CBSE CLASS 12 MATHEMATICS - CHAPTER 1 — RELATIONS AND FUNCTIONS

SOLVED EXAMPLES

E. Long Anhswer

I Q1 cBsk 2026

Let p be a prime number. Show that the relation R =
{(x,y): |x — y| is divisible by p} on Z is an
equivalence relation.

Solution:

Reflexive: |x — x| = 0 = p - 0 is divisible by p, so
(x,x) € R forevery x € Z.

Symmetric: |[x — y| = |y — x|, soif [x — y| is
divisible by p sois |y — x|. Hence (x,y) ER =
(y,x) ER.
Transitive: Let |[x — y| = pkand |y — z| =

(with k,m > 0 integers). Then x —y = +pk and
y—z=14pm,sox—z=(x—-y)+(y—2)=
p(£k + m), a multiple of p. Hence |x — z| is
divisible by p and (x,2) € R.

Since R is reflexive, symmetric and transitive, it is
an equivalence relation.

v Answer: Equivalence relation.

I Q2 cBsk 2026

Show that f: R —{ }
bijective. Also find f 1.

3x+2

- o=

Solution:
. _ . 3xy42 _ 3x,+2
One-one: let f(x1) = f(x3,), i.e. e

Cross-multiplying, (3x; + 2)(5x, —3) = (3x, +
2)(5x; — 3). The x;x, and constant terms cancel,
leaving (—19)(x; — x;) = 0.Since =19 # 0, x; =
X.So f is one-one.

Onto: let y = 3x + 25x — 3 be any value with y #
g. Theny(5x —3) =3x+2,s0x(5y —3) =3y +
2, giving x = :—iz, which exists because

5y -3 # 0.

This x is never equal to = (that would force

bc =ad,i.e. 10 = -9, whlch is false), so x lies in
the domain and f(x) = y. Hencef is onto.

_ 3y+ 1 3y+2
From the onto step, x = _Sy sof " (y) = e

ie. f7l=f.
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v Answer: f is bijective and

f 1( )_3x+2

I Q3 cBsk 2026

Let R* be the set of non-negative real numbers.
Show that f: Rt —» [—5,), f(x) = 4x? + 4x — 5is
invertible. Find =1, and hence find the value of p for
which f(p) = 3.

Solution:

Write f(x) = 2x + 1)% —

One-one: for x4, x, = 0, f(x1) = f(x;)

= (2x; + 1) = (2x, + 1)2. Both 2x; + 1 are
positive, so 2x; + 1 = 2x, + 1 and x; = x,.
Onto:fory > —5letx = ,/y + 6 —12.

Asy +6 > 1,\/m2 1sox = 0,and
flx) = (,/y + 6)2 —-6=y.

So fis bijective hence invertible, with
o) = -12.

If f(p) =3thenp=f1(3)=V9—-12=1.
Check: f(1) =4+4—-5=3.

I v Answer: f1(y) =, /Jy+6 —12andp = 1.

I Q4 cBsk 2026

Let R be the relation on N X N defined by
(a,b)R (c,d) if and only if ad = bc. Show that R is
an equivalence relation.

Solution:

Reflexive: (a, b)R(a, b) needs ab = ba, which is
true.

Symmetric: if (a, b)R(c, d) then ad = bc,

i.e. cb = da, which says (c,d)R(a, b).
Transitive: let (a, b)R(c,d) and (¢, d)R (e, f),
soad = bc and cf = de.

Multiplying, ad - cf = bc - de.

Cancel cd (non-zero): af = be, so (a,b)R(e, f).
Hence R is reflexive, symmetric and transitive: an
equivalence relation.

v Answer: Equivalence relation.
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CBSE CLASS 12 MATHEMATICS - CHAPTER 2 — INVERSE TRIGONOMETRIC FUNCTIONS CHAPTER OPENER & THEORY

Folding and composites (M3)

From the definition of an inverse: sin(sin~! x) = x for x € [—1,1], and sin"!(sin8) = § only for 8 €
[—g,%]. The first is always safe when x is in the domain; the second needs a check on 8. When 6 is outside

the branch, fold it back using 2m-periodicity and an allied angle:

Expression Value of B in ... Result
sin~1(sin 0) [— rr 0
2’2
2,3_71] T—0
2°2
3
_11’5_71] 0 —2m
22
cos™(cos ) [0, 7] 0
[, 2] 2m—0
[2m, 3] 6 —2m
T T
-1 ——
tan~*(tan @) ( > 2) 0
3
(E,—n> 0—m
2° 2
3
(—n,s—n) 0 —2m
22
cot™%(coth) (0,m) 0
(m, 2m) 0—m
(—=m, 0) 0+m

The result always lies in the branch. A quick check of any folding answer: is it inside [— g,g] (for sin™1) or [0, ]

(for cos™1)? If not, it is wrong.

Composites with a trigonometric function outside. To find sin (cos‘1 %), put & = cos™! % socosf = %with 0 e
[0, ], then find sin 8 from a right triangle or sin & = V1 — cos? 6 (positive, because 8 € [0, t]).

The same triangles give the conversions below, which are used in nearly every simplification.

f=sin""x f=cos ' x @=tan"'x
1 1 7 1+4x°
X l—x X
0 - 0 | 0 O
v 1-x x _ [
cosfl = \-"'.l —x, tanf=—=2A— sinfl= \,.-";i —x7, tanf=2Y II - sinfl = , cosf = —=leu

V1-x N V1+x
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CBSE CLASS 12 MATHEMATICS - CHAPTER 3 — MATRICES

SOLVED EXAMPLES

QUESTION BANK : SOLVED EXAMPLES (MCQS, ASSERTION-REASON, VSA, SA)

2. SOLVED EXAMPLES

A.MCQs

@ Previous Year Questions

Q1 cBsk 2026

The number of all possible matrices of order 2x3 with
eachentry1or2is:
(A) 16 (B) 81

(C) 64 (D) 32

v Correct Answer: (C) 64

Detailed Explanation: A 2x3 matrix has 6 entries;
each entry can independently be 1 or 2 (2 choices),
so the count is 2° = 64.

Q2 cBsk 2026

Which of the following cannot be the order of a row
matrix?
(A)2x1 (B)1x2

(C)1x1 (D)1xn

V Correct Answer: (A) 2 x 1

Detailed Explanation: A row matrix has exactly one
row, so its order must be of the form 1 x n.

The order 2 x 1 has two rows and one column —
that describes a column matrix, not a row matrix.

Q3 case 2026

Which of the following properties is/are true for two
matrices A, B of suitable orders?

()(A+B)T=AT +BT

(i)(A—B)T =BT - AT

(iii) (AB)T = ATBT

(iv) (kAB)T = kBT AT (k scalar)

(A) (i) only (B) (i), (ii) and (iii)

(C) (i) and (ii) (D) (i) and (iv)

v Correct Answer: (D) (i) and (iv)
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Detailed Explanation:

(i) is the standard sum rule — true.

(i) is false; the correct identity is (A — B)T =

AT — BT _{iii) is false; the correct identity reverses
the order: (AB)T = BTAT.

(iv) is true, since (kAB)T = k(AB)T = kBTAT.

Q4 cBsk 2026

||
If A and B are symmetric matrices of the same order,
then which of the following is a skew-symmetric
matrix?
(A) A% + B?
(C) AB + BA

(B) A% - B2
(D) AB - BA

I v Correct Answer: (D) AB — BA

Detailed Explanation:

(AB —BA)T = BTAT — ATBT = BA — AB

= —(AB — BA),

since A and B are symmetric (AT = A, BT = B).

So AB-BA equals the negative of its own transpose —
it is skew-symmetric.

Qb5 cask 2026

If A =[a;;] is a 3x3 scalar matrix, then which of the
following must be true?

(A) A must be a symmetric matrix

(B) A must be a skew-symmetric matrix

(C) A must be an identity matrix

(D) A must be a null matrix

v Correct Answer: (A) A must be a symmetric
matrix

Detailed Explanation: A scalar matrix has a;; = k
when i=j and 0 when i#j, for some constant k. Since
this pattern is symmetric in i and j regardless of the
value of k, AT = A always — A is symmetric for
every k, not only k=1 (identity) or k=0 (null).

Pogem



CBSE CLASS 12 MATHEMATICS - CHAPTER 3 — MATRICES

COMPLETE SOLUTIONS

B. Assertion—Redason

SOLUTIONS

| o P

Assertion (A): If A and B are symmetric matrices of

the same order, then AB is always symmetric.
Reason (R): The transpose of a product reverses
order: (AB)T =BT AT.

v Correct Answer: (D) A is false but R is true.

Explanation: R is a true, general fact about
transposes. But the Assertion is false: (AB)T =

BT AT = BA (using AT=A, BT=B), which equals AB
only when AB=BA — not guaranteed just because A

and B are symmetric.

| - EEEE

Assertion (A): Every identity matrix is a scalar matrix.

Reason (R): A scalar matrix is a diagonal matrix
whose diagonal entries are all equal to some constant
k.

v Correct Answer: (A) Both A and R are true and R
is the correct explanation of A.

Explanation: R gives the correct definition. The
identity matrix is the special case k=1 of this
definition, so it is indeed always a scalar matrix —
confirming A, with R as the direct reason.

I Q3 %’ Competency Based

Assertion (A): If A is a 2x3 matrix and B is a 3x2
matrix, then AB and BA have the same order.
Reason (R): Matrix multiplication XY is defined
whenever the number of columns of X equals the
number of rows of Y.

V Correct Answer: (D) A is false but R is true.

Explanation: R correctly states the general rule for
when a product is defined. But the Assertion is
false: AB is 2x2 while BA is 3x3 — both products are
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defined (as R explains) but they do not have the
same order.

] o« P

Assertion (A): If A is a square matrix such that A2=I,
then A is invertible.

Reason (R): A matrix A is invertible if some matrix B
exists such that AB=BA=I.

v Correct Answer: (A) Both A and R are true and R
is the correct explanation of A.

Explanation: R is the definition of invertibility. Since
A-A=| directly, A itself plays the role of B in that
definition (with B=A), so A is invertible —
confirming A, with R as the exact reason.

I Qb5 [ 8 Hors - Think Beyond|

Assertion (A): If A is a skew-symmetric matrix, then
A? is symmetric.
Reason (R): (42)T = (AT)? = (—A)? = 42

v Correct Answer: (A) Both A and R are true and R
is the correct explanation of A.

Explanation: R computes (42)7 correctly using
AT=-A, arriving back at A%. This shows A? equals its
own transpose, i.e. symmetric — confirming A, with
R as the proof.

| oc RN

Assertion (A): The sum of a symmetric matrix and a
skew-symmetric matrix of the same order is always
symmetric.

Reason (R): Every square matrix can be written as the
sum of a symmetric part and a skew-symmetric part.

I v Correct Answer: (D) A is false but R is true.

Explanation: R states Theorem 2 correctly. But the
Assertion is false: if P is symmetric and Q is skew-
symmetric, P+Q is just some general square matrix
A (which is exactly what Theorem 2 decomposes)
— it is symmetric only in the special case Q=0.
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CBSE CLASS 12 MATHEMATICS - CHAPTER 4 — DETERMINANTS

SOLVED EXAMPLES

QUESTION BANK — SOLVED EXAMPLES (SECTIONS A-G: FULL CHAPTER)

2. SOLVED EXAMPLES

& Previous Year Questions

I Q1 cBse 2026

2026 0 0
IfA(adjA)=| O 2026 0 |, then the value of
0 0 2026
|adj A| is equal to:
(A) 2026 (B) (2026)~"

(€) (2026)~2 (D) (2026)?

v Correct Answer: (D) (2026)2

Detailed Explanation: Since A(adj A) = |A]],
comparing with the given matrix gives |A|=2026.
For a 3x3 matrix, |adj A| = |A|* 1 = |A|? =
(2026)2.

I Q2 cBsk 2026

3 00

If A(adj A) = [0 3 O], then the value of |2A] is:
0 0 3

(A)6 (B) 54 (C) 12 (D) 24

v Correct Answer: (D) 24

Detailed Explanation: A(adj A)=|A|l gives |A|=3
(order 3). For an nxn matrix, |kA|=k™|A], so |2A|
=23x3=8x3=24.
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I Q3 cBse 2026

If A and B are square matrices of order 3 such that
|A|=4 and |B|=7, then |2AB] is:

(A) 112 (B) 56 (C) 28 (D) 224

I v Correct Answer: (D) 224

Detailed Explanation: |2AB| = 23|A||B| = 8x4x7 =
224.

I Q4 cBse 2026

If A and B are invertible matrices of the same order,
then which of the following is NOT correct?
(A)(A+B)"'=B"1+471 (B)(4B)"t=B"1471
(C)adjA=|A]A™1 (D)A1 " =A

I v Correct Answer: (A) (A + B)"1 =B~ 1+471

Detailed Explanation: (B), (C) and (D) are genuine
identities: Theorem 4 gives (B); rearranging
A~1=(1/|A])adj A gives (C); and the inverse of an
inverse returns the original matrix, giving (D). There
is no such identity for the inverse of a sum — (A) is
not correct in general.

I Q5 cBsk 2026

A system of equations AX=B, where A is the

coefficient matrix, is:

(A) consistent if |A|# 0, with solution X=BA™1!

(B) inconsistent if |A|=0and (adj A)B=0

(C) inconsistentif |[A|z0

(D) possibly consistent or inconsistent if |A|=0 and
(adjA)B=0

v Correct Answer: (D) possibly consistent or
inconsistent if |A|=0 and (adj A)B=0

Detailed Explanation: |A|# 0 always gives a unique

(hence consistent) solution X=A~1B — note the
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CBSE CLASS 12 MATHEMATICS - CHAPTER 5 — CONTINUITY AND DIFFERENTIABILITY CHAPTER OPENER & THEORY

A Common Mistakes

MISTAKE
Checking only one of the two one-sided limits and assuming the other matches.

MISTAKE
Concluding "continuous, so differentiable" without a separate LHD=RHD check.

MISTAKE

Forgetting to multiply by Z—z when differentiating a term containing y in implicit differentiation.

MISTAKE
Using the power rule on x*-type expressions instead of switching to logarithmic differentiation.

MISTAKE
Sign errors in the derivatives of cos ™! x and cot ™! x (forgetting the negative sign).

> B B P

MISTAKE
dx

- . . d Vi e
In parametric differentiation, computing d—z as g—; — the ratio flipped.
dat

B

MISTAKE
Forgetting the chain rule’s "inner derivative" factor when differentiating a composite function.

A Common Misconceptions

"If a function is continuous, it must also be differentiable."

What students commonly think: that "no breaks" (continuity) automatically means "smooth" (differentiable)
— treating the two ideas as interchangeable.

Why that thinking is incorrect: differentiability is a STRICTER condition than continuity; a graph can have no
break yet still have a sharp corner, where the slope approaching from the left differs from the slope
approaching from the right.

Correct concept: differentiability = continuity is a one-way implication. f(x)=|x| is continuous everywhere
but not differentiable at x=0, because LHD=-1 and RHD=+1 at that point — they disagree even though the
function itself has no break.

How to avoid it in the exam: always run continuity and differentiability as two SEPARATE checks at a
suspicious point (a junction of a piecewise function, an absolute-value expression), never assume one from
the other.

"The derivative of a variable-exponent expression uses the ordinary power rule."

What students commonly think: that x* or (sin x)* can be differentiated the same way as x™, by just
bringing the exponent down.

Why that thinking is incorrect: the power rule nx™ ! only works when the exponent n is a CONSTANT; when
the exponent itself is a function of x, neither the power rule nor the exponential rule (a*In a) applies directly.

Correct concept: when both the base and the exponent are functions of x, take the logarithm of both sides
first (logarithmic differentiation) to turn the expression into a sum/product that ordinary differentiation rules
can handle.
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CBSE CLASS 12 MATHEMATICS -

CHAPTER 5 — CONTINUITY AND DIFFERENTIABILITY

I Q6 cBsk 2026

The greatest integer function f(x)=[x], 0<x<3, is not
differentiable at how many points?

(A) At only one point

(B) At only two points

(C) At no point

(D) At three points

v Correct Answer: (B) At only two points

Detailed Explanation: [x] fails to be differentiable
at every integer (it isn’t even continuous there). In
the open interval (0,3), the integers are x=1 and x=2
— exactly 2 points.

I Q7 cBsk 2026

If £(x) = - 4’; >

then the value of k is:

(A) any real value

(B) 6
(€ -1
(D) -6

v Correct Answer: (D) -6

Detailed Explanation: Factoring:
x2-4x-5=(x-5)(x+1), so f(x)=x-5 for xz-1. k =
lim,__41 (x-5)=-6

I Q8 cBse 2026

The function f(x) = = js:

2
(A) discontinuous at only one point

(B) discontinuous at exactly two points
(C) discontinuous at exactly three points
(D) continuous at every point

v Correct Answer: (B) discontinuous at exactly two
points

Detailed Explanation: The denominator
3x%-x3=x%(3-x) is zero at x=0 and x=3, so f is
undefined (hence discontinuous, since it fails to

even be defined) at exactly these 2 points.

ChilliMath - Class 12 Mathematics Question Bank

(x2-1), k (x=—1) is continuous at x=-1,

I Q9 cask 2026

d .
If y=log(tan x), then the value ofd—z at x=% is:

1
(A) 7 (B)O (€1 (D)2
I v Correct Answer: (D) 2
Detailed Explanation: dy _sec’x . At x=r/4:
dx tanx  sin2x’

. d
sm(g):l, o) d—i:z.

I Q10 cask 2025

The function f defined by f(x)=x (x<1), 5 (x>1) is not
continuous at:
(A) x=0 (B) x=1

(C) x=2 (D) x=5

I v Correct Answer: (B) x=1

Detailed Explanation: At x=1: LHL = lim,_,;- x=1=
f(1), but RHL = lim,._,4+ 5 =5 # 1. The one-sided
limits disagree, so f is discontinuous at x=1.

I Q11 cBse 2025

If f(x) = M( #0), 1 (x=0) is continuous at x=0,
then the value of a is:
(A)1 (B) -1 (C) x1 (D)0

I v Correct Answer: (C) +1

Detailed Explanation:
sin(ax)
 x [e]

the limit as x%O is a?x1%=a?
Setting a®=1 gives a=+1.

sin (ax)

Writing ———

I Q12 cssk 2025

If f(x)=[x] is the greatest integer function, then the
correct statement about f at x=2 is:

(A) fis continuous but not differentiable at x=2

(B) fis neither continuous nor differentiable at x=2
(C) fis continuous as well as differentiable at x=2
(D) fis not continuous but differentiable at x=2

Pogem
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CBSE CLASS 12 MATHEMATICS - CHAPTER 5 — CONTINUITY AND DIFFERENTIABILITY

SOLVED EXAMPLES

4 Fresh Questions

] o RN

Assertion (A): f(x)=|x| is differentiable at x=0.

Reason (R): f(x)=|x| is continuous at x=0.
v Correct Answer: (D) A is false but R is true.
Explanation: R is true (| x| has no break at 0). But
the Assertion is false: LHD=-1 and RHD=+1 at x=0,

so they disagree — |x| is NOT differentiable at O,
even though it is continuous there.

B

Assertion (A): If f is differentiable at x=c, then f is
continuous at x=c.

Reason (R): Every differentiable function is
continuous, though the converse need not hold.

V Correct Answer: (A) Both A and R are true and R
is the correct explanation of A.

Explanation: R states the exact theorem, which

directly confirms the Assertion — answer A.

] o5 ocmmrans

Assertion (A): To differentiate y=x"*, logarithmic
differentiation must be used.

Reason (R): The ordinary power rule nx™1 only
applies when the exponent n is a constant.

V Correct Answer: (A) Both A and R are true and R
is the correct explanation of A.

Explanation: R correctly explains why: since the
exponent sin x is a function of x (not constant),
neither the power rule nor a*-style exponential
rule applies directly, making logarithmic
differentiation necessary — confirming A.
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Jos
dy _dy/dt

Assertion (A): If x=f(t) and y=g(t), then ox~ ax/ar

Reason (R): This follows directly from the chain rule
applied to parametric equations.

v Correct Answer: (A) Both A and R are true and R
is the correct explanation of A.

Explanation: R correctly identifies the source of the
formula: the chain rule dy/dt = (dy/dx)(dx/dt),
rearranged, gives exactly the stated parametric
formula — confirming A.

I Q7 [ & HoTs - Think Beyond|

Assertion (A): A function that is continuous
everywhere on R must be differentiable everywhere
on R.

Reason (R): f(x)=|x| is continuous everywhere but
not differentiable at x=0.

I v Correct Answer: (D) A is false but R is true.

Explanation: R gives a true, standard
counterexample. This directly disproves the
Assertion, confirming it is false while R is a true
statement.

C. Very Short Answer

@& Previous Year Questions

I Q1 cBsk 2026

1 1, ,d
If x=t+=and y=t—, find 2 at t=2.
t t dx

.o dx 1 dy _ 1

Solution: pr 1 pn 1+—t2.
5. 9X 4 43, A4, dy _5/4_5
At t=2: =1t E=14=5/4. 2= o s 2,
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CBSE CLASS 12 MATHEMATICS - CHAPTER 6 — APPLICATIONS OF DERIVATIVES

SOLVED EXAMPLES

Q14 cBsk 2023

If f(x)=a(x—cos x) is strictly decreasing on R, then a
belongs to:

(A) {0}

v Correct Answer: (C) (—o°,0)

Detailed Explanation: f'(x)=a(1+sinx).

Since (1+sinx)=0 always (ranging from 0 to 2), for
f'(x)<0 throughout (strictly decreasing, excluding
a=0 which would make f constant), we need a<0,
i.e. a€(-=0,0).

Q15 case 2023

The rate of change of the volume of a spherical
bubble with respect to its radius r, at r=3 cm, is:

(A) 241t cm3/cm (B) 36m cm?/cm
(C) 36m cm3/cm (D) 241t cm?/cm

V Correct Answer: (C) 36 cm?/cm

. . d
Detailed Explanation: V=§nr3, d—‘:=4nr2. At r=3:

av
— =36mcm3/cm.
dr

~. Fresh MCQs

| oo e

A balloon’s volume is increasing at 12 cm3/s. The rate
of change of its radius when r=2 cm is:

(A)%cm/s (B)%cm/s (C) 3rtem/s (D)ln—zcm/s

| V Correct Answer: (B) % cm/s

. . 4 dv d
Detailed Explanation: V=-tr?, so ——=4mr2-=.
3 dt dt
ar ar 12 3
At r=2: 12—4“(4)';, Ne) iy cm/s.

] o e

The function f(x)=2x3-3x?>-12x+5 is strictly decreasing
on:

(A)(-1,2)  (B)(->=,-1) (C)(2,)  (D)R

I V Correct Answer: (A) (-1,2)
Detailed Explanation:

f'(x)=6x2-6x-12=6(x>-x-2)=6(x-2)(x+1). This is
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negative between the roots x=-1 and x=2, so f is
strictly decreasing on (-1,2).

] oo

The critical points of f(x)=x3>-3x? are:

(A)x=0,2 (B)x=0,3 (C)x=1,2 (D) x=-1, 2

I v Correct Answer: (A) x=0, 2

Detailed Explanation: f'(x)=3x?-6x=3x(x-2).
Setting f'(x)=0: x=0 or x=2.

I Q19 ’ﬂ Competency Based

For f(x)=x3-3x2, the point x=0 is:
(A) a point of local maximum
(B) a point of local minimum
(C) a point of inflexion

(D) not a critical point

I v Correct Answer: (A) a point of local maximum

Detailed Explanation: f'(x)=3x(x-2),

which is positive for x<0, negative for 0<x<2.
Since f' changes from + to - at x=0, this is a local
maximum (First Derivative Test).

] o

If f"(c)=0 at a critical point c, the Second Derivative
Test:

(A) confirms c is a local maximum

(B) confirms c is a local minimum

(C) is inconclusive

(D) confirms c is neither max nor min

I v Correct Answer: (C) is inconclusive

Detailed Explanation: When f”(c)=0, the Second
Derivative Test gives no information either way —
the First Derivative Test must be used instead to
classify c.

] o e

A ladder 5 m long is sliding down a wall. If the foot of
the ladder is x m from the wall, and x is increasing,
the rate of change of the height of the top of the
ladder (given by y where x*+y?=25) with respect to

Pogem



CBSE CLASS 12 MATHEMATICS -

CHAPTER 6 — APPLICATIONS OF DERIVATIVES

SOLVED EXAMPLES

D. Short Answer

X 3 MARKS

@ Previous Year Questions

I Q1 cBsk 2025

The radius of a cylinder is increasing at the rate of 3

cm/s, and its height is decreasing at the rate of 5
cm/s. Find the rate of change of its volume when
radius is 4 cm and height is 7 cm.

» dh

h—r
dt’”

Solution: V=mr?h. % (2

At r=4, h=7, ﬂ:s, ﬂ=—5z

W 1[2(4)(7)(3)+16(-5)] = n[168-80] = 881 cm?/s.

I Q2 cBsk 2025

The radius of a cylinder is decreasing at the rate of 2
cm/s and the altitude is increasing at the rate of 3
cm/s. Find the rate of change of the volume of the
cylinder when its radius is 4 cm and altitude is 6 cm.

2 dh

2p Vs ol
Solution: V=nmr h m(2rh- dt+r 20

At r=4, h=6, Z=-2, ﬂ:s:
de dt
% =11[2(4)(6)(-2)+16(3)] = m[-96+48] = -48m cm3/s

(the volume is decreasing).

I Q3 cask 2025

Find the intervals in which the function
f(x)=3x*-4x3-12x2+5 is
(i) strictly increasing (ii) strictly decreasing.

Solution:
f'(x)=12x3-12x2-24x=12x(x*-x-2)=12x(x-2)(x+1).
The critical points are x=-1, 0, 2. Testing the sign of
f"in each interval: negative on (—=o,—1), positive on
). So fis
strictly increasing on (-1,0)U(2,2°), and strictly

(-1,0), negative on (0,2), positive on (2,o°

decreasing on (—o=,-1)U(0,2).
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I Q4 cBsk 2023

Find the intervals in which the function f given by
f(x)=—2x3-9x2-12x+1 is
(i) strictly increasing (ii) strictly decreasing.

Solution:
f'(x)=—6x2-18x-12=-6(x2+3x+2)=—6(x+1)(x+2).

The critical points are x=-2, —1. Testing signs: f'<0
on (-o°,-2), >0 on (-2,-1), f'<0 on (-1,2). So f is
strictly increasing on (-2,-1), and strictly decreasing
on (—o0,-2)U(-1,°°).

I Qb5 cBsk 2023

If the circumference of a circle is increasing at a
constant rate, prove that the rate of change of the
area of the circle is directly proportional to its radius.

Solution: Let %:k (a constant). Since C=2rtr,

dc dr dr k
—=21—, SO — = — — also a constant.
dt dt dat  2m
dA
Now A=mr?, so — = 2T[r —= 2Ttr— = kr.
dat dat 2m

dA
Since k is a constant, this shows v is directly

proportional to r.

I Q6 casE 2023

Consider the statement: "There exists at least one
value of beR for which f(x):g (b20) is strictly

increasing on R—{0}." State True or False. Justify.

Solution: True. f'(x) = —%. Choosing any b<0

(e.g. b=—1) makes -b>0, so f'(x) = ;—f >0 for every
x#0 (since x2>0 always). So f is strictly increasing on

R-{0} for any negative value of b — confirming such
a b exists.

I Q7 cBsk 2024

The surface area of a cube increases at the rate of 72
cm?/sec. Find the rate of change of its volume when
the edge of the cube measures 3 cm.

ion: S=6x2 <085 = 19y % -3-79= 25
Solution: S=6x?, so e 12x dt.Atx 3:72=12(3) v

dx
o) d—=2 cm/s.

zdx

Now V=x3, — = 3x>— = 3(9)(2) = 54 cm?/s.

Pogem



CBSE CLASS 12 MATHEMATICS - CHAPTER 7 — INTEGRALS

SOLVED EXAMPLES

I Q18 cask 2025

3 cosvx
1) 7= dxis equal to:

(A) —6sinvVx + C (B) —6 cosvx + C
(C)6cosVx +C (D) 6sinvVx + C

v Correct Answer: (D) 6 sinvx + C

; ; - — ax
Detailed Explanation: Put t = V/x, so dt = o

.oodx
i.e. N 2 dt.

Then [3cost-2dt = 6sint + C = 6sinVx + C.

I Q19 cBsk 2025, 2023
f cot\/—

dx is equal to:

(B)110g|sin\/—| +C

(D) £

(A) log|sin \/§| +C

(C) 2log|sinVx| + C +C

v Correct Answer: (C) 2 log|sin \/§| +C

\/_—Zdt

Then [ cott - 2dt = 2logl|sint| + C =
210g|sin\/§| +C.

Detailed Explanation: Put t = +/x, so

I Q20 cask 2025, 2024

COS 2x :
[ =——== dx is equal to:
Sin“ x cos“ x

(A) cotx +tanx + C
(C)cotx —tanx + C

(B) —cotx +tanx + C
(D) —cotx —tanx + C

v Correct Answer: (D) — cotx —tanx + C

Detailed Explanation: cos 2x = cos? x — sin? x,

COSs 2x 1 1 2 2
- = cosec™Xx — sec” Xx.

sin2xcos?x  sin?x  cos?x

Integrating, — cotx — tanx + C.

I Q21 case 2024

[—Z_is equal to:
x(logx)?2 a ’

(A) 2log(logx) + C (B) —@ +C

(c) Loen)” “"g") +C (D) 3(logx)? + C

+C

ogx

| v Correct Answer: (B) —
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Detailed Explanation: Put t = logx, so dt = %.

dt 1
Thenft—z— —?+C = _logx+C
I Q22 cBse 2024
X .
Je 1)3 dx is equal to:
2e*
(A) 1)3 +C (B) — D7 +C (C)
E +C (D) 1)2
| v Correct Answer: (D) 1)2 +C
. .o x=3 (x=1)-2 _ i
Detailed Explanatlon. G - D 12
1 o __ 2
G With f = o ' = — G
so the mtegrand is e"[f + f'] and the integral is
(x o +C.

I Q23 cBsk 2024

3logx

dx is equal to:
(A) —log(x +1)+C
(€)

1 1
(B) —10g4—+1 +C
(D)

4+1 4+1

| v Correct Answer: (A) %log(x4 +1)+C

Detailed Explanation: e3198% = x3,

x3

so the integrand is

xt+1
Putt = x* + 1, dt = 4x3dx: = [ L = Zlog(x* +
47t 4
1)+ C.
I Q24 cBsk 2023
The value of f_zz sin® x cos x dx is:
sin® 2

(A) % (B) 0 (C)2sin®2 (D)2

I v Correct Answer: (B) 0

Detailed Explanation: Let f(x) = sin® x cos x.

Then f(—x) = (—sinx)° cosx = —f(x),
so f is odd. For an odd function over [—a, a] the
integral is O (property P;).

Pogem



CBSE CLASS 12 MATHEMATICS - CHAPTER 8 — APPLICATIONS OF INTEGRALS

| e

The area bounded by the parabola x? = 4y and the
liney = 4is:
(A) 33—2 sg. units (B) % sg. units

(C) 8 sqg. units (D) % sq. units

| v Correct Answer: (D) 63—4 sg. units

L 3

\ .

o ’
X

Explanation: x2 = 4y meetsy = 4 at x = +4.

Horizontal strips, x = 2\/; in the first quadrant:
4 2 64 .

Area=2 [ 2.[ydy = 4-%- 8 =—sq. units.

| e

The area enclosed by the circle x? + y2 = 9 is:
(A) 37 sq. units
(C) 187 sq. units

(B) 61 sg. units
(D) 97 sq. units

I v Correct Answer: (D) 97 sqg. units

4

91 sq. units (= ma? with a = 3).
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] v e

2 2
The area enclosed by the ellipse % + % =1is:

(A) 207 sq. units
(C) 407 sq. units

(B) 107 sq. units
(D) 807 sq. units

I v Correct Answer: (A) 207 sg. units

v

Explanation: Here a = 5, b = 4. Area = mab =
207 sq. units (from 4f05§\/25 — x2 dx).

] oo

The area under the curve y = cos x and above the x-
axis, fromx =0tox = g, is:

(A) 1 sq. unit
(C)%sq. unit

(B) 2 sq. units
(D)%sq. units

I v Correct Answer: (A) 1 sq. unit

oA

T =Cusx >
] "
€ 1\ -

Explanation: Area = f(;T/Z cosx dx = [sinx]’g/z =

1 sqg. unit.

I Q19 % Competency Based

The area bounded by the curve y = sin x and the x-

axis between x = 0 and x = 2m is:

Page E
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CBSE CLASS 12 MATHEMATICS - CHAPTER 9 — DIFFERENTIAL EQUATIONS SOLVED EXAMPLES

td + sin (d—y) = 0 is not defined.
dx dx

B. Assertion—Reason

Reason (R): The equation is not a polynomial in Z—z.
Standard CBSE format — choose from options (A)— v Correct Answer: (A) Both A and R are true and R
(D) as defined below each question. is the correct explanation of A.

(A) Both A and R are true and R is the correct
explanation of A.

(B) Both A and R are true but R is not the correct
explanation of A. sin

Explanation: Degree is defined only when the

equation is a polynomial in its derivatives. Because
dy
dx
(C) Ais true but R is false. defined. R is true and is exactly the reason for A.

(D) Ais false but R is true.
| L —

Assertion (A): The general solution of a second-order

. . d .
is not a polynomial in d—z, the degree is not

I Q1 cBsk 2026

Assertion (A): One of the particular solutions of the differential equation contains two arbitrary
. . . d s
differential equation d—z =e*Vcanbee* +e ™V = constants.
—2. Reason (R): A particular solution of a first-order
Reason (R): e* + e~ = ( is the general solution of differential equation contains one arbitrary constant.
. . . d . .
the differential equation d—z =eXtV, I v Correct Answer: (C) A is true but R is false.
v Correct Answer: (D) A is false but R is true. Explanation: The general solution of an equation of

order n has n arbitrary constants, so A is true. A
Explanation: Separating, e Y dy = e*dx, so

—e Y =e*+(Cy,ie.e*+e¥ =C(:Ristrue.
Bute* >0ande™ > 0,so0e* + e ¥ is always
positive and can never equal —2: the "solution" in A

. . Q5 & Board Based
does not exist (it would need C = —2 < 0).

A is false. Assertion (A): The integrating factor of

particular solution has no arbitrary constant, so R is
false.

ay 20 2%
xX—+4 2y = x“ise“*.
dx+ y

2 cBsE 2025

I Q Reason (R): The integrating factor of% +Py=Qis
Assertion (A): x2dy = (2xy + y?)dx is a el Pdx
homogeneous differential equation.

Reason (R): A differential equation of the form I v Correct Answer: (D) Als false but R s true.

@ _p

= G) is a homogeneous differential equation.

: . .od
Explanation: R is true. But in xﬁ + 2y = x? the

v Correct Answer: (A) Both A and R are true and R coefficient Of% is x, so first divide by x: Z—z 1L iy =

is the correct explanation of A. 2 . .
P x.Then P = ~and the |.F. is e2108% — 2 A s false.

2 2
Explanation: D _ zw# =224 (X) — 7 (X)' I
ihe defiton n R. Ris the defin QB 4 compeancy e
so A is true by the definition in R. R is the definition
of a homogeneous equation and is true; it explains Assertion (A): ? Y is a variable separable
X

T x
A. differential equation.

d . . .
I Q3 Reason (R): d—z = % is a homogeneous differential
Board Based

equation.

Assertion (A): The degree of the differential equation
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CBSE CLASS 12 MATHEMATICS - CHAPTER 10 — VECTOR ALGEBRA SOLVED EXAMPLES

C.Very Short Answer

I Q1 cBse 2026

Three honey bees were found flying along the vectors

G=20—3j+k b=4—2kandé =30+ 2k
respectively. Find the value of A such that the path

for d + Ab is perpendicular to &.

Solution:

G+Ab =20+ (42— 3)j + (1 — 2)k.
Perpendicular to & (@ + Ab) - ¢ = 0.
6+0+2(1—21)=8—41=0,501=2.

v Answer: 1 = 2

I Q2 cBsk 2026

If A, B and C are three non-collinear points such that

— ~ —
AB =1+ 2] —k and AC = 21 — 3j, then find the
area of ABC.

o P 7k
SolutiontAB X AC =1 2 —1|=-3i—-2j—-
2 =3 0
7k, with magnitude v/9 + 4 + 49 = V/62.

Area = % 62 = @ sg. units.

62 .
v Answer: g sg. units

I Q3 cask 2026

Find a unit vector perpendicular to both of the

— —
vectors AB and BC, where A, B and C are (3,—1,2),
(1,—-1,-3) and (4, —3,1) respectively.

— - — ~
Solution:AB = —2{ — 5k and BC = 31 — 2] + 4k.

~

— o |t Tk "
ABXBC=|-2 (0 —5|=-10i—7]+ 4k,
3 =2 4
with magnitude 100 + 49 + 16 = V/165.
: . —10i-7j+4k
Unit vectors: i—\/ﬁ
., —10i-7j+4k
Vv Answer: i—\/ﬁ
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I Q4 cBsk 2026

If for two unit vectors @ and b, |d + 2b| = |2d — b|,

then find the angle between @ and b.
Solution:Square both sides:
= 50 —,2 N - —,2
|d|*> +4d-b+4|b| =4ld|>—4d-b+|b| .
With unit vectors: 5+ 4cos8 =5 — 4 cos 0,

socosf =0and @ =§.

T
I Vv Answer: 2

I QD cBsk 2026

In a parallelogram PQRS, P_Q) =20+ 3]+ k and

Q_R) =7i—-2]+ k. Find the unit vectors parallel to the
diagonals PR and SQ.

_ s — ~
Solution:PR = PQ + QR = 3i +j + 2k,
with magnitude v9 + 1 + 4 = v 14.
—_ = —_ > —
In a parallelogram PS = QR,so SQ = PQ — PS =
—_— —
PQ — QR =i + 5], with magnitude v 26.

. 3i+j+2k i+5]
Unit vectors: i along PR and Word along SQ.

. 3i+j+2k . | 5]
| v Answer: Along PR: Tz along SQ: =

I Q6 cBsk 2026

If the position vectors of three points A, B and C are
31 +}, 51 + 6] — 3k and 4] respectively, then show
that they form an isosceles triangle.

— ~
Solution:AB = 2i + 5] — 3k,
s0|AB|? = 4+ 25 +9 = 38.BC = —5{ — 2J + 3k,
s0|BC|? = 25+ 4 +9 = 38. And AC = —30 + 3],

so |AC|?> = 18.|AB| = |BC| = V38,
so the triangle is isosceles.

I Vv Answer: Shown: AB = BC = +/38.

I Q7 cBsk 2026

Vectors d = 31 — 2j + 2k and b=i+2k represent
the two adjacent sides of a parallelogram. Find the
vectors representing its diagonals and hence find
their lengths.

Pogem



CBSE CLASS 12 MATHEMATICS - CHAPTER 11 — THREE DIMENSIONAL GEOMETRY

SOLVED EXAMPLES

] csopymm

The shortest distance between the lines
1 -2 1 7 -6 1
(A)V29  (B)2v29 (€)4v29 (D) \/%_9

I v Correct Answer: (B) 2v29

~

Explanation: by X b, =1 —2 1
7 -6 1

= 47 + 6] + 8k, with magnitude V116 = 2v/29.
d, — d; = —4i — 6] — 8k and its dot product with
P L ¢ . 116

b; X b, is —116. Distance = PN 2V29.

I Q51 £ competency Based

The distance between the parallel lines 7 = (i + j) +
A2t —j+k)and7 = (20 —j— k) + pu(4i — 2j +
ZIE) is:

NG

(©v2 (D) ?

‘ V Correct Answer: (A) ¥

Explanation: d, — d, = 1 — 2j — k, b =2 —j+k,

~

R 4 2 i k
so(d;—da;))xb=11 -2 -1
2 -1 1
= —31 — 3j + 3k, of magnitude v/27 = 3+/3.
. 3v3 _ S .
D|stanceﬁ =% units.

] sz

The foot of the perpendicular drawn from the point
(1,2,3) onthe Iine% = % = %is:

(A)(2,2,2)(B)(1,1,1) (€3, 3,3) (D)(L, 2 3)
I v Correct Answer: (A) (2, 2, 2)

Explanation: A general point of the line is Q(4,1, 1)
and the direction ratios of the line are (1, 1, 1).
— —
PQ=(—1+21,—-2+21,—3 4+ 1).Since PQ 1L line:
(14+D+ (24D +(-34+1)=0,ie. -6+
31 =0, so A = 2. Foot of the perpendicular:

Q(2, 2, 2).
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I Q53 % Competency Based
The image of the point (1,2,3) in the x-axis is:
I v Correct Answer: (B) (1, —2, —3)

Explanation: The foot of the perpendicular from
(1,2,3) on the x-axis is (1,0,0). The foot is the mid-
point of the point and its image, so the image is
2(1,0,0) — (1,2,3) = (1,-2,-3).

...

A line through the origin is perpendicular to the lines

=Y =Z3ndZ=2=2 |tsdirection ratios are:
1 2 3 20 -1

(A) 2, =7, —4 (B) -2, 7, —4
(€1,2 3 (D) -2, -7, 4

I v Correct Answer: (B) —2, 7, —4

Explanation: Direction=b; X b, =1 2 3 |=
2 0 -1

—2i + 7j — 4k. So the direction ratios are
(—=2,7,—4) (or any non-zero multiple).
Check: =2+ 14 —-12=0and -4+ 0+ 4 =0.

I Q55 4 competency Based

If a, B, y are the angles which a line makes with the
positive directions of the coordinate axes, then
cos 2a + cos 2 + cos 2y equals:

(A)1 (B)O (€)-3 (D) -1

I v Correct Answer: (D) —1

Explanation: cos 20 = 2 cos? 6 — 1, so the sum is
2(cos? a + cos? B + cos?y) — 3. Since cos? a +
cos? B + cos?y =1,thesumis2 —3 = —1.

I Q56 % Competency Based
Thelines?=1+2j+k+A(i—j+k)and7 =1+
j+k +,u(i—j+ 2]?) are:

(B) intersecting lines

(D) skew lines

(A) parallel lines
(C) coincident lines

Pogem



CBSE CLASS 12 MATHEMATICS - CHAPTER 12 — LINEAR PROGRAMMING

SOLVED EXAMPLES

C.Very Short Answer

I Q1 cBsk 2026

Draw the feasible region of the constraints 2x + y <
70, x+y <40andx = 0,y = 0, and write its
corner points.

Ya

(0, 40)

(1&(2)9(3&")1
e >

o0, 0) A3, 00 x

Feasible region; lines: 2x +y =70, x +y = 40

Solution:

Graph. Line 2x + y = 70 meets the axes at (35,0)
and (0,70). Line x + y = 40 meets the axes at
(40,0) and (0,40).

Test 0(0,0) in each inequality and shade the side
that satisfies it, together with x > 0,y > 0.

The corner points are 0(0, 0), A(35, 0),

B(30, 10), C(0, 40).

v Answer: Corner points: (0, 0), (35, 0), (30, 10),
(0, 40).

I Q2 cBsk 2026

Draw the feasible region of the constraints 2x +y >
8, x+2y=10andx =0,y = 0, and write its
corner points.

Va

A(D, 8)

B(1, 4)

(1)
(2)
\. >

(10, 0y x

Feasible region; lines: 2x + y = 8, x + 2y = 10
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Solution:

Graph. Line 2x + y = 8 meets the axes at (4,0)
and (0,8). Line x + 2y = 10 meets the axes at
(10,0) and (0,5).

Test 0(0,0) in each inequality and shade the side
that satisfies it, together withx = 0,y > 0.

The corner points are A(0, 8), B(2, 4), C(10, 0).
The region is unbounded.

I v Answer: Corner points: (0, 8), (2, 4), (10, 0).

I Q3 cBsk 2026

Draw the feasible region of the constraints 4x +y >
20,2x+ 3y =>230andx = 0,y = 0, and write its
corner points.
Vi
A(0, 20)

B(p, 8)

B . L

b >

(15, 0) X

Feasible region; lines: 4x +y = 20, 2x + 3y = 30

Solution:

Graph. Line 4x + y = 20 meets the axes at (5,0)
and (0,20). Line 2x + 3y = 30 meets the axes at
(15,0) and (0,10).

Test 0(0,0) in each inequality and shade the side
that satisfies it, together withx > 0,y > 0.

The corner points are A(0, 20), B(3, 8), C(15, 0).
The region is unbounded.

I v Answer: Corner points: (0, 20), (3, 8), (15, 0).

I Q4 cBsk 2025

The corner points of the feasible region determined
by a system of linear inequalities are A(25,0),
B(16,16) and €(0,24). Find the maximum and the
minimum value of Z = 4x + 3y, and the points at
which they occur.

Pogem



CBSE CLASS 12 MATHEMATICS - CHAPTER 13 — PROBABILITY

SOLVED EXAMPLES

B. Assertion—Redason

Standard CBSE format — choose from options (A)—(D) as
defined below each question.

(A) Both A and R are true and R is the correct
explanation of A.

(B) Both A and R are true but R is not the correct
explanation of A.

(C) Ais true but R is false.

(D) A'is false but R is true.

I Q1 cBsk 2026

Assertion (A): A die is thrown. If B is the event "the
number is odd" and A is the event "the number is
prime", then P(A|B) = 23.

Reason (R): For events 4 and B,

P(A|B) = P(AU B)P(B).

v Correct Answer: (C) A is true but R is false.
Explanation: Odd numbers: 1,3,5; primes among
them: 3,5. So P(A|B) = 23: Ais true. The correct

formulais P(A|B) = P(A N B)P(B) (intersection,
not union): R is false.

I Q2 cBsk 2026

Assertion (A): If A and B are independent events
with P(B) # 0, then P(A|B) = P(4).

Reason (R): For independent events A and B, P(A N
B) = P(A) - P(B).

v Correct Answer: (A) Both A and R are true and R

is the correct explanation of A.

Explanation: P(A|B) = P(AN B)P(B) =
P(A)P(B)P(B) = P(A). Ais true, and R is exactly
the fact used to prove it, so R explains A.

I Q3 case 2025

Assertion (A): If A and B are mutually exclusive
events with P(4A) > 0and P(B) > 0, then A and B
are independent.

Reason (R): Two events A and B are independent if
andonly if P(AN B) = P(A) P(B).
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I v Correct Answer: (D) A is false but R is true.

Explanation: Mutually exclusive means P(A N B) =
0, but P(A)P(B) > 0, so the product rule fails: A'is
false. R is the definition of independence: R is true.

I Q4 cBse 2024

Assertion (A): If R and S are events with P(S) > 0
and P(R|S) = 1, then SR (apart from events of
probability 0).

Reason (R): If P(A N B) = P(B), then BA (apart from
events of probability 0).

v Correct Answer: (A) Both A and R are true and R
is the correct explanation of A.

Explanation: P(R|S) = 1 means P(RN S) = P(S):
every outcome of S lies in R. R states this general
fact, so R explains A. Both are true.

I Qb5 cBsk 2023

Assertion (A): Two fair coins are tossed. The
probability of getting two heads, given that at least
one head has appeared, is 13.

Reason (R): For events E and F with P(E) > 0,
P(F|E) =P(ENF)P(E).

v Correct Answer: (A) Both A and R are true and R
is the correct explanation of A.

Explanation: Given at least one head, the reduced
sample space is {HH, HT, TH} (3 outcomes); only

HH is favourable, so the probability is % Ais true.R

is the formula used, so R explains A.

| cclEEEm

Assertion (A): A fair coin is tossed twice. The
probability that both tosses show heads is 14.
Reason (R): For any two events A and B, P(AU B) =
P(A)+ P(B) —P(ANB).

v Correct Answer: (B) Both A and R are true butR
is not the correct explanation of A.

Explanation: The two tosses are independent:
P(HH) =12 -12 = 14, so Aiis true. R is also a true

Pogem
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