HI EVERYONE,

THE REAL LEARNING IN MATHEMATICS HAPPENS WHEN YOU ACTIVELY ENGAGE WITH A PROBLEM, EXPLORE DIFFERENT
METHODS, AND WORK THROUGH CHALLENGES. THEREFORE, WE STRONGLY ENCOURAGE YOU TO USE THIS SOLUTION
KEY RESPONSIBLY.

PLEASE ATTEMPT ALL THE PROBLEMS ON YOUR OWN FIRST, GIVING THEM YOUR BEST AND MOST HONEST EFFORT.
THESE SOLUTIONS ARE TO HELP YOU GET UNSTUCK ON A PROBLEM AFTER YOU HAVE ALREADY TRIED YOUR BEST.

YOUR EFFORT AND DEDICATION ARE THE TRUE KEYS TO SUCCESS.

( Exam Date: 16th November 2025 )

Syllabus: Sequences & Series

Sub: Mathematics CT-09 JEE Main Regular - Solution Prof. Chetan Sir
1. The product 21 - 476 - 818 - 1672 - ... to 00 is equal to:
(A) 2 (B) 22 (€)1 (D) 23
s N
Answer: (B)
Solution: Let the product be P. First, we express all bases as powers of 2.
P =(2Y)3.(22)% . (23)35 . (24)T® .- ...
P —92%.91% .93 .91
P —2i.2% .91 .23 .

When multiplying powers with the same base, we add the exponents.

1 1 1 1
P=25 where S= -4 >4 —+—+...
where S = +tgt gt T

The series S is an infinite Geometric Progression (G.P.) with: First term a = 7 Common ratio r = % =1
The sum of an infinite G.P. is Soo = 1%, for |r| < 1.
1/4 1/4 1 1
1-1/2 1/2 4 2
Therefore, the product P = 25 = 23
§ J
2. If a1,a9,a3,...,a, are in A. P. and a1 + a4 + a7 + - - - + a1 = 114, then a1 + ag + a11 + a16 is equal to:
(A) 64 (B) 98 (C) 38 (D) 76
- N
Answer: (D)

Solution: Let the first term be a; and the common difference be d. The given sum is S = a1 + a4 + a7 + a0+
a13 + a1 = 114. The indices 1,4,7,10,13,16 form an A.P. with 6 terms. Express each term in S; in terms of
a1 and d:

Sy = (a1) + (a1 + 3d) + (a1 + 6d) + (a1 + 9d) + (a1 + 12d) + (a1 + 15d) = 114
Combine the terms:
6a; +(3+6+9+ 12+ 15)d =114
6a; + 45d =114
Divide the entire equation by 3:
2a; + 15d = 38
Now, let’s analyze the sum we need to find, Sy = a1 + ag + a11 + a16- Express these terms in terms of a; and d:

So = (a1) + (a1 + 5d) + (a1 + 10d) + (a1 + 15d)




Combine the terms:

Sy = 4a; + (5+ 10 + 15)d = 4a; + 30d

We can factor out a 2 from this expression:

Sy = 2(2a; + 15d)

We already found that 2a; + 15d = 38.

Sy = 2(38) = 76

3. The number of terms common to the two A.P.’s 3, 7, 11, ..., 407 and 2, 9, 16,

ceey

709 is

Ve

Answer: 14
Solution:

We are given two arithmetic progressions:
First A.P. (APy): 3,7,11,...,407

First term a; = 3, common difference d; = 4.
SecondA.P.(AP3): 2,9,16,...,709

First term b; = 2, common difference dy = 7.

Step 1: Find the first common term

We list the terms of each A.P. to find the first match.
APy :3,7,11,15,19,23,27,. ..
AP, :2,9,16,23,30,...

The first common term is 23. Let ¢; = 23.

Step 2: Find the common difference of the common A.P.

d=LCM(4,7)
d=28
So, the A.P. of common terms is 23,51, 79, ...
Step 3: Find the number of common terms
The common terms must be < min(407,709).
The last possible term for the common A.P. is L = 407.
We use the formula for the number of terms & :
L—a
k= 1
ek
Substituting L = 407,a = 23, and d = 28 :
407 — 23
k=|——mH 1
ek
384
k=|— 1
=)
96
k=|— 1
ik
. 96 . .
Since - ~ 13.71, the greatest integer is |13.71... | = 13.
k=13+1
k=14

The common difference d of the A.P. of common terms is
the Least Common Multiple (LCM) of d; and ds.

d = LCM(dy, ds)

Thus, there are 14 common terms.




4. Let S,, denote the sum of the first n terms of an A. P.. If S4 = 16 and Sg =

—48, then S7g is equal to:

(A) -320 (B) -380 (C) -260 (D) -410
p
Answer: (A)
Solution: We use the sum formula S,, = % [2a + (n — 1)d]. Given Sy = 16:
4
5[2a+ (4—1)d] =16
2(2a + 3d) = 16
2a+3d=8 ---(1)
Given Sg = —48
6
5[2@ + (6 —1)d] = —48
3(2a 4 5d) = —
2 +5d=—16 ---(2)
Now we solve the system of linear equations. Subtract (1) from (2):
(2a+5d) — (2a +3d) = —16 — 8
2d = —24
@ = =1%
Substitute d = —12 into (1):
2a +3(—12) = 8
2a — 36 =8
20 =44
a =22
We need to find Sig:
10
510 = ?[2(1 + (10 — l)d]
S10 = 5[2(22) +9(-12)]
510 = 5[44 — 108]
= 5[—64] = —320
&
5. Let 2,y > 0. If 23y? = 2'°, then the least value of 3z + 2y is
(A) 30 (B) 32 (C) 36 (D) 40
p
Answer: (D)
Solution: We need to find the minimum value of 3z + 2y using the A.M.-G.M. inequality. The G.M. will
involve the term z3y2. To get this, we need to split 3z into x + = + = and 2y into y +y. We apply A.M.-G.M.
to the 5 positive numbers x, x, x, y, y.
AM. — T+rr+rty+y 3z + 2y
) )
GM. =z 77y y=va3y?
By the A.M.-G.M. inequality, A.M. > G.M.:
3z —;— 2y > 8 ,71:3y2
We are given x3y? = 215,




3x :i)’ 2y > (215)1/5
3z + 2y > 93
5
3z + 2y
—2 >3
5 >
3z + 2y > 40
The least value of 3z + 2y is 40.
-
6. The sum of an infinite geometric series with positive terms is 3 and the sum of the cubes of its terms is %. Then
the common ratio of this series is:
(A) 3 (B) 3 ©) 5 (D)
p
Answer: (B)
Solution: Let the series be a,ar,ar?,.... Given S, = 3. The formula is S, = =
 —3 = a=31-r) ---Q)
1—7r “= "
The series of cubes is a®, (ar)?, (ar?)3,... which is a®, a®r®,a3r®,. ... This is a new G.P. with first term 4 = a®
and common ratio R = r3. The sum of this new series is %.
a? 27
I N )
1—-7r3 19 )
Substitute (1) into (2):
BA-r)]® 27
1—-r3 19
27(1—1)3 27
(I-r)(1+r+r2) 19
Cancel 27 and one (1 — r) factor (since r # 1 for sum to exist):
Q-r? 1
1+r+r2 19
19(1—r)2 =1(1+7+7?)
191 —2r+73) =147+ 12
19—38r+ 1972 =1 + 7 + 12
187% —39r +18 =0
Divide by 3: 6r2 — 13r + 6 = 0. Factor the quadratic:
6r —9r —4r+6=0
3r(2r—3)—2(2r—3)=0
Br—2)(2r—-3)=0
The solutions are r = 2/3 or r = 3/2. For an infinite G.P. to have a finite sum, we must have |r| < 1. Therefore,
r=2/3.
-
7. Let a1,a9,as,... be a G.P. of increasing positive terms. If a;as = 81 and as + a4 = 30, then ag is equal to:
(A) 162 (B) 243 (C) 81 (D) 729



Answer: (B)

Solution: Let the G.P. have first term a and common ratio 7. We know that for a G.P., ajas = a3. Given
ajas = 81, so a3 = 81 = a3 = 9 (since terms are positive). The second condition is as + as = 30. We can
write as = as/r and a4 = agr.

$+a37’:30
r
1
as (+7‘>=30
r
1 2
9< ”):30
T

1 2
3 < rr > =10 (Dividing both sides by 3)

,
3(1 +r?) = 10r
3r2—10r+3=0

This is a simple quadratic in r. Factorizing it:

3 —9r—r+3=0
3r(r—=3)—1(r—3)=0
Br—1)(r—3)=0

This gives two possible values for r: r = % or r = 3. Since the G.P. is ”increasing”, we must have r > 1.
Therefore, r = 3. We need to find ag.

ag=az-r>=9-(3)3
ag =927 =243

o

8. The geometric mean of 1,2,22,...,27 is
(A) 2% (B) 293 (C) 25 (D) 25
P

Answer: (A)

Solution: The sequence is 2°,2!,22 ..., 2. First, count the number of terms. Thisis n —0+1 = n+ 1 terms.
The Geometric Mean (G.M.) is the (n+1)*" root of the product of all terms. Product P = (2°)-(21)-(22)-----(2").
When multiplying, we add the exponents:

P = 2(0+14+2+4-4n)
The exponent is the sum of the first n integers, which is w

n(n+1)
—3

P=2

Now, we find the G.M.:

We multiply the exponents:

9. In a increasing G.P., t5 +t5 = 216 and t4 : t¢ = 1 : 4 and all terms are integers, then its first term is
(A) 16 (B) 14 (C) 12 (D) None of these



Answer: (C)
Solution: Let the first term be a and the common ratio be r. From the second condition:

t4 ar3 1

ts ar® 12
11 ,

= = 7 =4 — r==2
T 4

From the first condition:

to + t5 =ar+ar* =216
ar(1+1r%) = 216

We test the two possible values for r. Case 1: r = 2

a(2)(1+2%) = 216
2a(1+8) =216

2a(9) = 216
18a = 216
216
=— =12
TR
In this case, a = 12 and r = 2. The terms are 12,24,48, ..., which are all integers. This is a valid solution.

Case 2: r = —2

a(=2)(1+ (-2)%) = 216
—2a(1 — 8) = 216
)

—2a(—T7) = 216
14a = 216

216 108
T4 T

This is not an integer. If the first term «a is not an integer, not all terms will be integers. This case is not valid.
Therefore, the first term a must be 12.

10. If five G.M.’s are inserted between 486 and %, then fourth G.M. will be
(A) 4 (B) 6 (C) 12 (D) 18

Answer: (B)

Solution: Let a = 486 and b = % We insert 5 G.M.s (Gq,...,G5) between a and b. The new sequence
a,G1,G2,G3,G4,G5,bis a G.P. with n =5+ 2 = 7 terms. Here, a1 = a = 486 and a; = b = % The formula
for the n'* term is a,, = ayr™ 1.

a7 = a1r7*1 = a1r6
2
= =1486-1°
3 T
6 2 2 1

" T 3%486 1458 729

Since 729 = 3°, we have 7% = 5. So, 7 = % (assuming positive G.M.s, as implied by options). The k' G.M. is

Gy = ar®. We need to find the 4th G.M., Gy.

1\* 486 486
Gi=ar*=486 (=) = —F = —
= (3) 31 T 81

Since 81 x 6 = (804 1) x 6 = 480 + 6 = 486.

Gy =6




11. An A.P. consists of 23 terms. If the sum of the three terms in the middle is 141 and the sum of the last three
terms is 261, then the first term is

(A) 6 (B) 5 (C) 4 (D) 3

Answer: (D)
Solution: Given n = 23 terms. The middle term is Q(ni1y = G241y = 1. The three terms in the middle are
ai1,a12,a13. Their sum is:

ay] +aip + a3z = (a + 10d) + (a + 11d) + (a + 12d) = 3a + 33d = 141
Dividing by 3, we get a + 11d = 47. (This is a12) ---(1) The last three terms are a1, ase, ass. Their sum is:
ag1 + agz + asz = (a + 20d) + (a + 21d) + (a + 22d) = 3a + 63d = 261

Dividing by 3, we get a 4+ 21d = 87. (This is az2) ---(2) We now have a system of two equations. Subtract
(1) from (2):

(a+21d) — (a + 11d) = 87 — 47

10d = 40
d=4
Substitute d = 4 into (1) to find a:
a+11(4) = 47
a—+44 =47
a=3

The first term is 3.

12. A man saves Rs. 200 in each of the first three months of his service. In each of the subsequent months his saving
increases by Rs. 40 more than the saving of immediately previous month. His total saving from the start of
service will be Rs. 11040 after
(A) 18 months (B) 19 months (C) 20 months (D) 21 months

Answer: (D)

Solution: Saving in first 3 months = 200+ 2004200 = Rs. 600. Total saving needed = Rs. 11040. Remaining
saving needed = 11040 — 600 = Rs. 10440. The savings from the 4th month onwards form an A.P. Saving in
4th month = 200 + 40 = 240. Saving in 5th month = 240 + 40 = 280. This is an A.P. with first term a = 240,
common difference d = 40. Let this A.P. continue for k¥ months. The sum S; must be 10440.

Sy = g[za + (k= 1)d] = 10440

k
5[2(240) + (k — 1)40] = 10440
k
5[480 + 40k — 40] = 10440
k
5[440 + 40k] = 10440
k(220 4 20k) = 10440
Divide by 20:
10440

K2 +11k—522=0

We factor the quadratic. We need two numbers with product -522 and sum 11. We can test 18 and 29:
29 x 18 = 522.

k% + 29k — 18k — 522 =0




k(K + 29) — 18(k +29) = 0
(k—18)(k+29) =0

Since k (number of months) must be positive, k = 18. Total time = (first 3 months) + (k subsequent months)
= 3+ 18 = 21 months.

13. If logs2,logs(2” — 5) and logs(2® — ) are in A.P., then x is equal to

(A) 1 (B) 3/2 (C) 2 (D) 3

Answer: (D)
Solution: If a,b,c are in A.P., then 2b = a + c.

2logs (2% — 5) = logs(2) + log4(2° — 7/2)
Using logarithm properties log(b*) = klogb and log a + log b = log ab:
logs (27 — 5)%) = log, (2 - (2° — 7/2))
Since log;(A) = logs(B) = A = B:

(2% — 5)* =2(2% — 7/2)
(2*-5)2=2.2"-7

Let y = 2%.

(y—5)?2=2y—7
P —10y+25=2y—7
y> —12y+32=0

Factor the quadratic:
(y-—4)(y—-8 =0
This gives two possible solutions for y: y =4 or y =8. Case 1: y=4
=4 = =2

We must check if this is valid in the original logarithms. logs(2* — 5) = logs(4 — 5) = logg(—1). This is
undefined. So z = 2 is not a solution.
Case 2: y =8

2" =8 =— =3

Check validity: logs(2” —5) = logs(8 —5) = logs(3). This is defined. logs(2* —7/2) = logs(8 —3.5) = log4(4.5).
This is also defined. Therefore, x = 3 is the only valid solution.




