=n

a, ‘—-2]—{1!21+11x2—6=8—24+22-6=3{]-_3(]—_-0

iy =3 -6!3:+11x3-—6:2?_54+33_5=5(}._f,g=0
Thus, we have

and,

B =y =ay=0

Weobservethat a, =i — 6n2 4 111 - 6 isa cubic polynomial in 1 and it vanishes for n = 1,
2, and 3. Therefore, by factor theorem (n-1), (n-2) and (1-3) are factors of .
Thus, we have

@, =(n-1)n=2)(n - 3)

In this expression, if we substitute any value of n which is greater than 3, then each factor on
the RHS is positive. Therefore,

a, >0 forall n > 3.

Hence, first three terms of the sequence are zero and all other terms are positive.

EXAMPLE 5 Let a sequence be defined byay=3,a = 3a, , +1 forall n > 1.
Find the first four terms of the sequence.

SOLUTION  We have, a; = 3

-

and, a, =3a, , +1 for all 1 > 1.
Putting n =2, 3, and 4, we get
=30 +1=3x3+1=10
Ay =3, +1 =3x10+1=31
and, ap =3y +1=3x31+1=94
Hence, the first four terms of the sequence are 3, 10, 31 and 94

1]

ENAMPLE 6 Leta sequence be defined by 4G =1 a,= ]m:d',ﬂn =0y, +a, o forall n>2.

Find et ora=1234%
a,

\r
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cOLUTION We have, &, = 1, a, =1
and, a,=a, ,+a,, forall n>2

putting 11 =3, 4, and 5, we get

Ay =ay +a; =1+1=2 4
and, as =0y +03=3+2=35
Thus, we have
ay=1a=1a=2a=3anda; =5
Ay
Now, putting n=1,2,3and 4in ~;'—1 we get :
" T
i\ d f
L -
ﬂj_l 1 [. ﬂ1=ﬂ2=1]
4 _ 2 _
az_l-z [+ a, =1 and az =2] j
A d ¥4
5 3 [+ ;=2 and a, = 3] . f;z'
ag _ 5 I
3 [ ag=3and a5 =5] ;

EXERCISE 5.1

| s =2
[| 'y f“

1. Write the first five terms of each of the following sequences whose nth terms are:

(i) ﬂ'"=3ﬂ+2 (11} an=n;2 (!J.l) ﬂn=3"
i - nooAn . — ]
@) a, =22 ) a, =(D" .2 iy =2
5 2
. _ on—73
(vii) @, =n> —n+1 (vii) a, =20" =3n+1 %) a, ==
3. Find the indicated terms in each of the following sequences whose nth terms are:
. -2,
(i) a, =5n—4;a;,anda;s @) MW= 5 and ag

(i) a, =n(n-1)0- 2); a5 and ag (iv) a, =Mm=12-n)3+n); a,,a,,a3

V) a, = (-1)"n;as, a5, a
3. Find the next five terms of each of the following sequences given by:

(i) a, =1,a,=0a,, +2,n22 (i) @y =@y =2,a,=0a,,-3,n>2

. .
’:11 , W22 (iv) @ =44, =4a,, +3,n>1

(iil) ﬂ], = _'_1'! 'ﬂ" =

o
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P - N 1 1 2
1 4 7
(l]]} Ii'1 =3, ”: :9, ﬁ‘; '—"2?; I'l'__‘ =8]' ﬂs :243 {n‘,r) {]'] =—, ﬁ:,_ :—-Jﬂ'-* Z—-,ﬂ4 :2’ ﬂ'i :_1_3_
5 . 5 5
, g _ " ; = 3 15
(v) M= = 5 =4, ﬂ]——s,ﬂ_l-lﬁ' fl= =—32 (‘U]) ) =—,f, :nrﬂj} =—,0, &b = 2
' Z 5 2 g

(vii) a; =1,a,=3,a, =7, My =13,a; =21  (viii) M =0,0, =3,ay =10, a, = 21, a5 = 36

i mel e E 5 7
1X =_'_r‘7:_t't ==, = =il ==
WG =gt ol 2" T g

. 19 22
2 (i) a3 =56,a4,5 =71 (i) & = —, 05 =

33 _3? [lﬂ) ﬁ's = 60, .ﬁﬂ = 336
(V) ay =0,0, =0, 0y = -12

_—

(V) a3=-3,45=-5,a, =8
3. (t] ﬂz = 3, ﬂt =5' ;'.l; = ?' ”:,_l = 9[ 'ﬁi'l - l‘l

I‘,li] iy = _1, I'I'4 = —'4,“5 = —'7, ﬂ'[‘l = —1{]r ﬂ? = =13

(iii) a ]n L ! 1 a ! 1 .
3 = ==, s ——yfly = ——, =_— iy = ——
T2 T g T T ST T g 720

5.3 ARITHMETIC PROGRESSION (A.P.)

Inthis section, we shall discuss a particular type of sequences in which each term, except the
first, progresses ina definite manner. Consider for instance, the following sequences
(i) 1,4,7,10,13, .... (n) 12,7,2,-3,-8, ...
(i) -9,-7,-5,-3,-2,1,3

Foulg sann

Ineach of these sequences every term except the first is obtained by adding a fixed number
(positive or negative) to the preceding term. For example, in the sequence given in (i), each
term is obtained by adding 3 to the preceding term. In the sequence given in (ii) each term is —

5 more than the preceding term and in the sequence given in (iii) each term is obtained by
adding 2 tothe preceding term.

All these sequences are called arithmetic sequences or arithmetic progressions abbreviated
as A.P. Thus, we may define an arithmetic sequence as follows:

ARITHMETIC PROGRESSION (A.P.) A sequence @y, ay, aa, ..., @, ... is called an arithmetic
progression, if there exists a constant number d such that

a, =ay +d

ay =@y +d

iy =fiy + d

a, =a, , +dandsoon,

H n

The constant 'd" is called the common difference of the A.P.
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Thus, if the first term is @ and the common difference is d, then

a,a+d,a+2d, a+3d,a+4d,............

is an arithmetic progression.

In other words, a sequence ay, dy, iy, .., My « 19 call
difference of a term and the preceding term is always
common difference of the A.P.

Thus, if ay, @y, A3, ., @,y - isan AL, with common difference ‘d’, then,

ed an arithmetic progression if the
constant. This constant is called the

ﬂz - ﬁ'l - d
IT_‘ - l'.'llf:_‘ = d

a, —a, ; = dand soon.

ILLUSTRATION 1 Thesequencel,4,7,10, 13, ... isan A.P. whose first term 1s 1 and the commmon
difference is equal to 3.

ILLUSTRATION 2 Thesequence 11,7, 3,—1,...isan A.P. whose first term is 11 and the common

difference is equal fo— 4.
It follows from the above discussion that the sequence @y, 8y, A3,y Qo Myiys-e is an A.P. with
common difference'd” ifand only if

. —a, =dforn=12, 3,4, ..
This suggests us the following algorithm to determine whether a sequence is an A.P. or not
when we are given an algebraic formula for the general term of the sequence.

ALGORITHM
STEP 1 Obtanra,
s1Er 11 Replace nby (n+1) ina,togeta,,

step i Caleulateay, =y

stip 1ty Check the value of @y, — If @y, =y 15 independent of n, then the given sequence is

an A.P. Otherwise it is notan AP,

ILLUSTRATION 3  Show that the sm]rm'nrvdc;fmnf by a, = 4n+5 isan A.P. Also, find its contmon

difference.
SOLUTION Wehave, @, = 4n+5
Replacing n by (i1 + 1), we get

f,,, =4(n+1)+5= 4n+9

N[)“r’ Aoy — H” — (:"-l-” + 't_}} —_ ("-}” + 5) =4
Clearly, A,y — My 18 independent of 1 and is equal to 4.

So, the given sequence is an A. I withcommon difference 4.

x
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ILLUSTRATIVE EXAMPLES

| LEVEL-1

Show that the sequence defined by a, = 20 + 1 isnotan A.p.
SOLUTION  We have

ILLUSTRATION 1

i y= 2% 1
Replacing nby (11 + 1) in a,, we obtain

Moy =2n+17° +1=21% + 40 + 3

Now, By =B = (202 + dn 4 3= (27 + 1) =dn+2

Clearly, a,,, —a, is not independent of n and is therefore not con

stant. So, the given
sequence isnotan AP,

ILLUSTRATION 2 Show that a sequence isan A.P., if its nth term is a lincar
such a case the common difference is cqual Lo the coefficient of n.
SOLUTION  Let there be a sequence whose ith term is a |

Xpression in nand in

inear expression in i
Le. a, = An + B, where A, B are constants.

Moy =0, =|A(m+1)+Bl-[An+B] = A

Clearly, a,., —a, isindependentof i and is therefore a constant. So, the

sequenceisan AP
with common difference A.
NOTE - Readers may use the above statement as a standard result.

ILLUSTRATION 3 The nth term of a sequence is 3n-2. Is the sequencean A.P.? If so, find its 104
term.

SOLUTION We have, a, = 3n-2.

Clearly, a, is a linear expression in n. So, the given sequence is an A.P. w
difference 3.

Putting n = 10, we get
Ay =3x10-2=28

RENIARK I is evident from the above examples that a sequence is not an A P.
linear expression in n.

ith common

ifits nth term is not a

: EXERCISE 5.2
LEVEL-1]

1. Show that the sequence defined by a, = 51 - 7 isan AP,

,find its common difference.
2. Show that the sequence defined by a, = 31" - 5 isnotan AP,

3. The general termof a sequence isgivenby a, = ~4j1 4 15, [sthe sequencean A.P.2 If so,
find its 15th term and the common difference.

1. Write the sequence with nth term:
(i) a, =3+4n (i) a,=5+2n (i) a, =6-n (iv) 8, =9=5n
Show that all of the above sequences form A.P.
The n" term of an A.P. is 61 + 2. Find the common difference. |CBSE 2008]

un
.

v
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6. Justify whether it is true to say that the sequence having following n term is an ALP.
() a,=2n—1 (i) a, =30 +5 (iii) a, =1+n+n°

- ANSWERS
1. 5 3. a,; = - 45, Common difference =—4
4. () 7,11,15,19,... (i) 7,9,11,13,... (iii) 5,4,3,2,1,0,—1,...(iv) 4,-1,-6,- Tl

ILLUSTRATIVE EXAMPLES

LEVEL-1

EXAMPLE 1 Writean A.P. whose first term is 10 and contmont difference is 3.
SOLUTION We know that if o is the first term and « is the common difference, then the
arithmetic progression is

ma+d,a+2d,a0+3d,...
Here, a=10and d=3.
So, the arithmetic progressionis 10, 13, 16,
EXAMPLE 2 Writean A.P. having 4 as the first term and =3 as the comnion difference.
SOLUTION  The arithmetic progression with first terma and common difference dis given

by

19,23;.....

a,a+d,a+2d,a+3d,...
i.e., each term is obtained by adding ‘" to the preceding term.
Here, a=4andd=-3.
So, the arithmetic progression is

4.4+ (=3),4+2x(=3),4+3(=-3)4+4(-3),...

{-"-r 4,1,—’2,—5,"‘8,...
EXAMPLE 3 Writean A.P. whose first term and common difference are —1.25 and = 0.25 respec-
tively.

SOLUTION Here,a =-1.25and d =-0.25

S0, the arithmetic progression is
-1.25, - 1.25 + (- 0.25), — 1.25 + 2{ 0.25), = 1.25 + 3 (- 0.25), ...

or, "'12.5‘, - ].AS[L_ [?5.- o 2: ies

EXAMPLE 4 For the following arithonetic progressions wri te the first term and common difference

(1) l,E.E,E,... (i) 0.6,1.7,2.8,39,...
333 3
SOLUTION (i) We have,

Clearly, the difference betweena term and the preceding termiis same and is equal to 3

I 4
S0, the given sequence is an A with first term 3 and common difference ="
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(1) We have,
17-06=1128-17 < 1.1,39-28 =11

So, the given sequence is an A P, with first term 0.6

and common difference 1.1
FXAMPLE 5§

Inwhich of the following situations, the se
(1) Number of students left in the school auditorium
they leave the auditorium in batches of 25.

quence formed will forman A.p.»

from the total strength of 1000 students when

(1) The amount of money in the account cvery year when 100 are deposited annually to accumilate
at compound interest at 4% per amnum,

SOLUTION (1) We have,
Total strength of students in the auditorium = 1000

Number of students left in the auditorium when first batch of 25 students leaves the
auditorium = 1000 -25 =975

Number of students left in the auditorium when second batch of 25 students leaves the
auditorium =975 - 25 = 95()

Number of students left in the auditorium when third batch of 25 students leaves the
audiotirum =950 - 25 =925 and so on.
Thus, the number of students left in the auditorium at differe

ntstages are
1000, 975, 950, 925, ...,

Clearly, itis an A P. with first term 1000 and common difference - 25.

(1) We know that if P is the principal and % per annum
compound annually, then the amount A

A ."{ 1+ L]
100

Here, P=100and r = 4.

is the rate of interest,
»at the end of n years is given by

wn

A —1ﬂﬂ[l+ : T—Iﬂﬂx[z—ﬁJ =100 = (1.04)"
i w00 25 '

Thus, the amount of money in the account at the end of different years is given by
T100 x 1.04, T100 x (1.04)*, T100 = (1.04)°, .

or, T104, T108.16,3 11248, ...

Clearly, it is not forming an A.P.

EXAMPILF o Find the
3,-2,-7,-12,...
SOLUTION  We have,
Second term - Firstterm=-2-(3)=-5
Third term - Second term=-7-(-2)= -5
50, the given sequence is an A.P. with common difference-5,
Since, each term of an A.P. is obtained by adding common difference to the preceding term .
Ay +(=5) = =12+ (-5) = -17
a, = a5 + (=5) = =17 +(-5) = -22

common difference and write the next three terms of the A.P.

Ilr‘

and, @y = ag +(-5) = -2 +(-5)=-27




EXERCISE 5.3

LEVEL-1

. For the following arithmetic progressions write the first term @ and the common
difference d :

. 1357
() =5, ~1,3/7:::.; INCERT] 1) I e Pl PR
(111) 0.3,0.55,0.80, 1.05, ... (iv) —].'l,~3+],—5.1.—7-1—

 Write the arithmetic progression when first term a and common difference d are as
follows:

INCERT]

M| =

(i) a=4, d=-3 [NCERT] (i) a=-1, d=
(iii) a=-15, d=-05

* In which of the following situations, the sequence of numbers formed will forman A.I.?
(i) The cost of digging a well for the first metre is Z 150 and rises by ¥ 20 for each

succeeding metre. INCERT]
(ii) The amount of air present in the cylinder whena vacuum pump removes each time

1
1 of their remaining in the cylinder. [NCERT]

(iii) Divya deposited 31000 at compound interest at the rate of 10% per annum. The

amount at the end of first year, second year, third year, ..., and so on.
INCERT EXEMPLAR]

. Find the common difference and write the next four terms of each of the following
arithmetic progressions :

@ 1,-2,-5,-8,... (ii) 0,-3,-6,-9,...
1 3 5 2

T s == s =1, —-—, ==,
(iii) ‘3’73 (iv) 6’3

. Prove that no matter what the real numbers aand bare, the sequence with nthterm a +nb
is always an A.P. What is the common difference?

" Find out which of the following sequences are arithmetic progressions. For those which
are arithmetic progressions, find out the common difference.

(i) 3,6,12,24,... (i) 0,—-4,-8,-12,...
1131 .
(i11) 2'1'3§' (iv) 12,2,-8,-18,...
) 3,3,3,3,.. (vi) p,p+90,p+180, p+270,... where p=(999)™"
(vii) 1.0,1.7,2.4,3.1,... (viii) —225,-425,-625, - 825,...

(ix) 10,10+ 2% 10+2° 10+ W s
(x) a+b(a+1)+b(a+1)+ (b+1),(a+2)+HB+1),(a+2)+ (b+2),....

(xi) 12,32%,5%, 7%, .. (xii) 1%,5%,7°.73,..
> Find the common difference of the A.P. and write the next two terms:
(i) 51,59,67.75; .. lily 75 67,59.51,..
(ifi) 1.8,2.0,2.2,24, ... () s,
Hememmm 4°2°4

(v) 119, 136,153,170, ...
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l. (1) a=-5d=4 (il a= -L_—i,f.f = - (i) @a=03,d =025 (iv) a= =11 d'= o
Z.

() 4.1,-2,-5-8,_ ) -1,-1,011 .

(iii) -15,-2,-25_3
(i) AP

3 (ii) Does not form an AP, (iii) A.P.
4" ':.i'} _3; Il'; - '_ll;ﬂ,ﬁ = ‘—l‘!l, ﬂ;l = -1?, ﬂﬂ = _2[}

(i) —3;a5 = ~12,0, = 15,4, = <18, 4, = 21

5. 1 6 2 26 1 1 1

(iii) s %= Fie e 7 W) oM =g =730 % =—rl_‘r“: =0
% )b 6. (i) No (i1) Yes,d=-4 (iii) No
(iv) Yes,d=-104 (v) Yes,d=0 (vi) Yes,d =90
(vi) Yes,d=07 (viii)  Yes,d =-200 (ix) No
(xX) Yes,d=1 (xi) No (xii) Yes,d =24
7. () d=8,a; =830 =91 (i) d=-805=43,a, =35
(i) d=02 05 =26,q, =28 (iv) d= 14;415 =1,a, = >

v) d=17: = = 187, a, =204

5.4 GENERAL TERM OF AN A.P.

In this section, we shall find the formula for the 1t th term or general term of

its first term and the common d ifference. The same will be
AP

an A.P. in terms of
used to solve some problems on

THEOREM  Let a be the first term and d be the common difference of an A.P. Then, its nth term or
general term is given by

a, =a+(n-1)d.

PROOF Let a,,a,,a,,...,4,,... be the given A.P. Then,

ay =a
=5 ay =a+(1-1)d i)
Since each term of an A.P. is obtained by adding common difference to the preceding term.
Therefore,

i =a+d
- a, =a+(2-1)d (1)
Similarly, we have

4y =a, +d
= ay =(a+d)+d
=5 ﬂ?_ =+ 2.'."
=3 a; =a+(3-1)d ...(iii)

._: el
I VREIEERSE ¢ .
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and, Ay =ay+d

= ay =(a+2d)+d

- a, =a+3d

=4 ag =a+(4-1)d c{IV)

Observing the pattern in equation (i), (ii), (iii) and (iv), we find that

a, =a+m-1)d

n

.ED.
REMARK [t isevident from the abooe theorent that :
General ternt of an A.P. = First term + (Term momber — 1) x (Comunon difference)
5.4.1 " TERM OF AN A.P. FROM THE END

Let there be an AP, with first term @ and common difference d. [f there are m terms inthe A.P.,

then
nth term from theend = (= + 1)th term the beginning

inth term from theend =4, ,

— nth term from theend =a+(m—n+1-1)d
=" itth term from theend = a + (= ) d

Also. if | is the last term of the A.P., then rith term from the ond is the nth term of an AP whose
first term is [ and common difference is —d.

jith term from the end = Last term + (i1 — 1) (=)
= ith term from theend = [ — (1 — 1)d

ILLUSTRATION  Find the 6" term from the end of the AP 17,14, 11, ..., =40 [CBSE 2005]
SOLUTION  We have,
| = Last term = —40 and, = Common difference = -3

6h term from theend =1—-(6-1d = 40-5x-3 =-25

54.2 MIDDLE TERM(S) OF A FINITE A.P.
Let there bea finite A7 with first term i, common difference o and number of terms n.

. th
: n+1 . . o (n+1
Ifinisodd, then [ — ] term is the middle term and is givenby a + l —=— =1 ]n’.

th .

are middle terms given by a +[ -1 };f and

—
—

, n " n
If nis even, then | 5 and | =+ 1

=

td |

a -+ [ Ll: ¢ L—=1 ):1‘ =+ g!f respectively.
ILLUSTRATIVE EXAMPLES

LEVEL-1
EXAMPLE 1 Find the 12th, 24th and nth termof the AP, given by 9, 13,17, 21, 25,...
SOLUTION We have, a = Firstlerm =9

and, d = Common difference =4 [+13-9=4,17-13=4,21-17 = 4 etc.]
We know that the nth termof an Al with first term a and common difference  is given by

a =a+n-1d

2 —a+(12-1d —a+Nd=9+11x4=53
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u2-'- h'"*t:j-q' ]}d = 1+ EM=(}+23H4:: 101
and, Ay =a+m-1)d=94+(n-1)x4d=4n+5
Thus, we have

d; = 53, ay, = 101 and M, =4n+5

EXNAMPLE 2 Show that the sequence 9,12, 15,18, .
lerm.
SOLUTION  We have,
(12-9) = (15-12) = (18-15)=13
Therefore, the given sequence is an A.P. with common difference 3.
@ = First term =9

~Asan A.P. Find its 16th term and the generg)

16th term =, = a+ (16 -1)d = a+ 154 [ A, =a+(n- 1);1‘]
—] A =94+15x3 = 54
General term = nth term = a + (n- 1) d
d, =9+ -1)x3=3n+6

EXAMIELE 3 The first term of an A.P, is -7 and the common difference 5. Find its 18th ¢
general term,

SOLUTION  We have,
a = First term = - 7 and, d = Common difference = 5

erm and the

[ 4, =a+(n-1)d]

= My =a+17d = -7 +17x5=78
and, dy, =a+MN=1)x5==7+(n-1)x5
= A, ==7+5m-5=5n-12

EXAMPLE 4 Delermne the 10th term from the end of the A.P. 4, 9, 14, ..., 254.
SOLUTION  We have,

I = Last term =254 and, d = Common difference =5,
10th term fromtheend =1-(10-1)d - )_94 - 254-9x5 =209

EXAMPLE 5 Which term of the sequence—1,3,7,11, ... 1595 ?

SOLUTION - Clearly, the given sequence is an A.P such that
a=Firstterm =-1 and, d = Common difference = 4

Let 95 be the nth term of the given A.P. Then,

a, =95

a+(n-1)d =95

“1+(n-1)x4=95

~l+4n-4=95

dn-5=95 = =100 = n=25

Thus, 95 is 25th term of the given sequence.

ud U U

EXAMPLE 6  Which term of the sequence 4,9, 14, 19,... is 124 ?

SOLUTION  Clearly, the given sequence is an AP, with first term a (= 4) and common
difference d (= 5)
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Let 124 be the nth term of the given sequence. Then,

a, =124 = a+(n-1)d=124=4+(n-1)«5=124=5n-1= 124 = 51n=125=n=25
Hence, 25th term of the given sequence 1s 124,
EXAMPLE 7 How many terms are there in the sequence 3,6,9,12, ..., 11 1?
coLUTION  Clearly, the given sequence is an A.P. with first term 4 = 3 and common
difference d = 3. Let there be n terms in the given sequence. Then,

nth term = 111

= a+(n-=1d =111

=3 F+t=DxF3=MM1=2n=37

Thus, the given sequence contains 37 terms.

EXAMPLE 8  Find the middle term of the A.P. 6, 13, 20, ..., 216. [CBSE 2015/
SOLUTION  Clearly, 6,13, 20, ..., 2161s an A.P. with first term a = 6 and common difference
4 =7. Let there be it terms in the given A.P. Then,

a, =216
=% a+(n-1)d=216
= 6+7(n-1)=216 [-a=6andd =7]
= n =217 =>n =31
th th
31 +1 :
Here, nnis odd so (L;—l } Le [ ; J = 16" termis the middle term and is given by

a4 =ﬂ'+{1_6—])tf=:i+15d=ﬁ+]5x?=]11

EXAMPLE 9 Find the middle term(s) of the A.P. 7,13,19,..,241.
SOLUTION Clearly, 7, 13, 19, ..., 241 is an A.P. with first term a = 7 and common

difference d = 6. Let there be n terms in the A.P. Then,

a, =241
== a+(n-1d=241
= 7+ 6(n-1)=241
= 6n =240 =n =40

th th
n : :
Clearly, n is even. 5o, (ﬂ] = 20" and ( 3 + 1] — 21" are middle terms and are given

2
by
5y = a+(0-1d =a+ 19d =7 +19x6 =121
and, 5 =n+(21—1];f=-1+2{}d:?+20x6=127
EXAMPLE 10 Consider the A.P.2,5,8,11, ..., 302. Show that twice of the niddle term of the above

A.P. is equal to the sum of its first and last term.
SOLUTION Clearly, 2,5,8,11,..., 302 is an A.P. with first term @ = 2 and common difference

d =3. Let there be 1t terms in the given A.P.. Then,
n'™ term = 302

a+n-1)d=302

2+ 3(n-1)=302

= 3n = 303

U

U



5.16 MATHEMATICS
= n =101

n+1 )\
Clearly, nis odd. Therefore, ( - } i.e. 51% term is the middle term.

Now,

Middle term = a5, = a + 504 = 2 4 50 x 3 = 152

First term + Last term = 2 + 302 = 304
Clearly, twice the middle term is equal to the sum of the first and last term.
EXAMPLE 11 Inthe A.P.1,7,13, 19, ..., 415, prove that the sum of the middle terms is equal to the
sum of first and last terms.
SOLUTION  We observe that 1, 7, 13, 19, o 415 is an AP, with first term g = 1

common difference d = 6. Let there be n terms in the given A.P. Then,

n'™ term = 415

and

= a+(n-1)d = 415
= 1+6(n-1)=415
= 6n = 420

= n=70

. . /L - 70\
S0, there are 70 terms in the given A.P. Therefore, [?) =35 ancl(? +1 J = 36"
are the middle terms. '
Now,
A5 =0 +34d =1+34x6=205and, 0, =a+35d =1+ 35x%6 = 211

: 35 + a3 = 205 + 211 = 416
Also, A +ay =1+415 = 416
Clearly, as; + ay, = a, + a5, .
EXAMPLE 12 For what value of nare the nt terms of the following two A.P’s the same?

() 1, 7,13:19; .. (i1) 69, 68,67, ... [CBSE 2006C])

SOLUTION  Clearly, 1,7,13,19, ... . forms an A.P. with first term 1 and common difference 6.
Therefore, its nth term is given by

a, =1+Mm-1)x6=6n-5
Also, 69, 68, 67, 66, ... forms an A.P. with first term 69 and common difference — 1.
So, its 1" term is given by

a, =69+(n-1)x(-1)=-n+70
The two A.Ps will have identical nth terms, if

[

ﬂﬂ - HH
= 6n-5=-n+70
= n=75
= 0= 7 , which is not a natural number.

Hence, there is no value of n for which the two A.Ps will have identical terms.

EXAMPLE 13 [f the 8" term ofan A.P.1s 31 and the 15% term is 16 more than the 11t term, find the
A.P. |[CBSE 2006C)
SOLUTION Leta be the first term and d be the common difference of the A.P.
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We have,
ﬁs = 31 and g = 16 + iy

a+7d =3landa+ 14d = 16 + a + 10d
a+7d =31and 4d = 16

a+7d =3landd = 4

a+7x4=31 = a+28=31 = a=3

Hence, the A.P.is a,a+d,a+2d,a+3d,... i.e, 3,7,11, 15,19, ...

will be 130 more than its 314
[CBSE 2006C, 2017]

b 4 44

EXAMPLE 14 Which term of the arithmetic progression 5, 15: 25;0::
term?

SOLUTION Wehave, a=5 and d =10

i ay = a+30d =5+ 30x10 = 305

Let nth term of the given A.P. be 130 more than its 31° term. Then,
a, =130+ ay,

a+(n-1d=130+ 305

54+ 10(n—1) =435

=

= 10 (n - 1) = 430
= n—-1=43

- n=44

Hence, 44th term of the given A.P. is 130 more than its 31+ term.

EXAMPLE 15 If the 10" term ofan A.P. s 52 and 17t term is 20 more than the 13" term, find the
A.P. |CBSE 2006C]
SOLUTION Leta be the first term and d be the common difference of the A.P.

We have,

@y = 52 and ay; = @y + 20

a+9d =52anda+16d = a+12d + 20

a+9d=52and 4d = 20

a+9d =52andd =5

a+45=52and d =5

a=7andd =5

Hence, the A.P.isa, a+d,a+2d,a+3d,...i.e., 7,12,17, 22, ..

EXAMPLE 16  [s 184 a term of the sequence3, 7,11, .2
SOLUTION Clearly, the given sequence is an A.P. with first term a (= 3) and common

difference d (= 4).
Let the nth term of the given sequence be 184. Then,

bul Ul

a, = 184
= a+(n-1)d =184
= 3-!-[n—l}>t4=184:>4”2135:::”:4(».%

Since 1 is not a natural number. So, 184 is nota term of the given sequence.

EXAMPLE 17 The 10t term of an AP is 52 and 168 term is 82, Find the 32nd term and the
general term.
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SOLUTION  Let a be the first term and d be the common difference of the

_ given A P
Let the AP b(‘ ﬂ| ' ﬂz, ﬂ'_-!_, P ﬂ",...
Itis given that
@y = 52 and, = 82
— @+ (10-1)d =52 and, a + (16 -1)d = 82
= a+9d = 52 ve i)
and, a+15d = 82 - (1i)
Subtracting equation (ii) from equation (i), we get

~6d=-=d=5
Putting d = 5 in equation (i), we get

A+45=52=a=7

iy =a+(32-1)d=7+31x5=162
and, Ay =a+m-1)d=7+Mm-1)x5=5n+2
Hence, ay =162 and a, =51+ 2

PXAMPLE I8 The sum of 5% and 9t terms of an A.P. is 72 and the sum of 7" and 12t

terms s 97
Find the A.P. [CBSE 2009

SOLUTION  Leta be the first term and ‘d’ be the common difference of the A.P. It

IS given that
A5 +ay =72and, a; + ay, =97
=Y (¢1+4:l}+[n+8d)=72and,[n+6d)+(a+lld}=9?
Thus, we have
) 20+ 12d =72 (1)
= 2a +17d = 97 ..(ii)

Subtracting (i) from (i), we get
5d=25=d=75
Putting ¢4 = 5 in (i), we get
20+60=72=>0=12a=6
a=6andd =5
Hence, the A.P. is 6, 11, 16, 21, 26, ...
FNAMPLE 19 Determine the general term of an A.P. whose 7% term is — 1 and 16t term 17,

SOLUTION  Let a be the first term and d be the common difference of the given A.P.
Letthe A.P.be a,, a,, ay, ..., a

[tis given that

a, = -1 and a5 = 17
= a+(7-Dd=-1land, a+(16-1)d =17
e ﬂ+f)¢i=-] ...(i}
and, a+15d =17 oo (1)
Subtracting equation (i) from equation (i), we get

9 =18 =d=2

Putting d =2 in equation (i), we get
a-p-lz:—-] = a=-13
Hence, Generalterm=a,=a+n-1)d=-13+(n-1)x2=21-15
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EXAMPLE 20 If five times the fifth term of an A.P. is equal to 8 times its eighth term, show that its
13t term is zero.

SOLUTION Let ay, a, as, ..., a,,... bethe A.P. withits first terma and common difference d.
Itis given that

Sas = By

5(a+ 4d) = 8(a + 7d)

5a + 20d = 8a + 56d

3a+ 36d =0

J(a+12d)y =0

a+12d=0 = a+(13-1)d =0 = &3 =0

Hence, 13th term is zero.

EXAMPLE 21 How many numbers of two digits are divisible by 77
SOLUTION We observe that 14 is the first two digit number div
two digit number divisible by 7. Thus, we have to determine the

sequence
14, 21, 28, ..., 98
Clearly, itis an A.P. with first term =14 and common difference =7i.e.a =14
Let there be 1 terms in this A.I. Then,
nth term = 98

44 gl

isible by 7 and 98 is the last
number of terms in the

and d= 7.

= 144+ (n-1)x7 =98
= 14+ 7n-7 =98
= Zn=91 = n=13

Hence, there are 13 numbers of two digits which are divisible by s

EXAMPLE 22 Find the number of integers between 50 and 500 which are divisible by 7.
SOLUTION We observe that 56 is the first integer between 50 and 500 which is divisible by
7. Also, when we divide 500 by 7 the remainder is 3. Therefore, 500 - 3 =497 is the largest
integer divisible by 7 and lying between 50 and 500. Thus, we have to find the number of
terms in an A.P. with first term =56, last term =497 and common difference =7 (as the

numbers are divisible by 7).
Let there be n terms in the A.P. Then,

a, =497

= a+(n—-1)d =497

= 56 + (n —1)x 7 = 497 [+ a=56 and d =7]
= 7n + 49 = 497

= 7n =448 = n=06d

Thus, there are 64 integers between 50 and 500 which are divisibleby 7.

EXAMPLE 23 Which termof the A.P.3,15,27, 39,... will be 132 more than its 54thterm?  [INCERT]
SOLUTION Given A.P.is3,15,27,39,...

Clearly, its .
First term = 3 and, Common difference =12.

Let 1th term of the A.P. be 132 more than its 54th term
a, =132+ as,

a+n-1d= 132 + (a + 53d)

Le.,

p—
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- I+ 12(n-1)=1324 (3 +53x12)
= 12n -9 = 771

=5 12n =780 = pn =¢5

Hence, 65th term of the given A.P. is 132 more than its 54th term.

PXAMPLE 20 Two A.P’s have the same common difference. The first term of one of theep ;
. : o 45 ] - d “"."ﬂt' 15 3' F
that of the other 1s 8. What is the d ifference between their / il
(1) 2nd terms? (i) 4th terms? (iii) 10th terms ? (iv) 30th terms ?

SOLUTION  Let the common di fference of the two A."sbe d. Then, their nth
@, =3+n-1)dand b, =8+ (n-1)d

terms are

= ay = by =[3+(n-1)d] -[8+(n-1)d]

= @, —b, =-5 foralln e N.

Hence, 4 - b, = -5,q, - by = 5, a9 — by = -5and ay, - by, = -5,

EXAMPLE 25 Asum of T1000 is invested at 8% simple interest per annum, Calculate the mierest
attheend of 1,2, 3,... years. Is the sequence of imterestsan A.P.? Find the interest af the end of 30 years,

INCERT]

SOLUTION  Let P be the principle, R rate of interest and I, be the interest at the end of years.

We know that

PRH { : PRT 3
b, = Using : Interest = - **
100 8 100 J

Here, we have
P =%1000,and R = 8% per annum

r"=z[m)=zsnn
100

Putting n=1,2,3,.., wehave
[, =¥ 80,1, =160, I; =T 240 and so on.
Since, I, 1s a linear expression in n. Therefore, the sequence of interest forms an A.P. with
common difference 80.
Also, Interest at the end of 30 years = Iy, = ¥ (80 x 30) = ¥ 2400

EXAMPLE 20 Inaflower bed there are 23 rose plants in the first row, twenty one in the second row,
nineteen i the third row and so on. Thereare five plants in the last row, How man y rows are there in
the flower bed? INCERT]
SOLUTION  The number of rose plants in first, second third, ..., and last row are respectively
23,21,19,....5.

Let the number of rows of rose plants be n.
The sequence 23, 21, 19, ..., 5 is an A.P. with first term a (= 23), common difference
d (=-2)and nth term (= 5).

a,=a+m-1)d

= 5=23+(n-1)x-2
= §=23-2n+2 = 20=2n = n=10
Hence, there are 10 rows of rose plants.
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salary of T 5000 and received a

CAMPLE 27 Suba Rao started work in 1995 at an annual
INCERT |

200 raise each year. In what year did his annual salary will reach T70007
SOLUTION  Annual salary received by Suba Rao in 1995, 1996, 1997, ... is

T 5000, ¥ 5200, T 5400, ...
Clearly, it is an arithmetic progression with first te
d =200.
Suppose Suba Rao’s annual salary reaches to ¥7000 in nth years. Then,

nth term of the above A =T 7000

rm @ = 5000 and common difference

=% a+(n-1)d="7000

= 5000 + (n — 1) % 200 = 7000

— (n — 1) = 200 = 2000

N ﬁ—']_—wzﬂnulzlﬂﬂil=]1
200

Thus, 11th annual salary received by Suba Rao will be 7000, This means that after 10 years
i.e., in the year 2005 his annual salary will reach to T 7000.
PNAMPLE 28 Jasleen saved 5 in the first week of the year and then increased her weekly savings
by T1.75 each week. In what week will her weekly savings be T20.757 INCERT]

SOLUTION Suppose Jasleen’s weekly savings will be T20.75 in the nth week.
Clearly, Jasleen’s weekly savings forman A.P. with first term a =5 and common difference d

=1.75.
nth term = 20.75

= a+(n-1)d=2075

= 54 (n-1)x175= 2075
3 (n-1)x1.75=15.75
15.75
= !I—1=T~%'-:>”_1=9:.:-”:](}
Hence, Jasleen’s weekly savings will be ¥20.75 in 10th week.

LEVEL-2

EXAMPLE 29 If the mth term of an A.P. be 1/n and n'" term be 1/m, then show that its (min)t

termis 1. ICBSE 2017]
SOLUTION Letaand dbe the first term and common difference respectively of the given A.D.

Then,

1 tenn=>1=ﬂ+(m—1}ﬂ’ (i)

n n

1 1

~ —nthterm = —=a+(n-1)d (i)

m m _
On subtracting equation (ii) from equation (i), we get

}._.1_={m-—n]tf = M F_m-n)d = ﬂ'=*1—

n m mn mn

Putting 4 = Lin equation (i), we get
mn
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1 (m—1) 1 I 1 1
==t — - —=lt——-— = g=—
n n n noomn mn
1 1 " L 1
(mon)th term = g + (mn - 1)d = — & (mn -1)— =1 R = . |
mn mn mn |

EXAMPLE 30

(p+q-n). [CBSE 2008, 2017
SOLUTION - Leta be the first term and d be the common difference of the given A _p, Then,
' pthterm=gq = a+ (p-1)d = q ..(i)
epthtunn:p:ﬂ+(q—1}d=p (i)
Subtracting equation (ii) from equation (i), we get
P-q)d=(g-p)=d=-1
Putling d = -1 in equation (i), we get
a+(p-1)x(-1) =q=a=(p+q-1)
nthterm = a + (n - 1)d = p+g-1)+(m-1) x(=1)=(p+q-n)

EXAMPLE 31 If m times the m™ term of an A.P. is equal to n times its nth term, show that the
(m + n)" term of the A.P. is zero, [CBSF 20081

SOLUTION Leta be the first term and d be the common difference of the given A.P. Then,
(m times m'h term) = (17 imes nth term)

If the pt term of an A.P. is i and the g term is p, prove that its 1t term is

= ma, =na,

= m{n+{mﬁl)d}=n{a+(n—l)n”F

= mia+(m-1d|-nfa+(n-1)d} =0

=3 ﬂ[m—n)+|m(m——1]-n(u-1]|d=D

- aim-—n)+ {{m"‘ —n?)=(m- n]ld’ =0

= afm-my+m-my(m+n-1d=0

= (m-mfa+(m+n-10)d} =0

=5 a+m+n-10)d=0 [+ m =2 1|
=5 g... =9

He

nce, (m + n)th term of the given A.P. is zero.
EXAMPLE 32 Ifpth, ghand r'h termsof an A.P.area, b, c respectively, then show that

() alg-nN+b(r-p)+cp-¢=0 [CBSE 2016]
(i) (@a=byr+b-c)p+(c-a)g=0
SOLUTION (i) Let Abe the firsttermand D be the common difference of the given A.P. Then,
a=pthterm=a=A+(p-1)D 0
b=gthterm=b=A+(g-1)D ... (ii)

c=rthterm=c=A+(r-1)D .. (i)
We have,

a(g-r)+b(r=-pl+clp-9q
- ;,»1+(p—I}D}(q—r)+lﬂ+{-‘1~1}DHr-r)+{A+(;~_1)D}(p-q)
[Using (i), (ii) and (iii)]
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RITHIMI LIt
=Allg-r)+(r=p)+(p-q)| +D{(p-Diq P+ (g = Nr=p)+ r - p—q)}
=Ax0D i-D{p(if— ry+q(r=p)+ r{p—q)—(q —r)y—(r —p]—(p —f]')}
=Ax0+Dx0=0

(ii) On subtracting equation (ii) from equa tion (

equation (i) from equation (iii), we get
a-b=p-q)D,(b-c)=(g-r)D and c-a =(r-p D
(@=byr+(b-cp+lc-aq
=(p-qDr+ (q-=r)Dp+(r-p)Dq
=D{(p-@r+g-rp+r=paj =Dx0=0

. 1 1 3
PNAMPLE 33 Which term of the sequence 20, 19 1 185, 17—, ...

an A.P. in which first term a (= 20) and common
the first negative term. Then,

i), equation (iii) from equation (i1) and

is the first negative term?

SOLUTION The given sequence is
difference d (= — 3/4). Let the n™ term of the given A.P. be

a, <0
= a+(n-1)d<0
=5 20+ (n—-1)x(-3/4) <0
83 3n
= g g
= 83-3n<0
In>83=n>27 2 —>n =28 [-- nis a natural number]

==
Thus, 28 term of the given sequence is the first negative term.
INAMPLE 34 Tiwo A.P's have the same common difference. The difference between their 100 terms
is 111 222 333. What is the difference between their Millionth terms?
SOLUTION Let the two A.P’sbe a;,a5,3,...,4,,...and by, by, b3, ..,
Also, let d be the common difference of two A.P"s. Then,

a, =a, +(n—1)dand b, =b +(n-1)d
= ﬂ,,—b”={ﬁl+[n—1}d}-—{b,+{n—1)d}
=> a,—b, =a =b
—b, is independent of 1 and is equal to a, — b. In other words

b,

Clearly, a,
a, — b, = a; —by for all n e N.

= gy — B0 = T~ b,
and, a, — b, = a; — by, wherek = 10, 00, 000.
But, iy — bygo = 111222333

ﬂl _I’I = 111222333

= a, — b, =a —b =111 222 333, where k = 10,00, 000.

Hence, the difference between millionth terms is same as the difference between 100th terms

ie,111222333.
Finda, band cif it is given that the numbersa, 7, b, 23, c. arein A.P:

INCERT EXEMPLAR|

EXAMDPLE 35



5.24

SOLUTION

-5 Letd be the common difference of the A.P formed by
en, :

?—u+d,b:=n:211,23-—.n<3dandn::u+4d

— d=7 u,!vmru2d,l3xﬂ+3:f-.md:‘=a+4d

Putting d =7 — 4 in 23 = a + 3d, we obtain
23:-n+3(?—n]::2ﬂ=--2:>n=~l
(f=?—fl:>ﬂ‘-—-7+1=8

Thus, b=a+2d=-1+16=15and c=a+4d=-14+4x8 = 31

Hence, a = ILb=15and¢ = 31.

LEVEL-1

1. Find:
“ (i) 10" term of the A.P. 1, 4,7, 10,...
(i) 18" term of the AP, J2, 32, 5V2, ..
(i) n™termof the AP, 13,8,3,-2...
(iv) 10" term of the A.P. - 40, 15,10, 35, ..
(v) 8" term of the A.P. 117, 104, 91, 78,..
(vi) 11" termof the A.P.10.0,10.5,11.0,11.5

(vii) 9™ term of the A.P. EE.E,E
4 4 44
() Whichtermof the A.P.3,8,13,...is248?
(1) Which term of the A.P. 84, 80, 76,...is 0?
(1) Which term of the A.P. 4,9, 14, ... is 254?

(iv) Which term of the A.P. 21, 42, 63, 84, ... is 420?

[ &%

(v) Which termofthe A.P.121,117,113, ...is its first negative term?

b (i) Is68atermofthe A.P.7,10,13,...2
(i) Is302atermofthe A.P.3,8,13,.?
(i) Is-150 atermof the A.P.11,8,5,2,...2
I How many terms are there in the A.P.?
10
-T.

FELLT]

" 3 2
(1) 7,10,13,... 43 (i1) —1,—3,—5.—

P | =

. 1
(iii) 7,13, 19, ..., 205. (iv) 18, 15*2-.13, —_—

7 The firstterm of an A.P. s 5, the common difference is 3 and the last term is 80; find the

number of terms.

6. The 6™ and 17" terms of an A.P. are 19 and 41 respectively, find the 40" term.
7. 1f9™ term of an A.P. is zero, prove that its 29" texm is double the 19
S 110 times the 10™ term of an A.P. is equal to 15 times the 15% term, show that 25" term of

the A.P. is zero.

9. The 10" and 18" terms of an A.P. are 41 and 73 respectively. Find 26"
10. In a certain A.P. the 24" term is twice the 10" term. Prove that the 72nd term is twice the

34" term.

the numbers 4. 7,b,23

term.

term.

EXERCISE 5.4

|CBSE 2017]
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, respectively. Find the common

| =

1 The 26 11" and last term of an AP are 0, 3 and
difference and the number of terms. INCERT EXEMPLAR]
(2. If the " term of the A.P. 9, 7, 5, ... i1s same as the n™ term of the A.P. 15,12, 9, <.
/

find n.
13, Find the 12" term from the end of the following arithmetic progressions: j“
W 3.5.7,9,...201 (ii) 3,8,13,...,253 INCFRI] (iii) 1,47, 10, ..., 88

14. The 4™ term of an AP, is three times the first and the 71 torm exceeds twice the third term

by 1. Find the first term and the common difference.

15, Find the second term and n'" term of an A.P. whose 6" term is 12 and the 8" term is 22.

16, How many numbers of two digit are divisible by 37
An A.P. consists of 60 terms. If the first and the last terms be

32nd term.

149, The sum of 4" and 8" terms of an A.D'. is 24
Find the first term and the common difference of the A.I.

9. The first term of an A.P. is 5 and its 100" term is —292. Find the 50 term of this A.P.

7 and 125 respectively, find ”

and the sum of the 6" and 101 terms is 34.
INCERT '

20, Find agy — yy for the AT
(i) -9,-14,-19, - 24, ... (ii) a,a+d, a+ 2d,a+3d,...

1. Write the expressiona, —d; forthe A.P. g, a+d, a+2d,..

Hence, find the common difference of the A.P. for which :
(i) 11™ term is 5 and 13 term is 79. '

(i) Mo — a5 = 200

(iii) 20™ term is 10 more than the 18" term.

Find 1 if the given value of xis the n'" term of the given A.T.

22
(i) 25, 50,75, 100,...; x = 1000 (i) —1,-3,-5,~7,...; x =151
1 1 2131 41 171
5-—,11,16—,22,...;.’::55[] e 1 e X = T
(i) 23 2 S TRET T 1

>3, The eighth termof an A_P. is half of its second term and the eleventh term exceeds one

third of its fourth term by 1. Find the 157 term.
24. Find the arithmetic progression whose third term is 16 and seventh term exceeds its fifth

term by 12. INCFRT]
75 The 7" term of an A.P.is 32 and its 13" term is 62. Find the A.P. |CBSE 2004|
_will be 84 more than its 13" term? [CBSE 2004]

6. Which term of the A.P. 3,10, 17, ..
7 Two arithmetic progressions have the same common difference. The difference between

their 100th terms is 100, what is the difference between their 1000th terms?
INCERT|
rms of the arithmetic progressions 63, 65,67, ...and 3, 10,
|CBSIE- 2008]
between 10 and 2507 NCERT]
divisible by 7? [CBSE 2013, NCERT]
ession 8, 14, 20, 26, ... will be 72 more than its 41*
|[CBSE 20060 |

14 For what value of 1, the nth te
17, ... are equal?

20 How many multiples of 4 lie

30. How many three digit nu mbers are

11 Which term of the arithmetic progr
term?
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- Find whether 0 (zero) is a term of the A.P. 40,37, 34,31,....
i6.

Find the term of the arithme

tic progression9, 12,15, 18, ... which is 3
term.

dmore thap je I6M

' 1 I |i."i =g
Find the 8™ Iherm from the end of the AP.7,10,13,..., 184 CBSH Snns
_I~'md the 10™ It:\-'rm from the end of the A.P.8,10,12,...,126. |CBS ,
1[|hea:l]1?1 of 4™ and 8" terms of an A.P.is 24 and the sum of 6" and 10" terms i544. Fing

wALP. Pelin

CBSE 200

Which term of the AP 3,1527 39, ... will be 120 more than its 21* term?

( HL‘"-' 20049

The 17 term ofanA.P.is5 more than bwice its 8" term. If the 11" term of the AP, i 43

find the n'™ term.
Find the number of all three

ICBSE 2012
digit natural numbers which are divisible by 9,
! ('BS I M13

The 19" torm ofan A.I.is equal to three times its sixth term. Ifits 9th term is 19, find the

AP

[CBSE 2013
The 9" termof an AP, Is equal to 6 times its second term., [fits 5™ term is 22, find the A
[CBSF 2013

The 24™ term of an A.D. is twice its 10" term. Show that its 721 termis 4 times its 15"
term. ICBST 20153

Find the number of natural numbers between 101 and 999 which are divisible by both 2
and 5. 3

[CBSF 20141

- IFthe seventh term of an A.P. is 1 /9and its ninth term is 1/7, find its (63)™ term.

ICBSE 2014)
times its 8™ term, find
[CBSF 2014
ICBSF 2014

The sum of 5" and 9" terms of an A P is 30. Ifits 25" term is three
the AP,

Find the middle term of the A.P. 213, 205, 197,....37

' {CBSFE 2015
If the 5™ term of an A.P. is 31 and 25 term is 140 more than the 5" term, find the AP,
|[CBSE 2015]
LEVEL-2
; 4 2 1 1
Find the sum of two middle terms of the A.P. : ~30T X 4;.

INCERT EXEMPLAR|
If (m + 1) term of an A.P. is twice the (11 + 1)" term, prove that (3m + 1) term is bwice the
(m+u+1)" term.

[fan A.P. consists of n terms with first term 2 and 1™ term | show that the sum of the ™
term from the beginning and the m"™ term from the end is (a + /).

How many numbers lie between 10 and 300, which wh
37

Fird the 12" term from the end of the A.P.-2, -4, _g, 100!
INCERT EXEMI'I AR

endivided by 4 leave a remainder
INCERT EXI MPLAR]

Ay 7
INCERT EXEMPLAR|
Two A P.s have the same commondifference. The first term of one A.P.is 2 and that of the
other 1s 7. The difference between their 10" terms is the same as the difference between
their 21* terms, which is the same as the difference between any two corresponding

terms. Why? INCERT EXEMPLAR]|

Give reasons for your answer.
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sRITHMI T PROW R 5.27
- ANSWERS
1. (i) 28 (i) 3542 (i) —5m+ 18  (iv) 185
. 19

(v) 26 (vi) 15 (vii) %
2. (i) 50 (i) 22 (iii) 51 (iv) 20" term

(v) 32™ 1 (i) No (i) No (iii) No
4. (i) 13 (i) 27 (iii) 34 (iv) 27

] 2
5. (i) 26 h 87 g 105 (1. d = --E,n = 27
i2. 7 13 (i) 179 (ii) 198 Giiy 55
14. Firstterm= 3, Common difference =2
15. a, = 8,4, =5n-18 6. 30 17. 69
1 5

8. —5¢3 19. = 142 0. (i) - 50 (i) 10d
21. (i) (n—k)d, 37 (i) 40 (iii) 5
22. (i) 40 (ii) 76 (iii) 100 (iv) 17 23. 3
24. 4,10,16,22, ... 25. 2010, 17500 26 25th 27 100
28. 13 20. 60 3. 128 31. 53
32. 49" 33. 163 34, 108 g =13 =8=3; BT,
36. 317 37. 4n — 1 35, 100 39, 3.5.7.9,
40. 2,7,12,17, .. 42. 89 43. 1 44, 3.5 7,9 11
45. No 46. 125 §7. 3,10, 17,24 48. 3
Bi. 73 52. - 78 53. Yes, Ay — i = (30 - 20)d = —40

51. The difference between any two corresponding terms of such A.P % is the same as

the difference between their first term.

5.5 SELECTION OF TERMS IN AN A.P.
Sometimes we require certain number of terms in A.P. The following ways of selecting terms

are generally very convenient.
Common difference

Nuniber of terms Terms
3 a—-d,aa+d d
4 q—3d.a-da+da+3d 2d
5 a-2d,a-d,a,a+d, a+ 2d d

6 a—5d,a-3d,a-d,a+ d,a+3d,a+5d 2d
It should be noted that in case of an odd number of terms, the middle term is a and the
common difference is d while in case of an even number of terms the middle terms are
a—d,a +d and the common differences is 2d.
REMARK | Ifthree jombersa, b, ¢ imorder are inA.P. Then,

b — a = Common difference = ¢ = b

= b-a=c-b
= 2b=a+¢

Thus, a, b, care in A.P-ifand onlyif 2b=a+c.
KinAKRK 2 Ifa b carein AP, then bis kioin as thearithmetic mean (AM) between aand c.

REMARK 3 Ifa,c, bare i AP Then,
i+ b

2L"—”I?F!’T'3'L_-—‘_,,’

S a+b
Thus, A.M. betwoeernta and bis —

-
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ILLUSTRATIVE EXAMPLES

ENAMPLE 1 If 2%, x 410, 3x + 2 arein A,P., find the value of x.
SOLUTION  Since, 2x, x + 10, 3y + 2are in AP,

2(x+10) = 2x + (3x + )

= 2x+ 20 = S5x+2
= 3x = 18 = Y=58
PNAMPLE 2 The sum of three numbers in A.p. is =3, and their product is 8. Find the numbers

SOLUTION  Let the numbers be (a~d),a,(a+d). Itis given that the sum of the numbers jg 3.
: {r:-:f)+n+(n+d)=~3:>3n=~3=:>r:=—]
Itis also given that the product of the product of the numbers is 8.

(@—=d)(a)(a+d) =8

= a(® -d?) =8
= (-D(1-d*) =8 [ =]
= > =9=d=1+3

Ifd =3, the numbers are—4,-1,2. Ifd=-3, thenumbers are 2,-1,-4.
Thus, the numbers are —4,-1,2,0r2,-1,-4.
ENAMPLE 3 Find four numbers in A.P. whose sum s 20 and the sum of whose squares is 12(),
SOLUTION  Let the numbers be (@ —3d),(a-d),(a+ d), (a + 3d). Then,
Sum of numbers =20

= {ﬂ—3¢ﬂ+(u~d)+(n+d)+{a+3d)=2ﬂ:>4n=zn::-n=5

Itis given that, sum of the squares = 120

= (@ =3d)* + (a~d)* + (a+d) +(a+3d) =120

= da® +20d* =120

= @ +5d% =30

= 25 + 542 = 30 [+ a = 5]
= 58 =5=d=+1

Ifd = 1, then the numbers are 2, 4,6,8.1fd =1, then the numbers are 8,6,4,2.
Thus, the numbers are 2,4, 6, 8 or 8, 6, 4, 2.

EXAMPLE 4 Dipide 32 into four parts whichare in A.P. such that the product of extremes is to the
product of means is 7:15.

SOLUTION  Let the four partsbe (a - 3d), (a - d), (a + d) and (a+ 3d). Then,
Sum of the numbers = 32

— (@a-3d)+(a-d)+(a+d)+(a+3d)=32 = 41=32=4=8
Itis given that

(n-3d}{a+3d}=i

(a-d)(a+d) 15

a-9d*> 7
= —_ =

a -d* 15

I
[P EeSS———ee ... TR




ARITHMI TUC PROC RESSION! 5179
64 -9d° 7 , ,
= ot — d° —E=7‘128d —512=>d*=4=>d=2%2
Thus, the four parts are a — 3d,a ~ d,a+danda+3die., 26,10, 14.
LEVEL-Zl
c—4d + e.

numbersa, b, c, d, e forman A.P., then find the valueof a—4b + 6

EXAMPLE 5 Ifthe
A.P. Then,

SOLUTION Let D be the common difference of the given
b=a+D,c=a+2D,d=a+ 3Dand e = a+ 4D

& a—-4b+6c—4d+e=a-4(a+D)+ 6[:1+2D]—4(ﬂ+3D)+(n+4£’))

= ﬁ—-4b+6c‘—4:f+t*:a—4a--4f}'+ﬁﬂ+12D—4fi—12D+ﬂ+4U

= qa—4b+6c—4d +e=a—4a +Em—4n+n—4D+12D—12D+4D

= a—4b+6c—4d+e=0
EXAMPLE 6 Thesumof the first three terms of an A.P. is 33. If the

exceeds the second term by 29, find the AP
SOLUTION  Let the first three terms in A.P. be

terms is 33.
a—-d+a+a+d=233

product of first and the third term
INCER I EXFMPLAR]
a—d,a,a+d. Itis given that the sum of these

5 —~ 31=33 =2 a=11
It is given that
(a—d)(a+d)=a+29

a2 -dt=a+29

=

= 121 —d* =11+ 29
= d* = 81

= d=19

Thus, we havea = 11,d=9ora=11 andd=-9.
Hence, the two AP’s are 2, 11, 20,29, ... and 20, 11, 2, ... .

EXAMPLE 7 Determinek so that k2 + 4k + 8,2k + 3k + 6,3k* + 4k + 4 are three conse- cutive

terms ofan A.P. INCERT EXEMPLAR]

SOLUTION We know thatifa, b, care three consecutive terms of an A.P., then
h—a=c—-bie2b=a+c

Thus, if k* + 4k + 8, 2k? + 3k + 6 and 3k2 + 4k + 4 are three consecutive terms of an

A.P., then
2(2k? + 3k + 6) = (K’ + 4k + 8)+ (3k* + 4k + 4)

= 4k2 + 6k + 12 = 4k* + 8k + 12
= k=0 = k=0.

n+l n+l

jfn - z” is the A.M. between aand b. Then, find the value of n.
a" +

EXAMPLE B
a+b

2

SOLUTION We know that the A.M. betweena and b is

ﬂnﬂ n IJHH
It is given that is the A.M. between a and b.
ﬂ'” + hﬂ

-

.

s
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1.

. The sum of three terms of an A.P. is 21 and the product

. Three numbers

. Find the four numbers in A.P., whose

. The sum of three

. Divide 56 in four parts in A.P. such that th

ﬂ'h.l +!]r|-! a+h

f.l” i h” 2

2(a""! 4 g Y= (a" 4+ b")(a + b)

2a"1 4 e _ a"
I“_rl | + l|Ir|l |

a"*!

s ab + a"b + 1
= ab" + g"p
-a'b = agb" - p

a'(a—by=b"(q - b)
" 40
”u:!'ll:ﬂ_:i-_—_:, E] :[I—I-]Z:-"=ﬂ
b b b

-
= —_— EXERCISE 5.5
LEVEL-1 -

Find the value of x for which (8r+4),(6x-2)and (2v + 7)arein A.P.
If x+1,3x and dx+ 2 arein A.P., find the value of x.
Show that (a - b)?,(a* + b*)and (a+b)* arein A.P.

of the first and the third terms
exceeds the second term by 6, find three terms,

are in A.P. If the sum of these numbers be 27 and the product 648, find the
numbers.

sum is 50 and in which the greatest number is 4
times the least.

numbers in A.P. is 12 and the sum of their cubes is 288. Find the
[CBSE 2016]
e ratio of the product of their extremes to the
[CBSE 2016]

numbers.

product of their means is 5: 6.

. The angles of a quadrilateral are in A.P. whose common difference is 10°. Find the

angles,

Split 207 into three parts such that these

arein A.P. and the product of the two smaller
parts is 4623.

INCERT EXEMPLAR]
the least. Find all the
INCERT EXEMPLAR)]
The sum of four consecutive numbersin A.P. is 32 and the ratio of the product of the first
and last terms to the product of two middle terms 15 7:15. Find the number.

[NCERT EXEMPLA R, CBSE 2018§]

The angles of a triangle are in A.P. The greatest angle is twice
angles.

—_— - ANSWERS
1 15/2 2.3 4, 1,7,13 56,912

6. 5,10, 15, 20 7. 2,4,60r6,4,2 8. 8,12, 16, 20

9. 75°,85°,95° 105° 10. 67, 69, 71 11,40%, 60°, 80° 12. 2, 6,10, 14




RITHNMETIC PROY 5.31
56 SUMTO n TERMS OF AN AP
rHeOREM  The sum S, of nterms ofan A.P. with first term ‘a”* and common difference ‘d’ s
1"
5, = 5 {2a +(n- 1)d]
" ,
or, 5, = 5 La+ 1), wherel = last term = a + (n = 1)d
ppo) Letay, ap, a5, ... be an A, with first term @ and common difference d. Then,
ay =a,0, =a+d, a3 =a+ 2d,a, =a+3d,...aq,=4a (n-1)d
Now, S, =a; +@ + a3+ .. +d, +ay,
= S, =n+{n+d]+{rr+2;f)+...+(n+{u--2};f}+{n+{n~1]d} (i)
Writing the above series ina reverse order, we get
(i)

S, = |ﬂ+(n—}}d}+}n+(u ~dl + .t la+d)+a

Adding the corresponding terms of equations (i) and (ii), we get

25, = |2a +(n- 1)d| +l2a+m-Nd}j+..4 :Zn+{n—1]d:
= 25, =n{2a+m-N1d | [+ 2a + (n—1) d repeats n times)
= 5,,=%'2n+{n—]}d}
Now, | = last term = nth term =a + (n-1)d

",

5" —%{h.p[u—]){f} :%I:r?+-‘{ﬂ+{”-”d|‘j|= zlli‘-l'”

Q.E.D.

], there are four quantities viz. S, a,nandd. If any

n
wOTE 1 In the formuda 5. = E[Eﬂ +(n-1)d
three of these are known, the fou rth can be determined. Somel imes two of these quan tities are given, in
such cases remaining two quantities are provided by some other relation.
Ot o In the sum S, of n ternis of a sequence is given, then n'h term
determined by using the following formula

a, = Sn = 5n—1

a,, of the sequence can be

ILLUSTRATIVE EXAMPLES

LEVEL-1
ON FINDING THE SUM OF AN A.P.

Find the sum of 20 terms of the A.P. 1,4, ke L .
the first termand d be the common difference of the giv

lypee |
EXAMPLE 1
SOLUTION Letabe
have

a=1andd=3.
We have to find the sum of 20 terms

en A.P. Then, we

of the given A.I.
n
Putting a=1,d=3,n=20in5 =3

52“:%q{le+(2{]-—1)x3}=1Ux59=59ﬂ

{Zn +(n -—'l}d]i' , we get

1), find the sum of first n terms of the A.P.

If the nt" term of an A.P.is (21 +
[CBSE 2005]

EXAMPLE 2




532

SOLUTION ~ We have,
@, = (2n +1) = M =2x14+1 =3

So, the given stquence is an AP, with first term

@ =a, =3 and last term | - a,
lherefore, the sum of 5 terms is given by '

=20 4+1

s M
S = '2[”*":' = 2{34"[2” +1)} = 5(211+4)=n{u+2)

=
i
EXAMPLE 3 Fond the sum of first 30 terms ofan A.P. whose second ternt is 2 and seventh term js 77

SOLUTION  Leta be the first termand d be the common difference of the given AP, Then
i =2 and a, = 22

— a+d=2and a+6d = 22

Solving these two equations, we get @ = -2 and d - 4. Putting 1 =30,7=_2 and d =4ip

.oon
% = 5120+ (n-1)d}, weobtain

a 30
Sy =—2-{2>c{—2j+{3{1—1}J<4}
= Sy =15(<4+ 116) = 15 % 112 = 1680

Hence, the sum of first 30 terms is 1680,

EXAMPLE o Find the sum of first 20 terms ofan A.P., in which 3rd term is 7 and 7' termy is

two
more than thrice of its 3rd term.,

SOLUTION - Leta be the first term and d be the common difference of the given AP, Then,
a4y =7 and a, = day +2 [Given|
i+ 2d =7 and a+6d=3a+2d)+2

A+2d=7 and a+6d = 3a+6d+2

M+2=7 and a=-1

a=-1,d=4

U U U i

Putting 1 =20,a=-1andd =4in S, =§{2ﬂ+{?1‘1)dfrwegel
SEH 2%{—:’ +25<—1+(2[]—~1:IX4} =%[—2+?ﬁj=?4ﬂ

ExAnmPLE 5 Fid the sum of first n natural numbers,
SOLUTION  First n natural numbers are 1, 23,4,...n=1),n
Clearly, itis an A.P. with first term 1 and common difference 1

LetS, denote the required. Then,

S, = gl 1 +mn) [Using A T g(ﬁ' % f}J
= s nin+1)
n 2

EXAMPLE 6 The sumof first six terms of an arithmetic progression is 42. The ratio of its 10th term to
s 30th term is 1 3. Calculate the firstand the thirteenth termof the A.p. [CBSE 2009]
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SOLUTION  Leta be the first term and d be the common difference of the given A.P. Then,
6
56‘:42:’5'12‘7""':6'—1}{”:42:52(?4-5&1'—'14 (i)
Itis given that
My A3 =1:3
a+9d 1
=2 a+29d 3
= 3a +27d = a + 29d
= 2a-2d =0
= a=d . (11)
Solving (i) and (ii), we get a = d = 2 e
Ay =a+12d =2+2x12 =26
Hence, first term = 2 and thirteenth term = 26.
EXAMPLE 7 Find the sum of all three digit natural numbers, which are divisible by 7.
[CBSE 2006C]

est and the largest numbers of three digits, which are divisibleby 7 are
mbers which are divisible by 7 are

105 and common differenced = 7.

SOLUTION ~ The small
105 and 994 respectively. So, the sequence of three digit nu

105,112,119, ...,994. Clearly, itis an A.P. with first term a=
Let there be n terms in this sequence. Then,
a, =994 = a+(n-1)d= 994 = 105+ (n—-1)x7 =994 = n =128

Now,

Required sum = % {2a+(n-1)d)

=5 Requiredsm‘n=%3-{2x105+{128—-1)>c?}=?0336
ExAMPLE 8 Find the sum of all natural numbers between 250 and 1000 which are exactly divisible

by 3.

SOLUTION Clearly, the number
252,255, 258,...,.999.

This is an A.P. with first term a =252, Common difference = 3 and last term = 999,

Let there be n terms in this A.P. Then,

s between 250 and 1000 which are divisible by 3 are

a, =999
=3 a+(n-1)d=999
= 252 +(n—-1)x3 =999
= n = 250
250
Required sum = S, = ’-2' (a+1) = =~ (252 +999) = 156375
EXAMPLE o Find the sum of all odd integers between 2 and 100 divisible by 3,

SOLUTION The odd integers between 2 and 100 which are divisible by 3 are

3,9,15,21,...,99.
Clearly, itis an A.I. with first term a =3 and, common difference d = 6.
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Let there be n terms in this sequence. Then,

a, =99
il a+m-1)d =99
s, 3+{u—1]xfr-:~99::>f|:1?

Required sum = §, =%(n+.’} = 1—;(3+99) = 867

EXAMPLE 10 Ifthe ratioof the 11t term ofan A.P. to its 18t term is 2 3, find the ratio of the sum
of first five lerms to the the sum of its first 10 terms. '
SOLUTION  Let “a’ be the first term and *d’
It is given that

|CBSE 2017)
be the common difference of the given A P,

2o mlo 2 3a+30d =2a+34d = a=4d
Mg 3 a+17d 3 = 20+Ud=2a+2 ==
5
85 _ pt2a+(5-1dj “1{2“4[1 1 2><4d+4d]_1[1_gg]_ 6
S0 lg{gﬂﬂm_])d} 212a+9d) 212x4d+94] 2\174 ) 17

Hence, §,:5,,=6:17

[ype 1T ON FIDING THE NUMBER OF TERMS IN AN A.P. WHEN THEIR SUM IS GIVEN
EXAMPLE 11 How many terms of the series 54, 51, 48,... be taken so that their sumis 5137 Explain
the double answer. |CBSE 2005]

SOLUTION  Clearly, the given sequence is an A.P. with first term g (= 54) and common
differenced d (= - 3). Let the sum of 1 terms be 513. Then,

S, =513
- %{En+(n—l)d':513
= 1_;[![]8+(n ~1)x -3] = 513
- =37+ 342 = 0
= m-18)(n-19)=0 = n=18o0r,19

Here, the common difference is negative. So, 19th term is given by
g =3 +(19-1)x-3=0
Thus, the sum of 18 terms as well as that of 19 terms is 513,

. . 1 2 : .
EXAMPLE 12 Find the number of terms in the series 20 + 195 + 18—+ ... of which the sum is

3
300, explain the double answer.

SOLUTION The given series is an arithmetic series with first term @ (=20) and the common
difference 4 [ = E] . Let the sum of n terms be 300. Then,

3
8. =300

“n

— ;{2:I+[H—]}d}=3ﬂﬂ

S ———
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"
= E{?xZﬂ-l—-(H—]}{—EJ’B}: = 300

— i — 61 +900 = 0 = (n—25)(n—36)=0=n=250r36

Sp, sum of 25 terms = sum of 36 terms = 300.
terms go on diminishing and 31st term

Here, the common difference is negative therefore
terms when added to

becomes zero. All terms after 31st term are negative. These negative
positive terms from 26th term to 30th term, they cancel out each other and the sumre

same.
Hence, the sum of 25 terms as well as that of 36 terms is 300.

mains

RED TERM WHEN THE SUM OF n TERMS OF AN A.P. IS GIVEN
— 5% + 3n, then find its nth

[CBSE 2009]

Type [IT  ON FIDING THE DESI
EXAMPLE 13 If S, the sumof first n terms of an AP, isgiven by S,

fernt,
SOLUTION Leta, be the nth term of the A.I". Then,
a, = Sn_ Su—l
; . Replacing 1 by (1 —1)in 5,
= a, = (SH2 +3n) — (51" —7n +2)
= g, =100 —2

an®  Snoo.. .
+ _E_ Find its 25th term.

_ [CBSE 2006C]
SOLUTION Let S, denote the sum of 11 terms of an A.P. whose nth termis a,,
Wehave, '

EXAMPLE 14 [nan A P., the sumof first nternis Is

o S,1 = -2—(;1 - I):r il g(n -1) [Replacing 1 by (n =1)]
S5, =5,.1= {:-;-;—2 + 5; }' - { ';_-(u 1) %(u - ])}
= .rar"=%{u:—-{n~1)2}+g{ﬂ—{ﬂ—1]} [~ 4y =8, = Su]
= a, =E(2n—1)+—5—
2 2
= 55 :gt2x25—1}+g=%x49+§=?h [Replacing n by 25]

EXAMPLE 15 A manufacturer of TV sets produced 600 units in the third year and 700 units in the
seventh year. Assuming that the production increases uniformly by a fixed number cvery year, find

[CBSE 2015, NCERT]

SOLUTION Since the production increases uniformly by a fixed number every year
Therefore, the sequence formed by the production indifferent years is an A.P. #
[et a be the first term and d be the common difference of the A.P, tormed i.e., ‘0" denotes the

production in the first year and d denotes the number of units by which the production

increases every year.

L
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We have,

Ay =600 and @, =700 — 44 2d = 600 and a+ 6d = 700

Solving these equations, we get: a =550 and 4 = 25
(i) Wehave, g = 550

Production in the first year is of 550 TV sets.

(i) The productionin the 10th term is givenby a,,.

Production in the 10th year= ), =q+ 9d = 550 + 9x 25 = 775
50, production in 10th year is of 775 TV sets.
(iii) Total production in 7 years

=5Sum of 7 terms of the A.P. with first term a (=550) and common difference (4 (=25),

7
=5 (2% 550+ (7 1) x 25) = %mmnmy - 4375
Thus, the total production in 7 years is of 4375 TV sets.

EXAMPLE 16 A sum of T280 s to be used to award four prizes. If each prize after the first is 20
less than its preceding prize, find the value of each of the prizes, |CBSE 2014, NCER'T

SOLUTION  The values of four prizes form an A.P. with common difference d = — 20the sum
of whose terms is 280. Let the value of first prize be T a. Then,

Sum = 280
— §|2|I+(4-1]><~2[]}=28D
= 2(20-60)=280 = a-30=70 = a =100

Hence, the values of 4 prizes are T 100, % 80, 7 60 and % 40.

PXAMPLE 17 Ina school, students thought of planting trees in and around the school to reduce
noise polution and air polution. It was de

cided that the number of trees that each section of each class
will plant be the same as the class in which they are studying e.. —a section of I class will plant 1 tree,

a section of Il class will plant 2 trees and so on a section of class XI1 will plant 12 trees. There are three
sections of each class. How many trees will be planted by the students?

[CBSE 2014, NCERT]|

SOLUTION = Since each section of each class plants the same number of trees as the class

number and there are three sections of each class.
Total number of trees planted by the students
=3[1+243+...4+12]

3{?{2:41%12—1):(]}}=3{6[2+11)}_—.18>¢13=234

EXAMPLE 18 An A.P. consists of 37 terms. The sum of the three middle most terms is 225 and the
sum of the last three terms is 429. Find the A.P. INCERT EXEMPLAR]

SOLUTION  In 38 terms of the A.P., we find that 19% term is the middle term and 18t 19t and
20t terms are three middle most terms. _
Let a be the first term and d be the common difference of the A P. Then,

Mg + Ayg + Ay = 225 and, @35 + Ay + A3; = 429 [Given]
=5 (a+17d) + (a +18d) + (@ + 19d) = 225 and, (a + 34d) + (a + 35d) + (2 + 36d) = 429
=> 3q + 54d = 225 and 3a + 105d = 429
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== a+18d =75 and a + 35d = 143
= a=3and d =4
Hence, the A.P.is3,7,11, 15, ......
N AMPLE 19 Find the sum of all 11 terms of an A.P. whose middle most term is 30.
INCERT EXEMPLAR] be

SOLUTION  Letabe the first term and d be the common difference of the given A.P.Clearly, in

h
+1Y q
) i.e. 61 term is the middle most term. It is given that

an A.P. consisting of 11 terms, (

the middle most term is 30.
a4+ 5d = 30 ...(1)

11
S = {20+(11-1)d}=11(a+5d) =11 <30 = 330 (Using (i)]

1
EXAMPLE 20 [fthe mt™ term of an A.P.1s and the nth termis = show that the sum of mn terms

1
is E(ﬂm + 1). [CBSE 2015, 2017]

SOLUTION  Let a be the first term and d be the common difference of the given A.P. Then,

by == = g (m=1)d == ()
" 1"
1 | ;
and, a, =— = a+(n-1)d=— (i)
m m

Subtracting equation (ii) from equa tion (i), we get

el m-n 1
(m-nd=—-— = (m-n)d= = d=—
noom nm 1

Putting d = - in equation (i), we get

mn
1

a+(m-1)—=— = ;;-+l—i=l = nz-l-—
mn n nomn n mn

i = l'% {2a + (mn—1) d}

1 1
= Spm = mu) 2 +(mm=1)x—p =—(mn+1)
2 \mn mn

The sumofn, 2n, 3n terms ofan A.P.are S, S, Sy respectively. Prove that
S;=3(5%-%)
SOLUTION Let a be the first term and d be the common difference of the given A.P. Then,

EXAMPLE 21

” H
S, = Sum of n terms =5 =3 {20+ (n-1)d| i)
. 2
S, = Sum of 21 terms = 5, = -.f{ 2a+(2n-1)d| (i)
3n
and, S, =Sumof 3nterms =53 = — {20+ (Gn-1)d| ..(iif)



5.4 IATEH
Now,

¢ _¢ ZHI n

ol 120+ (2n - 1)d) 120+ (n-1)d)}

£ M
iy S, 51-—;;l2 ?.r!I('}H—l:ld"-—'Zﬂ'i-{”—l}d}]=;—i:2”"'(_3”_1_:“”

: . 3n
jl';\(\‘: ‘.‘:'ll}:- IEI] 1'(.-:'” ]}IF:':S]_

[Using (iii))
[{L‘nk.‘t'* Sl = 3(S-r et} )

o

EXAMPLE 22 The sums of n terms of Hiree arithmetical progressionsareS,, S,and S

3 The first tery,
of cach ts unity and the conmon differencesare 1, 2 and 3 respectively. Prove that S +5; =28,
SOLUTION  We have,

S1 = Sumof n terms of an A.P, with first term 1 and common difference |

- 5,:%;zxn(n—l)xl!='—2'{n+1]

S, = Sum of i terms of an AP, with first term | and common difference 2
!

-—

U

L
P

Il

[2x 14+ (n=-1)x2} = n?

P
= Sum of n terms of an A.P. with first term 1 and common difference 3

= S, :2'2al|-{u—l)x'¥‘ —{E-n—‘l)

! n 9
Now, 5+§, = r;(n + 1)+ ;(Z’-n -1)=2n" and S =n
Hence, S, +§, = 25,

ENAMPLE 23 The sum of the third and seventh terms ofan A-P.is 6 and their product is 8. Find the
stm of first sixteen terms of the AP,

SOLUTION  Leta be the first term and d be the common difference of the AP,
We have,

ay + a; = 6and aa, = 8

= (@+2d) +(a+6d)=6 and (a + 2d) (a + 6d) = 8
—> 20+8d =6and (a+ 2d)(a+ 6d) =8
= a+4d=3and (a+ 2d)(a + 6d) = 8
= 1M=3-4dd and (qa + 2d) (a + 6d) =
= (3—4d + 2d)(3 — 4d + 6d) = 8§ [Putting 7 =3 - 4d in the second equation |
= (3-2)(3+2d)=18
3 1
—dd-=8=dd" =1 i.f —=d==%-
= 9 - 4d* = 8 = 4d* =5 =3 5
1
CASEFL When d = _—1‘: Putting d = 3 N a=3-4d, we get
1
a=3-4x 5= -2=1
- _ 16,5 16-1)d! -3l ~ ) -
5“_;?'3;1.{16 1) ,_R}Z ]?izf—ﬂx-i-_?ﬁ
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s

1 :
vl 11 When d = —E: Putting d = —'l} ing=3-—4d, weget a = 3+42=5

-—

L

1D+15x—1}=BxE:ZG
2 2

pamrit 24 Ifinan AP, the sum of m terms is equal to nand the sum of n terms is equal tom, then

prove that the sum of (m + 1) terms is — (m + n).
SOLUTION Leta be the first term and d be the common difference of the give

16
Sl'ﬁ :-2_'{211“"‘{16—1}!1;:8

nA.P. Then,

S =it
m
s E{2n+(m—‘l}d}=n
y 2am +m (m—1)d = 2n (1)
and, S, =m
2 !
=5 E{2a+(u—1}djzm
= 2an + n(n—1)d =2m -(i1)

Subtracting equation (i) from equation (i), we get
2a(m—n)+{m(m-1)-nn- 1)jd=2n-2m

=5 2a(m—n)+ ‘(m"‘ —nt)-(m- n]I d=-2(m—-n)
= 2a+m+n-1)d=-2 [On dividing both sides by (m—m)] ...(1i1)
Now,

B = m;-n {2a+(m+ n-1)d}
=5 Spen = P (2 (Using (iii)]
= Spon = —(m+n)

EXAMPLE 25 If the sum of m terms of an A.P. is the same as the sum of its n terms, show that the sum

of its (m + n) terms is zero. [CBSE 2017}
SOLUTION Let a be the first term and d be the common difference of the given A.P. Then,

S = Sy

%{2&4-(”1—1)11] =-:—{2H+("*1)d}

=
=" 2ﬂ(nf—n)+{m(m—-1)—u(n—l)}d=U
= 2a(m —n)+ {l(m2 —n?)-(m- n)} d =10
= (m—n){l"n-&(nun—l)d}=U
= 2a+ (m+n-1)d=0 [wm-n=0] .0G)
Now,

S =m+”{2a‘+(m+n—l)d}=”H”x[}:[] [Using (i)]

m+n
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INAMIVE 26 The sum of the first p, q:rtermsofan A.P.area, b, ¢ respectively. Shorw thai

i b ;

—(:;-r]+-—[r— ]]+E. - =

) g P9 =0
SOLUTION - Let A bethe first term

and D be the common difference of the BIVeNn AP Then
@ = Sum of p terms

= P
E ﬂ:E{2A+(p—-l}Dﬁ
2n
= ——:IEAF T—I[”
P 1 [F } I {”
b = Sum of g terms
{
= h:%;mqq—lmi
2h
= — A |
— |F '..A I’(q ” L]I’ (“}
and, ¢ = Sum of r terms
= c=%{2ﬂ+[r—l)[}}
Iy
= —r—=1lﬂ+[rvl}D] (i)

Multiplying equation (i), (ii) and (iii) by (g-r),(r-p)and (P — q) respectively and
adding, we get

2 h ]
'—d-w-r)+2_{r—p)+2—L(p-lr)
4 q r

={2A+(p-1)D) [q-—r}+{2A+(q—i]D}{r—pl+{2ﬂ+(r—l}D} (p—q)
=2Ag=rer-prp=+D{(p-DQ-1)+@-1)(r-p) +(r-1) (p-q))
=2Ax0+Dx0=0

EXAMPLE 27 The ratio of the sum of n terms of two A.P's is (7n +1) : (4n + 27). Find the ratio of
their m™ terms.

SOLUTION  Letay, a; be the first terms and d,, d, the common differences of the two given
A.P"s. Then, the sums of their n terms are given by

S, == {2, +(1-1)d, } and, s,,'=52-’~[2a1+(n~|)d2}

n
5, ol +(-Dd] _ 24+ (n-1)d,
2a, +(n -1)d,

'l-"ur ;{2;13 *(J!-l)d}l

S, n+1
S' 4n+27
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20, + (n - 1) d, 7n+1 (1)
. =
2a, + (n=1)dy, 4n+27
To find the ratio of the mt" terms of the two given A.P’s,
equation (i).
Replacing n by (2m—1) in equation (i), we get
2a, + (2m—-2)d,  7(2m-1)+1
2a, + (2m—2)d, 4(2m-1)+27
a +(m-1)d;  14m-6
:::) =
ay +(m-1)d, 8m+23

Hence, the ratio of the m™ terms of the two A.I’s is (14m —6) : (8m +23).
EXAMPLE 28 The ratioof the sums of mand n terms of an A.P.1s m? : n2. Show that the ratio of the
[CBSE 2016, 2017]

mtt and nt terms is (2m—1) : (2n—1).
SOLUTION Let a be the first term and d the common difference of the given A.P. Then, the

sums of m and n terms are given by
Sn = -"—1{217+(m -1)d} and, S, = %{Ea + (n —1)d} respectively.

m =

we replace n by (2nt - 1) in

Then,

-;{Zﬂ-l-—[fr-l)d}

2a+(m—1)d _m
a+(n-1)d n

U

{2ﬂ+(m-1)d} n={2a+(mn-Ddjm
Zﬂ{n-m}=d{{n—1)m—(rn—]]n}

2a(n—m)=d(n—m)

d=2a

T, a +(m-1d _ a+(m-1)2a 2m-1
T, a+(n-1)d a+(n-D2a 2n-1
EXAMPLE 29 Ifthereare(2n+ 1)
the sum of even terms is (n+1):n.

b 0 4 U

SOLUTION Letaan
Let a, denote the kih terms of the given A.P. Then,

ay, —a+(k-1)d
Now, S = Sum of odd terms
= Sl={i1+ﬂ'3 + ag + .t A4
+1
= Sl = i :ﬂ-l +|‘?1"+1I

2

S el

Ls

erms in A.P., then prove that the ratio of the sum of odd terms and

d d be the first term and common difference respectively of the given A.P.
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n+1

5 {n+n+(2n+l~1}d1

4 S]=

[ Aanel =0+ (2041 - 1 ,-;]
s |

Si=Mm+1)(a+ nd)

and, 5, = Sumof even terms
= S, Mty g+,
n
- S, = —2_[”1 + iy, |
n
= 52=—2-[(u+d)+[r:+(2n—1)d}] & fu = a+(2n 1) 4]
= 5 = n(a+ nd)

S1:5 =+ D(a+ nd):nfa + nd) = (n + 1):n

EXAMPLE 30 Show that the sum ofan A.P,

whose first term is a, the second term is band the last

(a+c)(b+c-2q)

2(b-a) : INCERT EXEMPLAR

SOLUTION  Let there be n terms in the given AP,
We have,

termisc, is equal to

First term = a, second term = b
Common difference d = h-g
Itis given that the last term is ci.e. nth term=c.

c=a+m-1)d
= f:r‘.‘+(ﬂ'—])(b—ﬂ)
— n_l=f—ﬂ:}H=b_+_C;2_ﬂ

e ()
Let S, be the sum of 1 terms of the A.P. Then,

1" (b+c—-2a)(a+c)
E{aﬂ:)*—" 2(b-a) [Using (i)]

EXAMPLE 31 Solve theequation: 14+ 4 +7 +10 + ... + x = 287.
SOLUTION Here, 1,4,7,10,:..,x,isan A.P. w
3. Let there be 1 terms in the A.P. Then,

INCERT EXEMPLAR]
ith firstterma=1and common difference d =

x=nthterm = x=1+(n-1)x3=3n-2 (i)
Now,

1+4+7+10+ -+ x =287

- g(1+:r)=2b-'-? [Usingsf. =?-2!(ﬂ+”}
= ;_'(1 +3n - 2) = 287 [Using (i)]
= 32 -n=574 = 3n* -n-574=0 = 3?1‘2—42H+41H-—574=ﬂ

= 3n(n-14)+41(n-14)=0
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= mM-14)Bn+41)=0 = pn-14=0 [v 3n+4#0]

= n =14
Putting n = 14 in (i), we get x = 3x 14 - 2 = 40.

EXAMPLE 32 A contract on construction job specifies a penalty for delay of completion beyond a
third day, efc;

certain date as follows: F200 for the first day, T250 for the second day, 300 for the
the penalty for each succeeding day being 50 more than for the preceding day. How much does a
delay of 30 days cost the contractor? INCERT]
SOLUTION  Since the penalty for each succeeding day is T 50 more than for the preceding
day. Therefore, amount of penalty for different days forms an A.P. with first term a (= 200)
and common difference d (= 50). We have to find how much does a delay of 30 days cost the
contractor? In other words, we have to find the sum of 30 terms of the A.P.

Required sum = -?;—D [2% 200 + (30 —1) x 50| [ S, = ,—ZI[ZH +(n— 1)d]]
— Required sum = 15 (400 + 29 x 50)
= Required sum = 15 (400 + 1450)
= Required sum = 15 x 1850 = 27750

Thus, a delay of 30 days will cost the contractor of T 27750.

EXAMPLE 33 The digits of a positive integer, having three digits are in A.P. and their sum is 15.
The number obtained by reversing the digits is 594 less than the original number. Find the number.
SOLUTION Let the digits at ones, tens and hundreds place be (a - d), a and (a + d)

respectively. Then, the number is
(a+d)=100+ax 10 + (a — d) = 111a + 99d

The number obtained by reversing the digits is

(a—d)=x100 +ax10+ (a+d) = 111a - 99d
Itis given that the sum of the digitsis 15.

(a—d)+a+(a+d)=15 iy
Also, itis given that the number obtained by reversing the digits is 594 less than the original
number.

111a — 99d = 111a + 99d — 594 (i)
= 3g = 15 and 1984 = 594
= a=5andd =3

So, the number is 111 x 5+ 99 x 3 = 852,
EXAMPLE 34 A man repaysa loan of T3250 by paying <20 in the first month and then increases

the payment by 15 every month. How long will it take him to clear the loan?
SOLUTION Suppose the loan is cleared in n months. Clearly, the amounts form an A.P. with

first term 20 and the common difference 15.
Sum of the amounts = 3250

= %{2x20+(.‘-1—1}x]5}=325[]

= %(40 +15n - 15) = 3250



5,44 MA T
=5 n(15n + 25) = 6500
= 15n% + 25y — 6500 =
= 31 + 50 - 1300 = @
= (11 =20) (3n + 65) = @
65 65
— H:ZDUr’n:—-E.:} n =120 ]: ’ri___:{_J
Thus, the loan is cleared in 20 months.

EXAMPLE 35 A small terrace at a football ground comprises of 15 steps each of which is 50 1, long
. . 1 1 .
and built of solid concrete, Each step has a rise of 3 Mmandatread of 5 m(See Fig. 5.1). Calculate

rrace.

the
total volume of concrete required to build the te

INCERT
SOLUTION  We abserve that the length and width of each st

ep are 50 m and
respectively. Also, we have

m

M| =

Height of first step = i m.

Heightofsemndstep =(i+i]m ={2xl)m

Height of third step = % m and so on.

)

Zm

Fig. 5.1

Let v, v, 14, ... Vs dunote respectively the volumes of the concrete required to build
the first, Eecond, third, ..., tiiteenth step. Then,

11 1 1 - 1 1 :
VI =(5[]x5x—4-Jm3, V; :-{ﬁﬂwix(zsz}m ,V3—{5{]x-£x[3xz)}m3

V, =(5Ux%x]Jm3 and so on.

'




e
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. Total volume of the concrete = V; + V, + V5 + -+ + Vi3

={5ﬂx%x-}i}+{5ﬂx%x(2x%]}+{Sﬂx%[Sx:})}%-%{Sﬂxéx[ 15::&-]}- m?

1] 1 2 3 15
= 80n2] (S4sfs 21 3
[ xz 4+4+4+ +4 m )
— =1+2+§. +_1_5_ 3
4 4 4 4

25 -
=—‘n".l+2+3+--*+15}m3=§xE(1+35]m3=-§xEx]6m3=?5[}m3

4 4 2 4 2

EXAMPLE 36 200 logs are stacked in the following manner: 20 logs in the bottom row, 19 in the
next row, 18 in the row next to it and so on (see Fig. 5.2). In how many rows 200 logs are placed and
how many logs are in the top row? INCERT] el

SOLUTION Suppose 200 logs are stacked in 1 rows.

There are 20 logs in the first row and the number of logs in a row is one less than the i

number logs in the preceding row. So, number of logs in various rows form an A.P. with

first term a (= 20) and common difference d (= —1). As there are 200 logs in all rows.
(Sum of n terms of an A.P. witha=20and d=-1)= 200

-g-{zﬁ{n-ud} = 200

— 1

- 2220+ (1 =1 x -1} = 200

= g(m-nu):zun

= n(41 —n) = 400

= n* —4ln+400=10

= (n—-25)(n-16)=0 = n=16or,n=25
Now,

If n = 25, then number of logs in 25 row is equal to 25" terms of an A.P. with first term 20 and

common difference—1.
Number of logs in 25t row = a + 24d =20-24=+4

Clearly, this is not meaningful.
n=16
Thus, logs are placed in 16 rows.

Number of logs in top row
— Number of logs in 16 row
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=16 termof an AP, witha=20and d =-1
=+ 154
=20+15x-1=5

Hence, there are 5 logs in the top row.

"7 Raghav buys a shop for 1, 20.000. He
pay the balance in 12 annual mstalments

IXAMPLI pays halfof the amount in cash and
of T5000 each. If the rate of interest is 12% and he
the instalment the interest due on the unpaid amount, find the total cost of the shop.
SOLUTION - Raghav pays half of  1,20,000 i.c. 260,000 in cash and the bal
12 annual instalments of T 5000 each, With each instalm
amount at the rate of 12% per annum,

. Amount of first instalment =

agrees o
Pays woith

ance T 60,000 i

ent he pays interest on the unpaid

T5000 + Interest on unpaid amount of ¥ 60000
= 5000 +?(—E-x ﬁ{l{)[)ﬂ]
100

- Amount of second instalment =

=3 5000 + 37200 = T 12200

T 5000 + Interest on unpaid amount of T 55000

12
=3 5000 + ?(ﬁ x 55009] =T 5000 + T 6600 =T 11600

~ Amount of third instalment = ¥ 5000 + Interest on unp

=?5000+z[-‘ixamm}
100

aid amount of ¥ 50000

=¥5000 + T 6000 =T 11000

Clearly, amount of various instalments form an AP w

ith first term ¥ 12200 and
common difference - 600

Total cost of the shop =T[60,000 + Sum of 12 instalments]

=z[au,n00+ E;z x 12200 + (12 - 1)x(—am))}]
2

=X[60,000 + 6 (24,400 - 6,600) ]

=X[60,000 +1,06,800] =2 1,66,800

FXAMPLE 38 Tuwo cars start together in the same direction from the same place. The first goes with
wniform speed of 10 km/. The second oes ata speed of 8 km/h in the first hour and increases the speed
by 122 km in each succeeding hour. After how many hours will the second car overtake the first car if
both cars go non-stop?

SOLUTION  Suppose the second car overtakes the fi

rstcar after f hours. Then, the two cars
travel the same distance in f hours.

Distance travelled by the first car in { hours = 10 f km.

Distance travelled by the second car in t hours.

= Sum of t terms of an A.P. with first term 8 and common difference 1/ 2.

1 t(t+31)
:-;—_'Il.lxtl*r(t—”xi ='[_4——

When the second car overtakes the first car, we have

mr——u_””a”:,.mr=r*+31!:~r349!=0=>f{l-9]=ﬂ=:r=9

[t = 0]
Thus, the second car will overtake the first car in 9 hours,

T Ty
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EXAMPLE 39 150 workers were engaged to finish a piece of work ina certaim number of days. Four
workers dropped the second day, four more workers dropped the Hi rd day and so on. It takes 8 more
days to finish the work now. Find the momber of days in which the work was completed.

SOLUTION Suppose the work is comp!etéd in n days when the workers started dropping.
Since 4 workers are dropped on every day except the first day. There fore, the total number of
workers who worked all the i days is the sum of it terms of an A.P. with first term 150 and

common difference -4

Le., %|2x15{]+(n—]}w_4; = 1 (152 - 2n)

Had the workers not dropped then the work would have finished itin (n-8) days with 150
workers working on each day. Therefore, the total number of workers who would have

worked all the n daysis 150 (n-8).

n (152 — 2n) = 150 (n - 8)

152n — 2n* = 150n — 1200

2n* —2n -1200 =0

n* —n—-600=0
(n-25)(n+24)=0

n =25

Hence, the work is completed in 25 days.
EXAMPLE 40 Along a road lie an odd number of stones placed at intervals of 10 metres. These
stonies have to be assembled around the middle stone. A person can carry only one stone at a
time. A man carried the job with one of the end stones by carrying them in succession. In
carrying all the stones he covered a distance of 3 km. Find the number of stones.

SOLUTION Let there be (2n + 1) stones. Clearly, one stone lies in the middle and »n stones on
each side of it in a row. Let P be the mid-stone and let A and B be the end stones on the left and

right of P respectively.

[- n>=0]

b4 u iU

8.  Sh S, S S S22 Sha S
— 1 t $ } 1 - + + } { t .
i0m 10m
Fig.5.3

there are n intervals each of length 10 metres on both the sides of P. Now,
suppose the man starts from A. He picks up the end stone on the left of mid-stone and

goes to the mid-stone, drops it and goes to (n - 1) th stone on left, picks it up, goes to the
mid-stone and drops it. This process is repeated till he collects all stones on the left of the
mid-stone at the mid-stone. So, distance covered in collecting stones on the left of the

Clearly,

mid-stones is
10xn+2[10x(n ~D+10x(n—-2)+...+10x2+10 x 1].

After collecting all stones on left of the mid-stone the man goes to the stone B on the right
side of the mid-stone, picks it up, goes to the mid-stone and drops it. Then, he goes to
(n - 1) stone on the right and the process is repeated till he collects all stones at the mid-

stone.
Distance covered in collecting the stones on the right side of the mid-stone.

- Z[IUxn+1ﬂx[n—1]+1ﬂ>€["-2)+ +1Dx2+1{]x1]
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Totaldistance covered
=10xn l—2|;1ihl;n D+10x(n-2)+ ... +lﬂx2+lﬂx]]
+2[10xn410x (1 -1+ ... 4+10x2 419,
f4Lll1xr|+l[1x{r| -1+ ... +](]x2+1[)x1}—1[]xn |

=400142+3+...4+n}- l(}n=4U{§—(!+n)}—]0n=20n{ﬂ+1]—1[}n =20n" +10n

But, the total distance covered is 3km i.e. 3000 m
20m* + 10n = 3000

= 2n 4+ n-300 = 0 [ 2n 425 « )
— (n=12)(2n +25) = 0
=5 n=12

Hence, the number of stones — Mm+1=25

EXAMPLE 41 The houses of a row are numbered consecutively from 1 to 49. Show that there is g
value of x such that the sum of the numbers of the houses preceding the house numbered is equal to
the sum of the numbers of the houses following it. Find this value ofx. INCERT]

SOLUTION - Let there be a value of x such that the sum of the numbers of the houses
preceding the house numbered v is equal to the sum of the numbe

rs of the houses
following it i.e.,
Hﬂll.'it?'. 'Lfl HZ HJI Ht—] Hx HH'I e H-IQ
House No. 1 2 3 (x-=1 x (x+1)-- 49

]+2+3+~--+{x—1}=(x+l)+(x+2)+---+49

= 1+2+3+---+(.1:-1)={1+2+3+---+x+(x+1}+-~+49}~{]+2+3+---+_1')

= I;l|1+{I—1H=E;(1+49)_%(1+I} [USiﬂg: S"=L2![ﬁ+”jl
X(x-1) 49x50 x(x+1)

=5 = <

2 2 2
= x(x-1)=49x50-x(x+1)

(x? - x) + l[.'t2 +x)=49x50

= 2P -49x50
= 1 =49x25
= xX=7Ixs?
= x=7x5=35

Since, x is not a fraction. Hence, the value of x satisfying the given condition exists and is

equal to 35.

ENAMPLE 42 A ladder has rungs 25 cm apart (See Fig 5.4). The rung.
from 45 cm at the bottom to 25 cm at the top. If the top and bottom run

[Multiplying both sides by 2]

s decrease uniformly in length

the length of the wood required for the rungs? '
SOLUTION It is given that the gap between two consecutive rung
bottom rungs are 2.5 metrei.e., 250 cm apart.

gsare 2.5 metre apart, what is
INCERT]
$is 25cmand the top and




ARITHMETIC PRUX »RESSIOVNS 5.49

Number of rungs = %+1 =13

Itis given that the rungs are decreasing uniformly in length from 45 em at the bottom to 25 cm

at the top. Therefore, lengths of the rungs form an A.P. with firstterm a = 45 cm and 11% term

.
4

[
[
F— 45cm ——\

Fig. 5.4

Length of the wood required for rungs
= Sum of 11 terms of an A.P. with first term 45 cm and last term =25 cm

:1?1(45+ 25) cm [ S, =%m+n]

=725 cm.

":7['_25 cm

= 385 cm = 3.85 metres

EXAMPLE 43 A spiral is made up of successiv
starting with centreat A, of radii 0.5 cm, 1.0cm,1.5¢cm,2.0cm, .

e semi-circles, with centres alternately at A and B,
.. as shown in Fig. 5.5 what is the

(Tnke = %2—)
[INCERT]

I,; be the lengths (circumferences) of semi-circles of radii
pectively. Then,

total length of such a spiral made up of thirteen consecutive semi-circles?

SOLUTION Let Iy, L, 15, 1y, ..,
n=05cm,n =10cm, 13 = 1.5cm,r, =2.0cm, 5 = 2.5cm, ... res

T
I, = nn =nx[].5:'.'m=-2—cm

kLY

I, = mr =:r::<1cm=2[5)cm

A

3
= = —cm=3(-—)cm
BT R “ U

n
I4=n:r4=r:x2cm=4(-£]cm T
: la
Fig.5.5
en - 5()
li = Th3 =nax—cm =13 5 cm

la
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Total length of the spiral =l + 1y +1y -4 15

(5o {3 ()

(1+24+3+:++13)em

]
e,

| A

4

(]

xl—;{l +13) em |:Using 5. = ,-2’[:: + :‘}}

x]—xldcmzlx-z—zxmx?cm= 143 ¢cm
2 R

]

IR oA A

EXAMPLE 43 [n a potato race, a bucket is placed at the starting point, which is 5 m from the first
potato, and the other potatoes are placed 3m apart in a straight line. There ave n potatoes in the line

(See Fig. 5.6). Each competitor starts from the bucket, picks up the nearest potato, runs back with 1t
drops it in the bucket, runs back to pick up the next potato, runs to the bucket to drop it in the bucket
and she continues in the same wa

y until all the potatoes are in the bucket. What is the total distance the
competitor has to run?

[INCERT

im im im

Fig.5.6
SOLUTION We have,

d, = Distance run by the competitor to pick up first potato =2 x 5m

d, = Distance run by the competitor to pick up second potato = 2 (5 + 3) m

d; = Distance run by the competitor to pick up third potato =2 (5+ 2 x 3) m
d; = Distance run by the competitor to pick up fourth potato =2 (5 + 3 x 3) m

d, = Distance run by the competitor to pick up nth potato =2 {5 + (11 -1) x 3l m
~. Total distance run by the competitor to pick up n potatoes
=dy+dy +dy+--+d,

=2x5+2(5+3)+2(5+2x 3}+2{5+3x3}+~-+2{5+[n—1]x3}metres
=2[5+({5+3] +{5+(2x3};+{5+(3x3|+---+{5+m-1}x3;]
=2[[5+5+---+5}+{3+(2:-<3}+{3x3}+---+(n—1}x3}]

n-hmes

=2[5n+3{1+2+3+-~+(n-i)}]

=2[5n+3(n;1]{1+{ﬂ—1}}} [Usmg;sﬂ=%m+nJ

= 2{5,1 +W} =[10n+3n(n-1)]=3n"+7n= 1n(3n + 7) metres

—————  EXERCISE 5.6

(i) 50, 46,42, ... to 10 terms (i) 1,3,5,7,...t012 terms
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9.

11.

12,

13.
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(iii) 3,9/2,6,15/2,...t0 25 terms (iv) 41,36,31,..to 12 terms

(v) a+ba-ba-3Db,. . to22terms  (vi) (x - _;;)3, (%2 + y: ), (X + 1)° ..., to n terms
x-y 3x-2y 5x-3y

(Vi) vy’ x N R
xry X+l X+y

(viii) —26,-24,-22,...t0 36 terms.

Find thesumtontermofthe A.P. 5,2,-1,-4,-7, ...,

Find the sum of 11 terms of an AP, whose " terms is given by a, = 5 611.

Find the sum of last ten terms of the A.P.: 8,10,12,14,..,126.  [NCERT EXEMPLAR]

Find the sum of the first 15 terms of each of the following sequences having n'™ term as
@) a,=3+4n (i) b, =5+ 2n (iii)y x, =6-n (V) ¥, = 9 -5n1 INCERT]

Find the sum of first 20 terms of the sequence whose n'" term isa, = An + B.

Find the sum of the first 25 terms of an A.P. whose n'" term is given by a, = 2—3n.

[CBSE 2004]

Find the sum of the first 25 terms of an A.P. whose n'" term is given by a, = 7 = 3.
|CBSE 2004]

,... b0 11 terms

If the sum of a certain number of terms starting from first term of an A.P. is 25,22, 19, ..,
is 116. Find the last term.

10. (i) How many terms of the sequence 18, 16, 14, ... should be taken so that their

sum is zero?
(ii) How many terms are there in the A.P. whose first and fifth terms are — 14 and 2

respectively and the sum of the terms is 40 ?
(iii) How many terms of the A.P.9,17,25, ... must be taken so that their sum is 6367
[INCERT]
(iv) How many terms of the A.P. 63,60, 57, ... must be taken so that their sum is 6937
[CBSE 2005]

(v) How many terms of the A.P.27,24,21... should be taken so that their sum is zero?
[CBSE 2016]

Find the sum of the first
(i) 11 termsof the A.P':2,6, 10, 14, ..
(ii) 13termsofthe A.P:-6,0,6,12,...
(iii) 51 terms of the A.P: whose second term is 2 and fourth term is 8.
Find the sum of
(i) the first 15 multiples of 8 [NCERT, CBSE 2017]
(i) the first40 positive integers divisible by (a) 3 (b) 5 (c) 6. [NCERT]
(iii) all 3 - digit natural numbers which are divisible by 13. |CBSE 2006C]
(iv) all 3-digit natural numbers, which are multiples of 11. [CBSE 2012)
(v) all 2-digit natural numbers divisible by 4. |CBSE 2017)
(vi) first 8 multiples of 3. [CBSE 2018]
Find the sum: B
(i) 2+4+6+..+200 (i) 3+ 11+19+...+ 803
(iii) (-5)+ (-8)+ (-11)+..+(-230) (V) 1+3+5+7+..+199
1 .
(v) 7+105+14+---+54 (vi) 34+32+30+...410
(vii) 25+28 + 31+ ... +100 [CBSE 2006C]
1
(viii) 18+15%+ 13+ -+ [—49—2*) [CBSE 2013]

La
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]

14. The first and the last terms of an A.P. are 17 and 350 respectively. If the commop,
difference is 9, how many terms are there and what is their sum?

15. The_ third term of an A.P. is 7 and the seventh term exceeds three times the third te
2. Find the first term, the common difference and the sum of first 20 terms.

16. The first term of an A.P.is 2 and the last term is 50. The sum of all these terms s 442. Find
the common difference.

17. 1£12" term of an A.P. is -13
first 10 terms ?

rm by

and the sum of the first four terms is 24, what is the sum of

1 2 3
18. Find the sum of n terms of thﬂseries(‘l = ;)-P (4 - H) + [4 = ;] + ..
[CBSE 2017)
19. Inan A.P., if the first term is 22, the common differenceis —4 and the sum to 1 terms is 6,
find n.

20. Inan AP, if the 5" and 12" terms are 30 and 65 respectively, what is the sum of first 2

terms?
21. Find the sum of first 51 terms of an AP, whose second and third terms are 14 and 18
respectively. INCERT]

22, If the sum of 7 terms of an A.P. is 49 and that 0f 17 terms is 289, find the sum of n terms.

[CBSE 2013, 2016, NCERT]
23. The first term of an A.P. is 5, the last term is 45 and the sum is 400. Find the number of
terms and the common difference. [INCERT]

24. Inan A.P. the first term is 8, nth term is 33 and the sum to first n terms is 123. Find
d, the common differences.

and
[CBSE 2008]
25. Inan A.P,, the first term is 22, nth term is-11 and the sum to first n terms is 66. Find 1 and

d, the common difference. [CBSE 2008]
26. The first and the last terms of an A.P. are 7 and 49 respectively. If sum of all its terms is
420, find its common difference. [CBSE 2014]
27. The first and the last terms of an A.P. are 5 and 45 respectively. If the sum of all its terms
1s 400, find its common difference. [CBSE 2014]
28. The sum of first q terms of an A.P. is 162. The ratio of its ™ term to its 13" term is
1: 2. Find the firstand 15" term of the A.P. [CBSE 2015]

29. If the 10th term of an A.P.is 21 and the sum of its first ten terms is 120, find its n™ term.

[CBSE 2014]
. 30. The sum of the first 7 terms of an A.P. is 63 and the sum of its next 7 terms is 161. Find the

28" term of this A.P. |CBSE 2014]
31 The sum of first seven terms of an A.P. is 182. If its 4th and the 17th terms are in the ratio
1:5, find the A.P. [CBSE 2014]

32. The nth term of an A.P. is given by (~4n +15). Find the sum of first 20 terms of this A.T.
[CBSE 2013)
33. Inan A P., the sum of first ten terms is =150 and the sum of its next ten terms is =550. Find

the A.P. [CBSE 2010]
34. Sum of the first 14 terms of an A.P. is 1505 and its first termis 10. Find its 25" term.

[CBSE 2012]
35. Inan A.P., the first term is 2, the last term is 29 and the sum of the terms is 155. Find the

common difference of the A.P. [CBSE 2010]
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36. The firstand the last term of an A.P. are 17 and 350 respectively. If the common difference
' [NCERT]

37.

38.

39.
40.

41.

42.

43.

44.

46.

47.

48.
49.
50.

51.

52.
53.
54.
55.

is 9, how many terms are there and what is their sum?
Find the number of terms of the A.P. -12, -9, -6, ..., 21. If 1 isadded to each term of this
A.P., then find the sum of all terms of the A.P. thus obtained. [CBSE 2013]
The sum of the first 1t terms of an A.P. is 3#% + 6n. Find the nth term of this A.P.

[CBSE 2014]
The sumof first i terms of an A.P. is 5y — 5. Find the n" term of this A.P. [CBSE 2014]
The sum of the first 1t terms of an A.P. is 41? + 2n. Find the n" term of this A.P

[CBSE 2014]

The sum of first 1 terms of an A.P. is 3n” + 4i. Find the 25th term of this A.P.

[CBSE 2013}
The sum of first 1 terms of an A.P. is 5n% + 3n. If its nith term is 168, find the value of m.
Also, find the 20th term of this A.P. |[CBSE 2013]
The sum of first g terms of an A.P. is 631 - 3¢°. 1f its pth term is - 60, find the value of p.
Also, find the 11th term of this A.P. [CBSE 2013]
The sum of first m terms of an A.P. is 4ni® = ni. 1f its nth term is 107, find the value of 1. Also,
find the 21st term of this A.P. [CBSE 2013]
If the sum of the first n terms of an A.P.is 41 - n°, whatis the first term? What is the sum

of first two terms? What is the second term? Similarly, find the third, the tenth and the

nth terms. INCERT]
1 5

If the sum of first n terms of an A.P. is 5 (3n° + 7n), then find its n'™ term. Hence write its

20" term. [CBSE 2015]

: . 3n- 3 : ;

In an A.P., the sum of first 1 terms is “_:- 5 13 n. Find its 25" term. [CBSE 2006C]

Find the sum of all natural numbers between 1 and 100, which are divisible by 3.

Find the sum of first n odd natural numbers.

Find the sum of all odd numbers between

(i) 0and 50 [CBSE 20171 (ii) 100 and 200.
Show that the sum of all odd integers between 1 and 1000 which are divisible by 3

is 83667.
Find the sum of all integers between 84 and 719, which are multiples of 5.

Find the sum of all integers between 50 and 500, which are divisible by 7.

Find the sum of all even integers between 101 and 999.

(i) Find the sum of all integers between 100 and 550, which are divisible by 9.
s between 100 and 550 which are not divisible by 9.
and 500 which are multiplies of 2 as well as of 5.
00 which are multiplies 2 as well as of 5.
0 which are multiples of 2 or 5.

(i) all intege
(iii) all integers between 1
(iv) all integers from 1to5
(v) all integers from 1 to 50
Let there be an A.P. with first term ‘a’, common difference ‘d’. If a, denotes its n'" term
and S, the sum of first 1 terms, find.

(i) nandS,,ifa=5d=3anda, =50. (ii) nanda,ifa, =4,d =2and S, = -14.
(iv) a,ifa, = 28,5, =144andn =9,

(iii) d,ifa =3,n=8and5, = 192,
=210,

(v) nandd, if a = 8,a, = 62and S,
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58.

6.

61.

62.

63.

64.

65.

b6.

b8,

- The sums of first n terms of three A.P.s are 51,5, and 54, The first term of each is 5

MATHEM A

(vi) nandﬂ,,,ifa=2,d=3and5"=9{], INCERT

(vid) k,if S, = 3n® + Snand a, = 164. (viii) Sy, ifd =22 and ay, = 149

. If S, denotes the sum of first n terms of an A.P., prove that S, = 3(5;-5,).

INCERT EXEMPLAR, CBSFE 21 151
A thief, after committing a theft runs at a uniform speed of 50 m/minute. After 2 minuges,
a policeman runs to catch him. He goes 60 min first minute and increases his speed by

5 m/minute every suceeding minute. After how many minutes, the policeman will catch
the thief? [CBSE 2014

and
their common differences are 2, 4 and 6 respectively. Provethat §, + S, = 25,

|CBSE 2016
Resham wanted to save at least T 6500 for send ing her daughter to school next year (after
12 months). She saved ¥ 450 in the first month and raised her savings by

month. How much will she be able to save in next 12 months ? Will she be able to send
her daughter to the school next year? [CBSE 2016)

In a school, students decided to plant trees in and around the school to reduce air
polution. It was decided that the number of trees, that each section of each class will
plant, willbe double of the class in which they are studying, If there are 1 to 12 classes in
the school and each class has two sections, find how many trees were planted by the
studetns. [CBSE 2014)

Ramkali would need ¥ 1800 for admission fee and books etc., for her daughter to start
going to school from next year. She saved T 50 in the first month of this year and
increased her monthly saving by ¥ 20. After a year, how much money will she save? Will
she be able to fulfil her dream of sending her daughter to school?

20 every next

[CBSE 2005, 2014]

A man saved ¥ 16500 in ten years. In each year after the first he saved 2 100 more than he
did in the preceding year. How much did he save in the first year?

A man saved ¥ 32 during the first year, T 36 in the second year and in this way he
increases his savings by T 4 every year. Find in what time his saving will be ¥ 200.

A man arranges to pay off a debt of ¥ 3600 by 40 annual instalments which form an
arithmetic series. When 30 of the instalments are paid, he dies leavin g one-third of the
debt unpaid, find the value of the first instalment.

There are 25 trees at equal distances of 5 metres in a line with a well, the distance of the
well from the nearest tree being 10 metres. A gardener waters all the trees separately
starting from the well and he returns to the well after watering each tree to get water for
the next. Find the total distance the gardener will cover in order to water all the trees.

- Aman is employed to count ¥10710. He counts at the rate of Z180 per minute for half an

hour. After this he counts at the rate of ¥ 3 less every minute than the preceding minute.
Find the time taken by him to count the entire amount.

A piece of equipment cost a certain factory Y 600,000. If it depreciates in value, 15% the
first, 13.5% the next year, 12% the third year, and so on. What will be its value at the end
of 10 years, all percentages applying to the original cost?




A IR

Ak =
L=

ARITHMETIC PROGRESSIONS 555

69. A sum of T 700 is to be used to give seven cash prizes to students of a school for their
overall academic performance. If each prize is T 20 less than its preceding prize, find the
value of each prize.

[ 70. If S, denotes the sum of the first i termsofan A.P,, provethat 55, = 3 (S5 — Syg)-
[CBSE 2014]

71. Solve the question: (—4) + (-1) + 2 + 5+ --- + x = 437. INCERT EXEMPLAR]

72. Which term of the A.P.~2,-7,-12, ... will be =777 Find the sum of this A.P. upto the term
-77.

73. The sum of first 11 terms of an A.P. whose first term is 8 and the common difference is 20 is
equal to the sum of first 2n terms of another A.P. whose first term is = 30 and common
differenceis 8. Find n. INCERT EXEMPLAR]

74. The students of a school decided to beautify the school on the annual day by fixing
colourful on the straight passage of the school. They have 27 flags to be fixed at
intervals of every 2 metre. The flags are stored at the position of the middle most flag.
Ruchi was given the responsibility of placing the flags. Ruchi kept her books where
the flags were stored. She could carry only one flag at a time. How much distance did
she cover in completing this job and returning back to collect her books? What is the
maximum distance she travelled carrying a flag? INCERT EXEMPLAR]

— - = - —e= - ANSWERS
1. (i) 320 (i) 144 (iii) 525 (iv) 162 (v) 22a — 440b
" B} 2 ] a1 n - Ee ias
(vi) n{(e—y)* +n-1)xy| (vii) 2(x+y){” (2x=y)—y| (viii) 324 {
n Ve
2. 5(13 -3n) 3.n(2-3nm 4.1170 5. (i) 525 (ii) 315 (iii)— 30 (iv) - 465
6. 210 A +20B 7.-925 8. — 800 9.4
10. (i) 19 (i) 10 (iii) 12 (iv) 21, 22 (v) 19
11. (i) 242 (1) 390 (iii) 3774
12. (i) 960 (i) (a) 2460 (b) 4100 (c) 4920 (iii) 37674 (iv) 44550 (v)1188 (vi) 108
2093
13. (i) 10100 (i) 40703 (i) -8930  (iv) 10000 V) — (vi) 286
(vii) 1625 (viii) —441 14. 38,6973  15.-1, 4, 740
1
16. 3 17.0 18. 5(?" ~-1) 19.40r8 20. 1150 21. 5610
22, n? 23.n=16,d=8/3 24.n=6,d=5 25. n=12,d=-3
8
26. 3 27. d = 3 28. 6, 48 29.2n+1 30. 57
31. 2.10,18,26, .. 32. 760 33.a=3,d=-4 34. 370
35. 3 36. n=38,5=6973 37. 12, 66 38. 61+ 3 39. 6 -2n
40. 4n-2 41. 151 42, m =17, a3,=198 43. p=21,a;, =0
44.n =14, a,, = 163 45.5,=1,5,=4,m=1,5=3,a;=-1,a;,=-15
46, a, = 3n+2, a4, = 62 47. 80 48. 1683 49. n?
50. (i) 625 (ii) 7500 52. 50800 53. 17696 54, 246950
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ﬁ: 55. (i) 16425 (ii) 129500 (i) 12250 (iv) 12750  (v) 75250
F 56. (i) n=16,S, =440 (i)n=7a=-8 (iiiyd=6 (iv) a=4,
54
1:‘ (V) n=b, 8= (vi) n=5,a,=34 (vii) 27 (viii) - 1804
1]
! ‘ 58. 5 60. T 6720, Yes 61. 312 62. 1920, Yes 63. T 1200

| 64. 5years 65. X 51 66.3500m  67. B9 minutes

| 6815000  69. Values of the prizes (in?) are: 160, 140, 120, 100, 80, 60, 40

71. 50 72. 16th term, — 632 73. 11 74. 728 m, 26 m

—— VERY SHORT ANSWER TYPE QUESTIONS (VSA Qs)

Answer each of the following questions either in one word or one sentence or as per requtirement of the
questions:

1. Define an arithmetic progression.
Write the common difference of an A.P. whose nth term is @, = 31 + 7.
Which term of the sequence 114, 109, 104, .... is the first negative term?
Write the value of ay, — a, forthe A.P. 4,9, 14,19,......

2
3.
4.
5. Write 5th term from the end of the A.P. 3,5,7,9, ..... 201.
6. Write the value of x for which 2x, x + 10 and 3x + 2 are in AP,
7.
8.
0,

Write the nth term of an A.P. the sum of whose n terms is 8.
Write the sum of first n odd natural numbers,
Write the sum of first n even natural numbers.
10. Ifthesum of nterms ofan A.P.is S, = 3n* + 51 . Write its common difference.

11. Write the expression for the common difference of an A.P. whose first term is a and nth
term is b,

12. The first term of an A.P. is p and its common difference is . Find its 10th term.

[CBSE 2008]
For what value of pare 2p +1,13, 5p - 3 are three consecutive terms of an A.P.?
[CBSE 2009]

13.

14. If % , A, 2are three consecutive terms of an A.P., then find the value of a.

[CBSE 2009]
15. If the sum of first p term of an A.P. is ap® + bp, find its common difference.

[CBSE 2010]
16. Find the 9th term from the end of the A.P. 5,9, 13,.. ., 185. [CBSE 20161

17. For what value of k will the consecutive terms 2k + 1, 3k + 3 and 5k - 1formon A.P.7?

[CBSE 2016]

1 14+m 1+42m
18. Write the nth term of the A.P. —, ’

i [CBSE 2017]
m m m

19. Inan A.P., if the common difference d = —4, and the seventh term a, is 4, then find the

first term. [CBSE 2018]

S ANSWERS

rd

. 3 3. 24th 4. 100 5 193 6. 6 7. a, = S" = 5”_1 B. ”2
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+1) 10. 6 .. z
1 4 4. =
9, n( 1, ——s 12. p+9q 13. 4 4. 5
o +1
15. 2a 16. 153 17. 6 18. Ei”—l}—- 19. 28
nt

MULTIPLE CHOICE QUESTIONS (MCQs)

Mark the correct alternative in each of the following:
1. If 7th and 13th terms of an A.P. be 34 and 64 respectiveiy, then its 18th te
(a) 87 (b) 88 (c) 89 (d) 90
5 If the sum of P terms of an A.P. is and the sum of g terms is p, then the sum

will be
(a) 0 (b) p-1q (c) p+q (d) -(p+q
3. If the sum of n terms of an A.P. be 312 + n and its common differenceis 6, then its first
term is
(a) 2 (b) 3 (c) 1 (d) 4
4. The first and last terms of an A.P. are 1 and 11. If the
number of terms will be
(a) 5 (b) 6 ' (c) 7 (d) 8

5. If the sum of n tems of an A.P.1s 3n? + 5n then which of its terms is 1647
(a) 26th (b) 27th (c) 28th (d) none of these.

6. If the sum of n terms of an A.I. is 2n° + 5n, thenits nthtermis

(a) 4n -3 (b) 3n-4 (c) 4n+3 (d) 3n+4
d the product of the

rm is

of p+qterms

sum of its terms is 36, then the

7 If the sum of three consecutive terms of an increasing A.P. is 51 an
first and third of these terms is 273, then the third termis
(a) 13 (b) 9 (c) 21 (d) 17
8. If four numbers in A.P. are such that their sum is 50 and the greatest number is 4 times

the least, then the numbers are
(ﬂ.] 5: 1{].- 15: zﬂ (b) 4; 10; ]6r 22 (C:l 3: ?f 11; 15 [d} none Uf thESE

9. Let S, denote the sum of n terms of an A.P. whose first term is a. If the common difference
dis givenby d = 5, — kS, + Sp-2+ thenk =
(a) 1 (b) 2 (c) 3 (d) none of these.
10. The first and last term of an A.P. areaand/ respectively. If S is the sum of all the terms of

2 3

-

the A.P. and the common difference is given by .{_IT_.’T_] Cthen k =
[ a

(b) 25 (c) 35 (d) none of these

(a) S
st n even natural numbers is equal to k times the sum of first n odd natural

11. If the sum of fir
numbers, then k=

1 n-1 n+ 1 n+1
(a) = (b) " (c) n (d) n
12. 1f the first, second and last term ofan A.P. .snr:;’uE b and 2a respectively, its sum is
ab ab i
(c) 2(b - a) (d) none of these

@ 3p-0 ® v-a



5.58

MATHEM AT
13. 1f Sy is the sum of an arithmetic progression of ‘n’ odd number of terms and 5,5 the sum
of the terms of the series in odd places, then i =
2n n n+1 n+1
@) n+1 ©) n+1 © 2n @ n
14. IfinanA.P, S = n’p and S, = m’p, where S, denotes the sum of r terms of the AP,
then S, is equal to
(a) EF’J (b) mnp © p° (d) (m+n)p?
15. 1f 5, denote the sum of the first n termsofan A.P.If S,, = 35S, , then Sy, 1 S, is equal to
(@) 4 (b) 6 c) 8 (d) 10
16. Inan AP, 5, =4, 5, = p and S, denotes the sum of first r terms, Then, S,,., is equal to
(@ 0 b) ~(p+q) © p+q (d) pq
17. IF S, denotes the sum of the first  terms of an AP, Then, S;, : (S, = S,,) is
(@) n (b) 3n (c) 3 (d) none of these
18. 1fthe first term of an A.P. is 2 and common difference is 4, then the sum of its 40) terms is
(a) 3200 (b) 1600 (c) 200 (d) 2800
19. The number of terms of the A.P. 3,7, 11, 15, ... to be taken so that the sum is
406 is
{a) 5 (b) 10 ) 12 (d) 14
20. Sumof i terms of the series V2 + V8 + VI8 + V32 + .--is
nn+1) nn+1)
(a) > (b) 2n(n+1) (c) NG (d) 1
21. The 9th term of an A.P. is 449 and 449th term is 9. The term which is equal to
Zerois
(a) 501* (b) 502" (c) 508™ (d) none of these
22. If 1 : arein A.P. Then, x =
T T xa 2Ty 3 xes MEHAL T
(@) 5 (b) 3 (c) 1 (d) 2
23. The n" term of an A.P., the sum of whose 1 terms is S,.,is
(a] 5". + Sﬂ—l (b} Sn _Sn—l [C] SI'I +Sﬂ‘.*1 (d) SJI = SiH-]
24. The common difference of an A.P., the sum of whose n terms 5545
(a) Sn = ?-Sn-] +5n-2 (b) 5rl “25"_1 _'Sn_z
I:C] Srr . S|r—2 (’d) S" = S,,_]
: : ; 2 3n+5 Y
25. If the sums of n terms of two arithmetic progressions are in the ratio %I—?-, then their
n™ terms are in the ratio
1”_] 3H+1 5”+1 5”_]
: o on-1
® 5 ©) 5n + 1 © n+1 @ 3n-1
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26.

27.

28.

29.

30.

31.

32.

36.

37

38.

39,

35.

If S, denote the sum of n terms of an A.P. with first term @ and common difference d such

S
that S_X_ is independent of x, then
kx
(a) d=a (b) d=2a (c) a=2d d) d=-a P
If the first term of an A .P. is e and n'" term is b, then its common difference is b
b—a b—a bh-a b+a
{a) nm+1 {b) n-1 (l::l n (d] n=1
The sum of first n odd natural numbers is
(a) 2n-1 (b) 2n+1 (c) n? (d) n*-1
Two A.P.’s have the same common difference. The first term of one of these is 8 and that
of the other is 3. The difference between their 30" terms is
(a) 11 (b) 3 (c) 8 (d) 5 prear
1f18,a,b,~-3arein A.P., thea+b=
(a) 19 (b) 7 () 11 (d) 15
The sum of 1 terms of two A.P.’s are in the ratio 51 +9: 91 +6. Then, the ratio of their 18"
term is
179 178 175 176 )
@ 31 ®) 351 © 331 @ 33 ‘
54+9+13 +---ton terms _E ,3'
5 9+ 11+ to(n+terms 16 TEN"= /
(a) 8 b) 7 (c) 10 (d) 11 '
. The sum of n terms of an A.P. is 3n® + 5n,then 164 is its
(a) 24" term (b) 27" term (c) 26" term (d) 25" term
If the 1™ term of an A.P. is 2n + 1, then the sum of first n terms of the A.P. is
(a) n(n-2) b) n(n+2) () n(n+1) (d)y n(n-1)
118" and 11" term of an A.P. arein the ratio 3: 2, thenits 21% and 5™ terms are in the ratio
(a) 3:2 b) 3:1 () 1:3 (d) 2:3
The sum of first 20 odd natural numbers is
(a) 100 () 210 (c) 400 (d) 420 [CBSE 2012]
1- 1-
The common difference of the A.P. is %, 2q2q ; 2‘:“3 e
(a) -1 b) 1 () g (d) 2q [CBSE 2013] |
i
1 1-3b 1-6b
The common difference of the AP 3" —3 T
1 1
(@ 3 ®) 3 (c) b (d) b [CBSE 2013]

1 1—-6b 1-12b )
The common difference of the A.P. 5.+ oy 5y s
(b) —2b © 3 (d) -3 [CBSE 2013]

&

(a) 2b
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40.

41.

42.

ra

- The 1™ term a,, of an A.P. with first term ‘4’ and common difference ‘d’ i

MATHEMA T1¢ «

It k, 2k~ 1and 2k + 1 are three consecutive terms of an AP, the value of k is

(a) -2 (b) 3 (c) -3 (d) 6 [CBSE 2014
The nexttermof the A.P. 7, J28, J63.. .
(@) J70 b) 84 (©) o7 (d) V112 [CBSE 2014
The first three terms of an A P. respectivel

yare3y-1,3y+5and 5y+ 1. Then, yequals
(a) -3 (b) 4 (©) 5 (d) 2 [CBSE 2014)

- ——— — ANSWERS
1. (c) 2 (d) 3. (a) 4. (b) 5. (b) 6. (c)

7. () 8. (a) 9. (b) 10. (b) 11. (d) 12. (c)
13. (a) 14. (c) 15. (b) 16. (b) 17. (c) 18. (a)
19. (d) 20. (c) 21. (o) 22. (o) 23. (b) 24, (a)
25. (b) 26. (b) 27. (b) 28. (c) 29. (d) 30. (d)
31. (a) 2. (b) 33. (b) 34, (b) 35. (b) 36. (¢
37. (a) 38. () 39. (d) 40. (b) 1. (d) 42. (o)

SUMMARY

- A sequence is an arrangement of numbers or objects in a definite order.
- A sequence ay,a,,a,,...,a

(... is called an arithmetic progression, if there exists a
constant i such that

Ay -y =d,ay —ay =d,ay —ay = d,...,a,,, —a, =d and so on.
The constant ‘d" is called the common difference.

- If'a" is the first term and ‘d’ the common difference of an AP, then the A_P. is

aa+da+2d,a+3d,a+4d,. ..

- Asequence a,,a,,a,,...,4,,...is an AP, if ;41 = a, is independent of n.
- Asequence ay, a,,4y,...,4a,, ...isan AP, ifand only ifits »

"term a, is a linear expression
in 1 and in such a case the coefficient of 1 is the common difference.

s given by
a, =a+(n-1)d.

. Lettherebe an A.P. with first term ‘4’ and common differen

ced. If there are m terms in the
AP, then

1™ term fromtheend = (m — n + 1) term from the beginning

=a+(m-n)d
Also,

n' term from theend = Last term + (11 — 1) (—d)

= 1= (n-1)d,where!denotes the last term.
Various terms is an A.P. can be chosen in the following manner.

Number of terms Terms Common difference
3 a-d,a,a+d d
4 a-3d,a-d,a+d,a+3d 2d
5 a-2d,a-d,a,a+d,a+2 d
6 a-5d,a-3d,a+d,a+3da+5d 2d
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g9, The sum ton terms of an A.P. with first term “a’ and common difference ‘d’ is given by

s,,='—2'{2a+(n—1)d}

Also, Sy :%{a+1],wheref = lastterm =g+ (n-1)d
10. If the ratio of the sums of 1 terms of two AP”s is given, then to find the ratio of their n
terms, we replace nby (21 — 1) in the ratio of the sums of i terms.

11. A sequenceisan A.P. ifand only if the sum of its 1 terms is of the form An® + Bn,
A, B are constants. In such a case the common difference is 2A.

th

where

*

g



