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INSTRUCTIONS TO CANDIDATES

1. Use of mobile phones, smartphones, iPads, calculators, programmable wrist watches is STRICTLY PROHIBITED. Only ordinary pens
and pencils are allowed inside the examination hall.

2. The correction is done by machines through scanning. On the OMR sheet, darken bubbles completely with a black or blue ball pen.
Please DO NOT use a pencil or a gel pen. Darken the bubbles completely, only after you are sure of your answer; else, erasing may
lead to the OMR sheet getting damaged and the machine may not be able to read the answer.

3. The registration number and date of birth will be your login credentials for accessing your score.
Incompletely, incorrectly or carelessly filled information may disqualify your candidature.

5. Each question has a one or two-digit number as answer. The first diagram below shows improper and proper way of darkening the
bubbles with detailed instructions. The second diagram shows how to mark a 2-digit number and a 1-digit number.

>

INSTRUCTIONS PV | 9A
1."Think before your ink". @
2.Marking should be done with Blue/Black Ball Peint Pen only. GOl 1O

3.Darken only one circle for each question as shown in
Example Below.

WRONG METHODS CORRECT METHOD
® & & & ®® Q90
4.If more than one circle is darkened or if the response is
marked in any other way as shown "WRONG" above, it shall QW (DD
be treated as wrong way of marking.
5. Make the marks only in the spaces provided. OE 2

6. Carefully tear off the duplicate copy of the OMR without
tampering the Original.
7.Please donot make anystraymarks on the answer sheet.

The answer you write on OMR sheet is irrelevant. The darkened bubble will be considered as your final answer.

6.

7. Questions 1 to 10 carry 2 marks each; questions 11 to 20 carry 3 marks each; questions 21 & 30 carry 5 marks each.

8. All questions are compulsory.

9. There are no negative marks.

10. Do all rough work in the space provided below for it. You also have blank pages at the end of the question paper to continue with rough
work.

11. After the exam, you may take away the Candidate's copy of the OMR sheet.

12. Preserve your copy of OMR sheet till the end of current Olympiad season. You will need it later for verification purposes.

13. You may take away the question paper after the examination.
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Note:

1. gcd (a, b) denotes the greatest common divisor of integers a and b.

2. I_XJ denotes the largest integer less than or equal to x.

3. For a positive real number M,+/M denotes the positive square root of m. For example, \/Z =+2.

4. Unless otherwise stated all numbers are written in decimal notation.

1. The smallest positive integer that does not divide 1 x 2 x 3 x4 x5%x 6 x 7 x 8% 9 is:

Answer (11)
Sol. Let n be a smallest integer that does not divide 1 x 2x3x4x5x6x7x8x9
Prime factorisation =27 x 3 x 5 x 7
Clearly we can see that 2 and 7 factor of 2 will divide 9!
Also 3 and 4 factors of 3 will divide 9!
So numberi.e. 2, 3, 22, 5. 2.3, 7, 28, 33, 5.2, will divide 9!
Therefore, least positive integer that does not divide 9! is 11
2. The number of four-digit odd numbers having digits 1, 2, 3, 4, each occurring exactly once, is:
Answer (12)
Sol. abcd
abcd is odd number therefore d can take values as 1 or 3 = 2 posibility and
a can take 3 value
b can take 2 value
¢ can take 1 value
Total values =2 x3x2x 1
= 12 numbers
3. The number obtained by taking the last two digits of 52°%4 in the same order is:
Answer (25)
Sol. Last two digits of 52024
= 52024 =3 (mod 100)
5% =25 (mod 100)
52024 = 25 (mod 100)
= last 2 digits in same order is 25
4. Let ABCD be a quadrilateral with Z/ADC = 70°, ZACD = 70°, ZACB =10° and ZBAD =110°. The measure of
ZCAB (in degrees) is:
Answer (70)
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Sol. In AADC
70° + 70° + ZDAC =180°

=  ZDAC =40°
Now ZDAC + ZCAB =110°
= ZCAB =110°-40°

=70°

5 Leta=>4+Y E,Ietb=5+l+£andletc=(§+X](x+E](E+5j.Thevalueof|ab—c|is:
y z X

z Xy y z)\z x){x vy
Answer (1)
Sol. a=24¥, 2 (i)
y z X
andb=24Y 2 - (i)
z x vy

6. Find the number of triples of real numbers (a, b, ¢) such that a*® + b* +¢* =a* + b* + ¢* =1.
Answer (6)
Sol. a0 + b0 + 0 =g + b +c*# =1

If both equation have to satisfy

= Eitheraorborc=%1

And other have to be 0.

So,ifa=1

= b=c=0

fa=-1

= b=c=0
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Similarly, forband cifb = +1
= a=c=0

Andifc=4%1

= a=b=0

Total triples = 6.

7. Determine the sum of all possible surface areas of a cube two of whose vertices are (1, 2, 0) and (3, 3, 2).
Answer (99)

Sol. Case-|
(1,2,0) 3,3,2)
SA= 6x[a+1+ 4}2
=54 sq.unit?
Case-ll
3,8 2)
A
(1,2,0) @a
2a2+9
a= 3 SA = 6(2J= 27 sq unit
J2 2
Case-lll
(3! 37 2)
(1) 2’ 0)
J§a =3
= a=3

SA =6a?=6 x 3 =18 sq.unit?
. Possible SA =18 + 27 + 54 =99
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8. Letn, be the smallest integer such that the sum of digits of n is divisible by 5 as sell as the sum of digits of (0 +
1) is divisible by 5. What are the first two digits of n in the same order?

Answer (49)
Sol. Let sum of digits of n-digits number = 5

Let sum of digits of n + 1 number = 5k
1,2,3,..,910,11, ..., 19, 20, ..., 99, 100
KL N\ N S
1 1 8 1 8 17
..., 999, 1000, ..., 9999, 10,000

26 35

..., 49999, 50000
[ —

diff 35

Smallest number = 49,999
Firsts two digits = 49.

9. Consider the grid of points X = {(m n)j0<m,n< 4}. We say a pair of points {(a, b), (c, d)} in X is a knight-

move pairif (c=a+2andd=b+1) or (c=a+1landd =b +2). The number of knight-move pairs in X is:

Answer (48)

0 12 . 2 f 31
9
8 15 23
13 32
6 42
5
4 94 > 33
1 28
2
1 D 2
19 30 8
Sol.
Consider the grid as shown.
Each line represents the allowed move from one and point of line to other end point of line we can see the
movement allowed in 3 x 2, 2 x 2 rectangle, vertical or horizontal. In each rectangle there are 4 moves allowed
and total number of rectangle are 12.
Total allowed moved = 12 x 4 = 48.
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10. Determine the number of positive integral value of p for which there exists a triangle with side a, b and ¢ which
satisfy a2 + (p2 + 9)b2 + 9¢2 — 6ab — 6pbc = 0

Answer (5)

Sol. a? + 9b? — 6ab + p2b2 — 6pbc + 9¢c2=0
(a—-3b)2+ (pb—-3c)?=0
a=3b pb=3c

pb
"3

If a is the largest side

= Cc

b+p—b>3b
3

3+p>9

p>6 (i)
If c is largest side

3b+b>p—b
3

p<12 .. (i)

so, p={7,8,9, 10, 11}

= Number of positive integral value of p is 5
11. The positive real numbers a, b, c satisfy:

a 2b 3c
+ + =1
2b+1 3c+1 a+1

1 1 1
+ + =2
a+l 2b+1 3c+1
What is the value of E+1+£?
a b c

Answer (12)

3c a 2b

Sol. + + =1
a+l 2b+1 3c+1

(i)

1 1 1
+ + =
a+l 2b+1 3c+1

Add (i) and (ii)

3c+1+ a+1+2b+1_
a+l1 2b+1 3c+1

...(ii)

> Delivering Champions Consistently Aak®ash

Medical [IIT-JEE| Foundations

JEE (Advanced) 2024

Abhishek
Jain




IOQM — 2024-25 .Aakash

= AM.z2GM.

3c+1 a+1 2b+1
+ +

a+1 2b3+1 3c+1 2(1)§

3c+1=1{de 2b+1:1
a+1l 3c+1

a+1
2b+1

= (a+1)=(2b+1)=(3(+1) =k

= 1+l+l:2:}§:2:}k:§
k k Kk k 2
= azl,bzl,c=E
2 4 6
= £+i+l=2+4+6=12
a b c

12. Consider a square ABCD of side length 16. Let E, F be points on CD such that CE = EF = FD. Let the line BF
and AE meet in M. The area of AMAB is:

Answer (96)
Sol. Eq of line AE: 2y —3x + 16 =0

E .
BTt 32!
16 32
00 3 3

%.0)
Eq of line BF: 2y + 3x—32=0

= M =(8,4)

Area of triangle AMB

> Delivering Champions Consistently Aak®ash

Medical [IIT-JEE| Foundations

JEE (Advanced) 2024

{

Rishi Shekher
Shukla

2 Year Classroom




®
Aakash

Medical IT-JEE[ Foundations
0 16
%16 16 1= %(—16(8) +1(64 -8 x16))
8 4

- ‘%(—16 <16+ 64)‘

= %(4-16)‘:&12

= 96 sq.units

13. Three positive integers a, b, ¢ with a > c satisfy the following equations:

actb+c=bc+a+66,a+b+c=32.
Find the value of a.

Answer (19)

Sol.a>c
A b, clt

ac+t+b+c=bc+a+66, a+b+c=32

= c(a-b)+(b-a)+c=066

= (a-b)(c-1)+(c-1)=66-1

= (c-1)(a-b+1)=65=1%x65=65x1
=5x13=13x%x5

Case-(ii)

c—1=65 a-b+1=1

= C€=66,buta+b+c=32

= not possible

Case(ii)

c—1=1, a-b+1=65

c=2, a-b=64

at+b+c=32 =a+b=30

= 2a=64 = a=47, b=-17 not possible

Case(iii)

c—-1=5 a-b+1=13

IOQM — 2024-25
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c=6, a+i=26
a-b=12
=a=19, b=7
Case(iv)
c—1=13,a-b+1=5
=c-1=13, a-b+1=5
=c=14, a-b=4
a=b=18

=a=11 buta<c
=onlya=19

14. |Initially, there are 38 particles at the origin (0, 0). At each step the particles are moved to points above the x-axis

as follows: if there are n particles at any point (x, y), then [g} of them are moved to (x +1y+ 1), [g} are

moved to (X, y + 1) and the remaining to (x — 1, y + 1). For example, after the first step, there are 37° particles
each at (1, 1), (0, 1) and (-1, 1). After the second step, there are 378 particles each at (-2, 2) and (2, 2), 2 x 378
particles each at (-1, 2) and (1, 2), and 37° particle at (0, 2). After 80 steps, the number of particles at (79, 80)
is:

Answer (80)

|

‘ 148 1A [N | @ |
| 3t |31 el L

| .

—— T 7—‘— ® 3_A=: ==A " A 2 —
3_A | 3 ] 39 (1) \’aLF‘J' 33
¥ [28 LESS

A 3 la |
— ;I 5_ﬁ(l) 7¥| ‘ )
o~ J
Aet) ‘ | \ ‘ | ]
Sol. | | |
nA

At n" step particle at (n — 1, n) is P

At 80t step particles at (79, 80) is ?Tf\ W30

(where A = 380)
80

15. Let X be the set consisting of twenty positive integers n, n + 2,...., n + 38. The smallest value of n for which any
three numbers a, b, c € X, not necessarily distinct, form the sides of an acute-angled triangle is:
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Answer (92)
Sol. X ={n,n+2,...,n + 38}

a,bceX

Forany a, b, ¢

(i) Triangle should be formed

(i) Triangle should be acute

— only one angle can be obtuse at max
(Yleta<b<c

= fortriangle

a + b > c for all possible combination

= evenifa, baresmallesta=b=n
=n+n>n+38

= n > 38 = triangle will from

(i) now using cosine formula largest side longest angle

2 2 2
= COSC = m > 0 for acute A
2ab

= a’+b’-c?>0 foracute A Va, b, c ex
n2+(n)2 -(n +38)2 >0

= n?2-76n-382>0

= n>91.74

= n=92

16. Let f:R — R be a function satisfying the relation 4f (3 —x) + 3f (x)=x* for any real x. Find the value of
f(27) — f(25) to the nearest integer. (Here R denotes the set of real numbers.)
Answer (8)
Sol. 4f(3 — x) + 3f(x) = x2 vx e R
4f(3 - (3—x)) + 3f(3—x) = (3—x)?
= 4f(x) + 3f(3 —x) = (x — 3)2
= 12f(3 — x) + 9f(x) = 3x?
12f(3 — x) + 16f(x) = 4(x — 3)?
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= 7f(x) = 4(x — 3)2 = 3x?
= (4(24)2 — 3.27?) — (4(22)2 — 3.25?)
= 4(242 — 222) + 3(252 - 27?)
= 4(46)(2) + 3(52)(-2)
=8x46 x 6 x 52

- f(z7)-f(25)=%(4exs-exsz)=(§]=s

17. Consider an isosceles triangle ABC with sides BC = 30, CA = AB = 20. Let D be the foot of the perpendicular
from A to BC, and let M be the midpoint of AD. Let PQ be a chord of the circumcircle of triangle ABC, such that

M lies on PQ is parallel to BC. The length of PQ is:
Answer (25)

57

Sol. Eqg. of PQ : y:T

y 0 >
(=15, 0) (0,0) (15, 0)

Perpendicular bisector of AC:

(ij—(sﬁo](x%

0-15

- [T

Centre = intersection of perpendicular bisector

(3

= EQ" of circumcircle

@
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@
(x—0)"+ [y + i] (5«/_ SJ_]

64 25x64

X2+ y+iz—25 7x =
J7 49 7
57

Intersection with PQ :y = -

2
2 _25%x64 (57 5 ) 25x64 1 (45
7 2 7 7 4x7

x 25

o 25x64x4-45° 5 (64x4-81) 5’
28 22 7 3

= X=tz § = distance = E 25 =25
2 2 2

18. Let p, g be two-digit numbers neither of which are divisible by 10. Let r be the four-digit number by putting the
digits of p followed by the digits of q (in order). As p, q vary, a computer prints r on the screen if gcd(p, q) = 1
and p + g divides r. Suppose that the largest number that is printed by the computer is N. Determine the number
formed by the last two digits of N (in the same order).

Answer (13)
Sol. r=100r + g
r+qg|r=100r+q
= r+q]99r
Butged(r+q,r) =1
= r+qg]99
r+qg=33o0r99
For N to be maximumr + q =99
Where r = 89, g =13
Answer 13.

19. Consider five points in the plane, with no three of them collinear. Every pair of points among them is joined by a
line. In how many ways can we color these lines by red or blue, so that no three of the points form a triangle with
lines of the same color.

Answer (12)
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Sol. Case-|
A

¢ exactly 5 rid sides
2 ways (corresponding to each color)
As color of other sides got fixed

Case-ll
A

¢ exactly 4 rid sides
Not possible .. 0 ways as color of other sides got fixed and there will be one triangle which will have all sides

rud on block
Case-lll

C
exactly 3 rid sides

consecutive
not possible .. 0 ways (same reason as above)

&)
Aakash“
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Case-IV

C exactly 2 consecutive
rid sides

Only one way of colouring as color of other sides got fixed
2 ways (corresponding to each color for shown figure)
total number of ways
=2 +5¢c1 x 2 =12 ways
5c1 ways of choosing 2 will active rides
20. On a natural number n you are allowed two operations: (1) multiply n by 2 or (2) subtract 3 from n. For example

starting with 8 you can reach 13 as follows: 8 — 16 — 13. You need two steps and you cannot do in less than
two steps. Starting from 11, what is the least number of steps required to reach 121?

Answer (10)
Sol. 11 —» ....... Some steps — 121 minimum steps
Notice that for each step the number is a natural number
= Reverse the process
Start from 121 and now condition will be

/7n/2
n\or
n+3

Now, 121 cannot be divide by 2 as result will not be natural number and for minimum step it is better to keep

dividing till we get on odd number
= 121——(121+3=124) —2{1274 =~ 62)—3> (% = 31)—4>

(31+3=34) 2 (%j ° (17+3=20)—7>(2—20:10j—8>

(% = 5}—9> (5 +3=8) —2>(8 + 3) atit doesn't make sense to go half as 1 move to reach 11

= minimum 10 moves
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n-172

21. Aninteger n is such that [g} is a three digit number with equal digits, and [ } is a 4 digit number with

the digits 2, 0, 2, 4 in some order. What is the remainder when n is divided by 100?
Answer (91)

n —172}

Sol. Let[ =k, kel

n-172

e[k, k+1)

n—172 e [4k, 4k + 4)

n e [4k + 172, 4k + 176)
Ee{4k+172 4k+176)
9

9 9
Now, E} e {111, 222,333, ..., 999}

Ak+176 a2 ract, . 9)

Fora=9
k € (2203.75, 2204.75)
= k=2204

{n -172

}:2204 ()

And [g} - 999 . (i)

From (i)

n-172

<[2204, 2205)

= n<[8988, 8992)

From (ii)
n
5 €[999, 1000)

= n e [8991, 9000)
= n=8991
= 91
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22. In a triangle ABC, ZBAC =90°. Let D be the point on BC such that AB + BD = AC + CD. Suppose

BD:DC=2:1.If % _mn- Jp , where m, n are relatively prime positive integers and p is a prime number,
n

determine the value of m + n + p.
Answer (34)
Sol. AB + BD = AC +CD

C
X
D
X+y
2x
A y B
y +2x = AC+ X
= AC =x+Yy
= (x+y)2+y2=(3x)2
= x*+2y’+ 2xy =9x°
= 8x*-2y’-2xy =0
= 4a*-a-1=0
]
a==
y
1+
~  a_ J1+16
8
- azli\/ﬁ
8
= £=5+1=a+1
AB vy
AC 1+\17
= —= +1
AB 8
AC 9+\17
= @ —=—
AB 8
= m+n+p=34
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23. Consider the fourteen numbers, 14, 24,....,14* The smallest natural number n such that they leave distinct
remainders when divided by n is:

Answer (31)
Sol. 14,24 ........ ,144
x4=a (mod n)

y*=b (mod n) such thata#bforx#yand x,ye {1 2,...14}
(x*-y*)=(a—b) (mod n)
=  (x-y)(x+y)(x* +y*)=(a—=b) (mod n)

= n/(x—y)(x+y)(x2+y2) ()
We have to find minimum n with condition (i)

Clearly,n>27 as (x+y) € {3,... 27}

Now n = 28, x = 6, y = 8 works

n=29, x=5,y=2works

n=30,x=8,y=2works

for x = 31, there are no such x, v,

31| (x-y)(x +y)(x2 +y2)

Must be prime factor

31](x2 +y2) and 31/ (x-y)(x+Y)
= 31 will be the answer
24. Consider the set F of all polynomials whose coefficients are in the set of {0, 1}. Let q(x) = x® + x + 1. The number
of polynomials p(x) in F of degree 14 such that the product p(x)q(x) is also in F is:
Answer (50)
Sol. p(x) g(x) = (x** + ...) (x¥+x + 1)
p(x) = x* — 1 case
p(x) = x4+ x2
= a0=10,9,8,...,10 > 11 case

p(x) = x4 + x* + xP
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10, B=6,54,3,210
9, pB=543210

8, B=4,3210

7, B=3,210 25 cases
6

5

4

: B=210
p=10

, p=0
P(X) = x4 + x* + xP + x'
a=10, B=6, r=210
a=10, B=5 r =10 ;6 cases
oa=10, B=4, r=0

@ @ 2 @ @ R
1l

r=10

a=9, B=5
B=4, r=0

}3 cases

a=8B=4,r=0}1cases

Hence, totalcase =1+ 11+28+6+3+ 1

= 50 cases.

IOQM — 2024-25

A finite set M of positive integers consists of distinct perfect squares and the number 92. The average of the
numbers in M is 85. If we remove 92 from M, the average drops to 84. If N2 is the largest possible square in M,

what is the value of N?

Answer (22)
2 2 2 2
Sol. a, +a, +a; +..+a; +92=85

n+1

If we remove 92, then

2 2 2 2
a +a tag .t o
n

From (i) and (2)
84n +92 x 85n + 85

=n=7

Now, &’ + a2 +a’ +..+a +a’ =84 x 7=588

fa=1a,=2a=34a =44a=5a,=6

Then 1* + 2% + 3% +4°+5°+ 6°+ a_ = 588

= a’-588-091

JEE (Advanced) 2024
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=  af =497 (not possible)

Ifa,=la,=28a,=3a,=43a,=5a,=7

Then 1°+ 2% + 3% +4*+5° + 7° + a2 = 588

= a’=484
= ar=22
= N=22

26. The sum of [x] for all real numbers x satisfying the equation 16 + 15x + 15x2 = [x]? is:
Answer (33)
Sol. [x]® = 15x? + 15x + 16
[X] e (x-1, ]
X]® e (x—1)% %%
= 15x%2+ 15x + 16 € ((x — 1)3, x9]
x3 > 15x%2 + 15x + 16
= x®-15x2-15x—-16>0
(x—16)(x2+x+1)>0
= x216
Also, 15x? + 15x + 16 > x3—3x2 + 3x — 1
= x3-18x2-12x-17<0
Let f(x) = x3 — 18x? — 12x — 17
f'(x) = 3x2 - 36x — 12
'
p

(04

=3 - 12x-4) a<p

fla) <0
= f(x) has only one real root
= f(18) =233
f(19) = 116
= f(a)=0
= ae(18,19)
For this equation

X e [16, 19)
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= [x]=16,17,18

(i) [x] =16

= 15x?>+ 15x + 16 = 168
x-16)(x+17)=0

= x =16 satisfies

(i) [x] = 17

= 15x>+15x +16 =173

«_ ~15£+15° ~4.16.15

30

= [x] = 17 satisfies

(iii) [x] = 18

= Xx>19andx<-20

= No received value of x

= Sumof[x]=16+ 17 = 33.

27. Inatriangle ABC, a point P in the interior of ABC is such that
Z/BPC - ZBAC = ZCPA - ZCBA = ZAPB — ZACB . Suppose /BPC =30° and AP = 12. Let D, E, F be the

feet of perpendiculars form P on to BC, CA, AB respectively. If m+/n in the area of the triangle DEF where m, n
are integers with n prime, then what is the value of the product mn?

Answer (27)
60° - a

Sol.

23

EF?=1? {cos2 (a.—30°)+cos® (60°—a)— Tcos(a —30°)cos(o— 60°)}
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28.

B 2 2
=1 £c05a+lsina + lcos<>c+£sinoc G cos(2a—90°)
2 2 2 2 2
=|? cosza+sin2a+£sinac03a—§
| 2 4
2
EF?2 I ,area = E.EF2 =£&=9\/§
4 4 4 4

Find the largest positive integer n < 30 such that %(n8 +3n* - 4) is not divisible by the square of any prime

number.

Answer (20)

Sol. Let f(n)= %(n8 +3n* —4)

= %(n -1)(n +1)(n2 +1)((n2 +1)+1)((n —1)2 +1)
Forn=2k+1
= f(2k+1)=%(2k)2(k+1)(4k2+4k+2)...

Clearly 4 | f(2k + 1)
=  Only even cases

= n=28, f(28)= %x27x 29x(28% +1)(27° +1)(29% +1)
Clearly 32 | f(28)

n=26, f(26)= %x 25x 27x(25° +1)(26% +1)(27% +1)
Clearly 52 | f(26)

n =24, %-23x25-(242 +1)(25° +1)(26% +1)

Again 52 | f(26)

n=22, f(22)= %lex 23x (22 +1)(21° +1)(23° +1)

51222+1,5|232+1
= 52[f(22)

n=20,f(20)= %(19>< 21)(20% +1)(20° +1)(19% +1)

Not divisible by any prime square
= n=20
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29. Let n = 219312 L et M denote the number of positive divisors of n2 which are less than n but would not divide n.
What is the number formed by taking the last two digits of M (in the same order)?
Answer (28)
Sol. n2 =23 .3
Required number of divisors

1)(24+1)+1
_(38+ )(2 9+ 0v1s

=228
28
30. Let ABC be a right-angled triangle with /B = 90°. Let the length of the altitude BD be equal to 12. What is the
minimum possible length of AC, given that AC and the perimeter of triangle ABC are integers?
Answer (25)
Sol.ac=12hb
Leta+c=1 Ile integer
a2+ c2=12-24b =02
12=Ix=12b (2
D=>0
1> -48b >0
b’+241>0 Db>24
Letb=k-12 k=36
12 = k2 — 144
144 =(k=1) (k + 1)
Fork=37,1=35

| =25 is minimum value

a a a
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