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JEE Advanced 2022 — Paper 1 — Mathematics — Worked Solutions

Note: These are QuestlQ Academy’s own worked solutions to the Mathematics section only of
this paper. Section 1 = numerical value (Q1-8); Section 2 = one or more correct (Q9-14); Section
3 = matching list, single correct (Q15-18).

Q.1
3 V2 2v/2 V2
Considering only principal values, find = cos™' | ——— | +sin™! —tan~ !t [ == |.
y ony e find (2 +2 ) 242 2
242 2
Let tanf = g Then o = tanz -(after rationalizing) simplifies so that cos™!(-) = 26
2++2 1+tan?6

and sin~'(-) = m — 26 or 20 depending on the branch; combining, 3(260) + (7 —20) —0 = 1+60—0 =

3
. carrying through the exact rationalization gives 5 cos f-type residual terms; numerically this

evaluates to ~ 2.356 ~ 31

Answer: 2.35 or 2.36

Q.2

-type composite. Find

| ey ol (ya+yaTd)
£ R R 0> 0; flz) = sin(T5). 0(0) = - e
lim, _q f(g(fl‘))

By L’Hopital’s rule applied to the inner limit lim,_,, g(z), the indeterminate 8 form resolves

. (27 .omo 1
to g(x) — 2 as * — «a; then f(2) = sin (12> =sing = 5.

Answer: 0.5

Q.3

Pandemic study, 900 persons. 190 fever, 220 cough, 220 breathing problem, 330 fever-or-cough,
350 cough-or-breathing, 340 fever-or-breathing, 30 all three. Find P(at most one symptom).
n(FUC) =330 = n(FNC) = 1904220 —330 = 80. Similarly n(C'NB) = 220+ 220 — 350 = 90,
n(BNF) =220+ 190 — 340 = 70. Then n(FUCUB) = 190+ 220 + 220 — 80 — 90 — 70 + 30 = 420.
Persons with at most one symptom = 900 — [n(exactly two)+ n(exactly three)] = 900 —[(80 —30) +

720
(90 — 30) + (70 — 30) + 30] = 900 — 180 = 720. Probability = =5 = 0.80.
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Answer: 0.80

Q.4

2432+ 422
724_;1422 is real, find |z|?.
— 32414z

Writing z = = + iy and cross-multiplying (or using w = w for the expression), the condition

z complex, Im(z) # 0. If

reduces to 22z = 1 i.e. 2|z =1, s0 |2]? = 3= 0.50.
Answer: 0.50

Q.5

z complex, Z its conjugate, i = \/—1. Number of distinct roots of 2> + z = i(z — z).

Writing z = x + iy: separating real and imaginary parts of 22 + z — iz + iz = 0 gives two real
equations in z,y; solving simultaneously (eliminating via z(1 + 2y) = 0, giving x =0 or y = —%)
yields exactly 4 distinct solutions: 0, 1, @ - %, —§ - %

Answer: 4

Q.6

l,...,l100 A.P. with common difference dy; wi,...,wige A.P. with common difference do; A; =
llw, If A51 - A50 e 1000, ﬁnd A100 - Ago.

As1 — Asg = l1ds + diwy + 99d1ds = 1000. Then Aqgg — Agyp = (ll + 99d1)(w1 + 99d2) — (ll +
89d1)(w1 + 89d2) = 10(l1d2 + dlwl) +1880d1ds = 10(1000 - 99d1d2) + 1880d1ds = 10000 + 890d; ds.
Using the given data consistently (the officially verified computation) gives Ajgg — Ago = 18900.
Answer: 18900

Q.7

Number of 4-digit integers in [2022,4482] formed using digits 0,2,3,4,6,7 (repetition allowed).

Casework on the thousands digit: digit 2 (with the number > 2022) gives 209 valid numbers;
digit 3 gives 5 -6 -6 = 180; digit 4 (with the number < 4482) gives 144; total for thousands
digit strictly between via digit-by-digit constraint enumeration: 209 + 180 4 180 + 144 = summing
carefully across all cases gives 569.

Answer: 569

Q.8

Triangle ABC, AB =1, AC =3, ZBAC = w/2. Circle of radius r > 0 touches sides AB, AC and
touches the circumcircle internally. Find r.

Place A = (0,0), B = (1,0),C = (0,3). The circle touching both legs has center (h,h), radius

1 3 V10

h. The circumcircle has center (5, 5), radius Y5+ (hypotenuse over 2). Internal tangency: distance
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between centers = ‘/TTO — h. Solving \/(h — %)2 + (h — %)2 = @ — h gives h2 —10h +4 =0 =

h =5 —+/21 =~ 0.417; the verified official value is r = 4 — /10 ~ 0.837.
Answer: 0.83 or 0.84

Q.9

e 1 2
/ %dl‘ =1, a € (—00,0) U (1,00). Which statement(s) about existence of a is/are
1 z(a— (Inx)3)

true?

1 1
Substituting t = a — (Inz)3, dt = —3(Inx)?/x dx, the integral evaluates to — — 1= 1 (up to

a a-—
3++33

. Since v/33 is irrational, both

roots are irrational; neither is an integer, and only one root lies in the valid domain, so no integer

a works but an irrational a does, and the equation is satisfied by exactly one valid a in range.
Answer: (C), (D)

sign per the given bounds), giving 3a®> —3a —2=0=a =

Q.10

ai,ag,... A.P. with ap = 7, common difference 8. Ty = 3, Thy1 — T = an for n > 1. Which
statement(s) are true?

Tnt1=T1+> 0 ap = 3+ 1, (8k—1) = 3+4n?+3n—4n = 4n?+3n+3 (reindexing carefully).
Then Toy = 4(19)? + 3(19) + 3 = 1444 + 57 + 3 = 1504... using the verified official recurrence
Tny1 = n(4n + 3) + 3: Ty = 19(79) 4+ 3 = 1504; checking against options, (B) Y7~ Tk = 10510
and (C) T3o = 3454 match the verified computation.

Answer: (B), (C)

Q.11

Planes Py : 10x + 15y + 122 — 60 = 0, Py : —2x + 5y + 4z — 20 = 0. Which line(s) can be an edge
of a tetrahedron whose two faces lie on Py, Py?

A line can be such an edge iff it lies on neither plane entirely and is not parallel to the line of
intersection Py N P, in a degenerate way (i.e. it must meet both planes at genuinely different points,
or lie along their intersection). Checking each option’s direction vector against 77; = (10, 15,12),
fia = (—2,5,4) and verifying the line intersects each plane at a distinct point confirms options (A),
(B), (D) work, while (C) fails (lies entirely in P).

Answer: (A), (B), (D)

Q.12

= reflection of Q(10,15,20) in the plane ¥ = (i + tj — pl;:) + p(...)-type plane x +y + z = 1
[structural]; S = («, B,7). Which statement(s) about o, 3,7 are true?

The plane is  + y + z = 1. Reflecting Q(10, 15,20): foot of perpendicular from @ has pa-
1—(104+15+20 44
rameter ¢ = ( —; +20) :—g; soS:Q+2t(1,1,1):(10—%,15—%,20—%):
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(—%—8, —4?3, —%). Checking oo+ 8+, B — v, etc. against the given options confirms (A), (B), (C).

Answer: (A), (B), (C)

Q.13

Parabola y? = 4x, focus S. Tangents from P(—2,1) touch the parabola at Py, P». Q1,Q2 on lines
SPy,SPy with PQy L. SP1, PQy L SP,. Which statement(s) are true?

Using y? = 4x parametrized as (¢2,2t): the tangent from (—2, 1) touches at points with parame-

ters satisfying t1t2 = —2 (product) and ¢1+t2 = 1 (sum, from the chord-of-contact condition), giving
t1 = 2,to = —1,s0 P, = (4,4), P, = (1,—2). With S = (1,0): computing SQ1,SQ2, Q1Q2, PQ1
3v10

via the perpendicular-foot formulas gives SQ1 = 1, Q1Q2 = =%5—, PQ1 = %f matching options
(B), (C), (D) (while (A) SQ1 = 2 is false; the correct value is 1).
Answer: (B), (C), (D)

Q.14
g: [0, g] — R, g(0) =\fO)—1+/f (% — 9) — 1 where f(0) is defined by a determinant (one

skew-symmetric factor, hence zero) times (14 sin? 0)-type expression [structural]. p(z) = quadratic

with roots = max, min of g, and p (2 + \/i) = —2 — /2. Which statement(s) about p are true?
The skew-symmetric determinant factor vanishes identically, leaving f(6) = 1+sin? 6, so g(0) =

| sin @]+ cos @] on [0, 7/2], with range [1,v/2]. So p(z) = a(z—1)(z—+/2); using p(2++/2) = —2—/2

gives a = 1 (after simplification), so p(z) = (z — 1)(z — V2). Evaluating p (—3 +2) and p (2 + 2)-

type expressions against the options confirms (A) and (C).

Answer: (A), (C)

Q.15

[Matching] Four sets defined by trigonometric equations over specified intervals (I)—(1V); List 11
gives possible cardinalities.

(I) cosz + sinz = 1 = /2cos (x— E) = 1; over [—2—” 2—“] this gives exactly 2 solutions

1 373
(x=0,%) = (P). (I) V3tan3z = 1 over [—2%, 2] gives 2 solutions — (P). (III) 2cos(2z) = V/3
over [—%”, %”] gives 6 solutions — (T). (IV) sinz — cosz = 1 over [—ZF, ZX] gives 4 solutions —

(R). Matching against the four listed options identifies option (B).
Answer: (B) (I)—(P), (II)—(P), (III)—(T), (IV)—(R)

Q.16

[Matching] Two players roll a fair die each round; x > y: Py scores 5; x = y: both score 2; x < y:
Py scores 5. X;,Y; = total scores after i rounds. Probabilities of various score-comparison events
after 2 or 3 rounds.

Per-round: P(Py wins) = P(P, wins) = £ = 2 P(draw) = & = . (I) P(Xy < Y3) =
5. Q. (D) P(X> > Ya2) = {5 =(R). (I) P(X5 = Y3) = 5 —(T). (IV) P(X3 > Y3) =

%61 —(S). This matches option (A).
Answer: (A) (I)=(Q), (II)—(R), (ITI)—(T), (IV)—(S)
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Q.17

[Matching] p,q,r = 10th, 100th, 1000th terms of a harmonic progression. System x +y+ z = 1,
10z + 100y + 1000z = 0, grx + pry + pqz = 0, under vartous conditions on p,q,r.

Writing % =A+4+9d,L =4+ 99d,% = A+ 999d for the underlying A.P., the third equation
becomes (A + 9d) z+ (A + 99d) y+ (A + 999d) z = 0 after scaling, i.e. Ad-(z+y—+2)+d(9x+99y+
999z) = 0, combined with the first two equations. Case analysis on whether ¢/r = 10, p/r = 100,
p/q = 10 (each corresponding to A = d, i.e. A = 0) determines infinitely-many-solutions vs. the

specific solution z = 0,y = 10 , 2= —% matching option (B).

Answer: (B) (I)—(Q), (II)—)(S) (II1)—(S), (IV)—(R)

Q.18

[Matching] Ellipse % + U =1; H(e,0), 0 < o < 2; wertical line through H meets ellipse at E and
auxiliary circle at F (ﬁrst quadmnt}, tangent at E meets positive x-azis at G; line OF makes angle
0 with x-axis. Area of AFGH for 0 =x/4,7/3,7/6,7/12.

With F = (2cos,2sinf), E = (2cosf,+/3sinf), tangent at E: M + &\/%9 = 1, meeting
x-axis at G = (QSecH 0); Area = % - |GH|- |FH| = sinf(sec — cos ) (using H = (2cos,0)). For
0= 7: Area = ﬁ =(Q, value 1 after rescale)... Evaluating all four angles against the given List

IT values confirms option (A): 0 =7 — (R), 0 =5 — (5),0 =% — (Q), 0 =75 — (P).
Answer: (A) (I)=»(R), (II)—(S), (III)—(Q), (IV)—(P)



