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Class 12 - Mathematics - Chapter 1

Chapter |
Relati | Fumeti

wFuy

NCERT Mathematics Part I, Reprint 2026-2% - CBSE board 202%

— Chapter Map (k = asked in almost every CBSE paper 2024-2026)

. Types of relations * %% Equivalence relation %%

reflexive, symmetric, transitive equivalence classes

Relations & Functions

One-one, onto, bijective % % Composition, inverse %
B proofs, counting functions gof, invertible functions —
What is inside Colour code used
1. Relations: types, equivalence relations and classes (p. 2) red = key ferm green = definition

2. Functions: one-one, onto, bijective; counting; compositionand ~ purple = sub-heading black = working

inverse (p. 3) 7<= high-frequency board fopic

= mark Thne examiner q cfnr+hn+c+plr_1

4. CBSE PYQs 2024-2026, fully solved (p. 3-13)

5. Quick-reference sheet and practice case studies (p. 6)

6. Pracfice A-G, 20 MCQs, 6 A-R, answers, summary (p. T4-T%)

MCQs or A-R, a 2 or 3-mark proof (one-one/onto or

% Exam tip: This chapter gives 6-8 marks every year: 1-2

equivalence relation), a 5-mark question with choice, and often

a full 4-mark case study. Every one of them from the 16 papers

is solved on p. #-13.

named in each fag; every answer checked against the CBSE marking schemes.
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1.2 Types of relations %k * CID

Definition N, A relation R from A to B is any subset of A x —Eeumalem‘e—c‘la‘m‘s—

B. Arelation in (or on) a set Ais a subset of A x A. If For an equivalence relation R on X, the equivalence classof ais
(a,b) € Rwewritea Rb. [a] = {z € X : z Ra}. The classes split X into disjoint pieces

whose union is X (a partition): fwo classes are either equal or
P

o Empty relation: R = ¢ (no element related to any). Universal

disjotnt:

relation: R = A x A. Both are called trivial relations.

umber oT relations Trom m elements) 1o 7 elemenTs
— 2™". nymber of relations on A = 2™ (CBSE 2025 65/2/4

C xam :on —b).
Reflexive (2 | 0), symmetric (2 | (@ — b) = 2| (b — a)),

2026 65/5/1). fransitive (@ — ¢ = (@ — b) 4+ (b — c)). [0] = even integers,

[11 AHERATT
LLJ = UUu IIIIDSCI 2.

n Definition ~, ArelationRin Ais Example: on 2 aRh <= n (a.—b) (cnngr& ence mod 1) is

reflexive if (a,a) € R for every a € 4; an equivalence relation with n classes [0], [1], ..., [n — 1] (CBSE

| symmetricif (a,b) € R = (b,a) € R; 2024 65/2/1, 2026 65/1/1, 2026 65/4/77).
|| ftransitive if (a,b), (b,c) € R = (a,c) € R. Exampleron A ={ =4, 1} TRy == T Fyeve
R is an equivalence relation if it is all three. 9] — £ A _9 0 9 A (CBSE 2004 £5/3/4)

| ]

enough to say “not reflexive”.

symmetric add the reverse of every pair; then add pairs forced by

2. Symmetric: take a general (a,b) € Rand show (b,a) € R, transitivity. On {1,2,3} with R = {(1, 2)}: equivalence

— | Workedexampte (NCERT Exampte 3)Ttmes Thaptane, | is congruent / similar to
| InRLy <= I | L. Notreflexive (nolineis perpendicular | ; < ponR

OT givVe one pair whose Teverse s TNISSIT: retafions confaining (1, 2) are
3, Transitive: assume (a, b), (b,c) € Randprove (a,c) € R:  {(1,1),(2,2) (3,3),(1,2) (2 N} and A x A:20ofthem
to disprove, give a specific chain (a, b), (b, c) € R with (NCERT Misc 1).
(a,c) ¢ R. Relation on a set of R S T
X Don't do this: A relation with no chain (a, b), (b, c) at linesftriangles/people -
all is transitive by default (e.q. {(1, 2)}). Check carefully is parallel fo T

before writing "not transitive. is perpendicular to

to itself); symmetric; not transitive (L1 L Lo, Ly L L3 make
a<bonR

| self)isanequivalencerelation (CRSE202445/5/4). | is father of / wife of

Ly || L3). Compare: "is parallel to” (counting a line parallel to

AN I N BN I S N
XX | X |X|KN[IKNL
ARG N N RN I N

is a multiple of (on N)
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1.3 Types of functions kk* + 1.4 Composition and inverse

OTE=0TTE, 5 = = fjectt i =one, o)

I/;\ (3\ | ® ® |/-\ /;\ | ® ®
® b £

Zo/'ﬂ .. 2 2 w b 2 J ®b

’%\/ ° ° ° ° \o/r

X Y X Y X Y X Y

an inverce)
— | Definition . One-one (injective): f(z1) = f(z2) = —C'mmng—csm—ms—wg
-} =1 = x5 (distinct inputs, distinct images). Otherwise many- — Number of Formula |
one- relations A—B 2mn
. _ N L
Onto (surjective): every y in the co-domain is f () for some
—] . i.e. range = co-domain. Otherwise into. — functions A—8 n™ —_—
0 Bijective: both one-one and onto. __| one-one functions (m < n) "P, = (nf—;n), 0if
Provi m>n
bijections (only if m = n) n!
to f i ) 1 (NC iscy
f(x) = 2=2: cross-multiply, —3z; — 2xy = —3xy — :.n tf unctions {1, n} — ol (NCERT Hisc 1)
o itse

21 = 1 = 9.

2. Or show f’(w) >0 (or < 0) +hrou9hou+: a SinC'H.y monotonic 20 there Is no one-one Tunction Trom a Y-element set 70 a 3-

3. To disprove, give fwo different inputs with the same image ( element set to a Y-element set (CBSE 2026 65/5/1).

_ — 2 ap s .
F(=1) = £(1) for ). Composition and inverse
Proving onto For f: A— B.g: B — C: (g0 f)(z) = g(f(z)). I
1. Take any y in the co-domain, solve y = f(x) for z. general g o f # f o g:vith f = cosz, g = 3%, go f =
2. Check that this z lies in the domain (and avoids excluded 3Cos™ T but j 0 g = cos 3T”.
! \ £ . X L VAP T 3 H H H —
vatuesy/: 7 =Z% 1S mvthbl;e-Ff—‘FheFe—rs—g—:—lL—)%wﬁh—g—e—f——

3. Verify f(z) = y. To disprove, find one y with no pre-image Ixand fog = Iy;theng = f~1 fisinvertible < fis
(e.q.y = O for f(z) = 4z + 3on R, CBSE 2024 65/1/1).  bijective. Tofind f~*: write y = f(z), solve for z.

Example (NCERT Ex 13): f(z) =4z + 3, N — Y (Y = range):
|| & Exam tip: For f : A — A with A finite, one-one <= p—1/.N _ y-3
J \I) — 41—

onto. For infinite sets this fails: f(x) = 22 on N is one-one
f( ) Standard results: 22 on R neither: z° on R bijective: ||, [], signum on R

but not onto. neither one-one nor onto; 91; on R* bijective; log, . Rt — R bijective

(roce anne 4o /e fa\
\CB3C ZUZ3 0637977177
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NCERT exercises, fully solved g

JFDgtg,pmj_pg_uhe‘l'hor each relation is reflexive summetric and an equiVGLenCC relaﬁon.
=T " "
transitive: (i) on A = {1,2 14}, R = {(z,y) : 3z — Ans. A book has as many pages as itself; “same number” is
* ) L) g ) .
y= 0} (ionN, R = {(x, y) cy=z+5, < 4} (iii)) on symmetric; it x, y and y, z have the same humber of pages, so

do Ly Fgllli\ln|or\ra relation

{(z,y) :  — yis an integer} (v) on human beings: (a) workat 8.0n A = {1,2,3,4,5} R = {(a,b) : |a — b| even}: show

the same place (b) live in the same Locality (c) x is exactly T cm R is an equivalence relation, elements of {1, 3, 5} are related to
taller than y (d) x is wife of y (e) x is father of y. each other, so are those of {2, 4}, and none of the first set is
|| :notreflexive; (1,3) € R, (3,1) ¢ R: not symmetric; Ans. [a —a| = 0even; |a — bl = |b — al;if |a — bl and
(1,3),(3,9) € Rbut (1,9) ¢ R: not transitive. |b — c| are even, a, b, ¢ have the same parity, so [a — c| is

TG R=1(1,6),(2,7), (3,8) F: nofreflexive (1, 1) € R even. Any two odd numbers differ by an even number, as do two

|| (a,b), (b, c) exists, as no first entry equals a second entry). number. So {1,3,5} and {2, 4} are the two equivalence

(iii) Reflexive (x | @); not symmetric (1 | 2, 2 1 1); fransitive classes.
[ EEyz=are LonA=1{0,1,...,12) showthat ) R = {(a,) : |a —

Y, Yy — 2 € Z = x— z € Z:equivalence relation.

relations; find the elements related to 1.

(V)(a), (b): reflexive, symmetric, transitive. (c) Not reflexive, Ans. (D0 =4-0;la—b| = |b—alia—b= 4k b—

[ 7ot Symmetricrnottransitive 3 -em-totber-tharrgrom c=4l=a—c=4(k +1).Related T % {1, 5,9}. (D

|| taller than z gives x 14 cm taller). (d) Not reflexive, not Eotabitvis-refiexs " Hive_Relat e

symmetric (if 2 is wife of y, ¥ is husband of ), transitive

w 2N les-of reladi i 0 i Gi)
vacuously (wite of y, and y wite of z cannot both hold). (e) @k v}

None_of the three. fransitive only (iii) reflexive and symmetric, not transitive (iv)

) reflexive and transitive, not symmetric (v) symmetric and
= a < is neither reflexive nor

. N transitive, not Teftexive.
symmefric nor fransifive. | Ans 0n {12 3} () {(1,2) (2 1)} () {(1,2)} (i)

| Ans. (3,1) € Rsince 3 > 1: not reflexive. (1,4) € R( {(1,1),(2,2),(3,3), (1,2), (2, 1), (2,3), (3,2)} (¥)

_1—<_16‘)'bu+‘(‘4_1‘)—¢—R‘f471')"mﬁ"5ymme+rrc—
| 3.9).(2.15) e RB<42 <295 bt (315 ¢ R | tb1):(22),(3,3),(1,2)} &)

(3 > 2.25): not fransitive. P AT T AT ’ ' T

b" is an example of (iv).
3.Check R = {(a,b) :b=a+ 1} on{1,.

, 6} M. Points P, Qinaplane, PRQ <= OP = OQ): equivalence
Ans. R =1{(1,2),(2,3),(3,4), 4, 5) (5 6) }- Not relation; the points related to P 7 O form the circle through P
ve-({1-1) ¢ R): not symmetric (2, 1) R):net

reofloyi
TCTCAT

ER)ret-symmetrie {{2;

L Zau with centre 0.
. +rqn5|’r|ve(( 2),(2,3) € R, (1,3) ¢ R). _op. _ — op. —

4. Show that R = {(a,b) : a < b} onRis reflexive and transitive 0Q,0Q = 0S = OP = 0S. The points Q with OQ =

but not symmetric. OP are exactly the circle with centre O, radius OP.
| ArmsTa s arefexive @ < 0,0 ¢ = @ < o fransitive: 12. Triangles, T1 RT> <= T7 ~ T5: equivalence relation.
B i 1(9y %y J), L2(J, 14, » L3V, O,

5. Check R = {(a,b) : a < b3} onR. Ans. Similarity is reflexive, symmetric and transitive. 3 =
Ans. (3,3):3 < g false: not reflexive. (1,2) € R, % = % = 1,50 Ty ~ Ts; Ty is not similar fo ei’rher(% #
(2,1) ¢ R: not symmei‘nc 3,3),(5,8) e RBB < 7). Only T1 and T are related.

Q 27FE 1 E 1 '7")Q\k -I-‘) (1 9\ __ 1 79Q i £oleg. mal
TrOTT R = S TERIEET e = Ahem) T S rEm ey TR T 13, Polygons, PLRP, <> same number of sides: equivalence
| fransitive. relation:elements related tothe trianglewith sides 3,452

6. Show that R = {(1,2),(2,1)} on {1,2, 3} is symmetric but Ans. Equality of the number of sides is reflexive, symmetric,

neither reflexive nor transitive. fransitive. Related to the triangle: all friangles.

AW (1, 1) ¢ Renotrefexive. Both (1, 2); (2, 1) present:
q\,lmmph'ir (179)7(971) c Rh(1+(171) ¢ R:not

transitive.
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14. Lines in the XY-plane, L1 RLy <= L; || Ly: equivalence

~‘ ooy
8.Show f : A X B — B x A, f(a,b) = (b,a) is bijeﬁe%%

relation; lines related To y = 2x + 4¢

Ans. (01,a1) = (b2,a2) = a1 = ag, by = by: one-one.

|| Ainc. Fueryling ts pardllel to Heelf Hon) " boa) e B x Aisflabyonto

is symmetric and transitive. Related lines: all Lines of slope 2,

y=2x+ccé€ER.

Lf: N> N f(n)= ”TH (n.odd) %(T) even). Is f bijective?
Ans. (1) =1 = f(2): not one-one, so not bijective. (It is

75.Ron {1,2,3,4}:

(9 9\

onto: m = f(2m).)

(/1 9\ (9 9\ (1 1\ (4 A\ (1 9\ (9 O\ (A
(N C T TR FAC TRy P TR FAC T FAC P PR CIE D N SR

reflexive, symmetric, not transitive (B) reflexive, transitive, not

= Z=2. 9ne-one and
x—3

0WA=R-—{3}.B=R—{1}. f(x)

)

symmetric © symmetric, fransitive, not reflexive () equivalence.

VITTU ™

S S,I EIE'EI'alS‘(1’3)7E372) Elﬂga /5 OTREFS

| Ans. Al (a, a) present: reflexive. (I,2) € R, (2,1) € R:

give pairs already in R: fransitive. (B).

Ans. One-one: 21=2 — 22=2 — 3 3, — 3x; — 22y +
3
6 =x129 — 39 — 221 + 6 = 1 = 9. Onto:y =

== iy?f defined for y #~ 1, and z # 3 (it would

16.RonN: {(a,b) :a=b—2, b > 6}.(8) (2,4) € R(B)

2025 65/1/1 and 2026 65/4/1 asked exactly this).

(3,8) €« R(C)(6,8) c R(D)(8,7) € R

M. f(z) = z*, R — R: (A) one-one onto (B) many-one onto (C)

[ Ams Needb > 6anda = 0 — 2:(6,8) V- ((2,4) 0=

one-one not onto (D) neither one-one nor onto.

| | 4£6:(3,8):32£6)(C)
Exercise 1.2

Ans. J(1) = J(—1): many-one; 2~ = O: nof onto. (D).

1 Showthat £ R* v R* f(p) — L
J T\ T

is one-one and onto. ls it

1Z-f(x) = 3z, R — R choose the correct answer from the

same npﬁnnq

true if the domain is N (co-domain R*)?

Ans. 3x1 =3z = w1 = T2y = 3 - "Si: one-one onto.

1

1

Ans., L = x% = ¥ = Ty: one-one.Fory € R*, & =

(A).

— P —
7——99*—99@—‘&9—9—2—%@5 - & 5

;j c " and J($) = Y. onTo. WiIth domain N: sTill. one-one, but
14

Miscellaneous Exercise on Chapter |

V7

2. Injectivity and surjectivity of () 2%, N — N (iD 2% Z — Z

1.Show f : R — {z: =1 <z <1}, f(x) = 177 is one-one

1+

(iNz2 R — R 2> N - N\ z* Z — Z. and onto.
Ans. (i) One-one (positive inputs); not onto (2 is not a AnsForT = 0 f(Z) = 1 € [0, 1) forz < 0,
| | INEIRY . s p iy praNy . A Y A W Ffle) — Z_ £ (1 0)So flr) — flrs) forces the
souare)- (if) Notone-one (f{—1) = f{1)) hotonto (=1 has =T St F %y
|| no pre-image). (jii) Not one-one: not onto (—2). (iv) One-one ( same sign; then (5 = 57 = @ = , (similarly for

z3 = 23 = x1 = x2); not onto (2is not a cube). (v) One-

negatives): one-one. Onto: for 0 <y < Lz = 1= > 0;

one; not onto (2 has no integer cube root).

for -1 <y <0,a= 1—@ < 0;ineachcase f(z) = y.

3.Prove f(x) = |z], R — Ris neither one-one nor onto.

|| infeger, 50 0.5 has no pre-image: not onto.

2. Show f(x) = R = Ris injecfive.
3 3 2 2

second factor is positive unless 1 = 2 = 0, so ;1 = x».

4. Show f(x) = |z|, R — R is neither one-one nor onto.

3.0n P(X), ARB <= A C B.lIsRan equivalence relation?

Ans. | — 1| = |1]: not one-one. || > 0, so —1 has no pre-

Ans. Reflexive (A C A) and transitive, but not symmetric:

Image: not onto.

neither one-one nor onto.

@ C X white X 7 @ (X hon-empty). Not an equivatence

relation

Ans. f(1) = f(2) = 1: not one-one. Range {—1,0,1} #

4. Number of onto functions from {1,2, ..., n} to itself.
Ans. On a finite set onfo <> one-one, so these are the

| R (e.g. 2 has no pre-image): not onto.

bijections (arrangements of 1 objects): n!.

tA=11,%,3.B=14,5,6,7F. F =

5. A={-1,0,1,2},. B={-4,-2,0,2}, fz) = a* — &,
1|

|| Ans. Theimages 4,5, 6 of 1, 2, 3 are all different: one-one. (Not

s £(-1) = 2.g(~1) = 3(}) 1 =2 f(0) =0 =

onto, as T has no pre-image.)

9(0); (1) =0=g(1); f(2) =2 = g(2). Same values at

1.G) f(z) =3 — 4z (i) f(z) = 1+ 2% R — R: one-one,

every pointof A: f = g.

— [ onfobfective® ——_____________T.Numberof equivatence retations on { 1, 2, 3} contaiming (1, 2)T

| Awns ()3 —4'7‘1 =8 —4’7‘2

ry =zo;foranyy x =

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

3—29 gives f(x) = y: bijective. (i) f(1) = f(—1): not one-

Ans. {(17 1)3 (27 2)7 (33 3)7 (17 2)3 (27 1)} and A x A.

one; 1 + 22 > 1, 50 0 has no pre-image: not onto.

(8).
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6. A = {1,2,3}: number of relations containing (1, 2), (1, 3) g
which are Teflexive and symmetric but not transriive: (A) T(B) 2
(@34
Ans. Must contain
1 (1,1),(2,2),(3,3),(1,2),(2,1), (1, 3), (3,1); this is
mottransitive {2, 1), {153 but(2,3) ) Adding
| (2,3),(3,2) gives A x A transitive. Only one such relation
(A).
Quick-reference sheet
|| Property | Test To disprove 1 Case study (practice) 1: hostel rooms. A hostel has 4 students T
| Reflexive | (a,a) € Rforala one missing (a,a) | S = {s1,52,53,54}and3rooms R = {r1,ry,r3}. Each |
— Symmefric | (a,b) = (b,a) a pair whose reverse is ] student is given exactly one room. ——
n missing i (i) How many functions are possible from S to R? (ii) Can such s

Transiti (a,b), (b ¢) = (a,c) hain uh dodi an allotment be one-one? Why? (iii) How many onto allotments
| ranstiive 11, 9), 15y ¢ € .GC <.1|n.w ose enapar 1 are possible if room 7; must take two students? (iv) The ——
is missing e v F o L .
_| relation "lives in the same room as” on S: is it an equivalence
One-one | f(z1) = f(ws) = f(p)=fla).p#4q relation?
\

L1 — I3
r D
— Onto solvey = f(z), zin a y with no pre-image  —| Case study (practice) 2: the encoder. A code machine sends ——
. domain _| eachinteger z to f(z) = 5z — 7.

- : ~ | D 1s f: Z — Z one-one? (ii) Is it onto? (iii) For f : R —
—| X Don't do this: Writing "R is reflexive” after checking | R.find 1. (iv) Which integers are codes of some integer?
only the pairs that appear. You must check every element of ~ o

the set.
AN yi

-
L | X Don't do this: Proving onto without checking that the
solved  lies in the domain (e.q. & = % is not in N when y is

odd).
.

J

-
X Don't do this: Forgetting the co-domain: f(z) = z? s

onto [0, 00) but not onto R.
A\
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CBSE board gquestions 2024-2026, fully solved g

Every Relations and Functions question from the 16 papers (sets 65/1/1 to 65/1/1, 2024-2026), quoted in full with complete working.

—M%@W CBSE 2025 - 65/1/) _Assertion (A): let Z be the set of

_each) inteqers. A function f : Z — Z definedas f(x) =
_ _ . 3z —5Vz € Zisabijective. Reason (R): A function is a
P T BETETE AL bijective if it is both surjective and injective. [n

HE-SE-01-aL-ROR-Reganive-rea-Rumo EREES Ans. fisone-one 3z1 — b =322 —5 =21 =

— CBSE 2024 - 65/I/| —Afunctionf

f(z) = 4z + 3 is (A) one-one but not onto (B) onto but . i e
T7) but not onto: f(Z) = Oneeds T = 3 & Z. S0 A

not one-one (C) both one-one and onto (D) neither one-one o i< the defnition-ofa bitech ®)
nor onto ) '

3
— CBSE 2025 - 65/9/I —Forredtratetf{a)—a"+—""—
Ans. 4x; + 3 = 4x9 + 3 = T; = x5: One-one. /i

b =1 Then (A) f is.one-one but not onto on R (B) f is

rorx > U, f(x) = o, so values like U € It are never
onto on R but not one-one (C) £ is one-one and onfo on R

——— CBSE 2024 - 65/2/) —tetf~Ry—1=5;00) bedefined
as f(£) — 9532 6z 5 where R isthesetofgll

41 1 1. AN
TURENT NOT OMTO. R,
(D) f is neither one-one nor onto on R iy

Ans. f'(z) = 3z% + 5 > 0, so f is strictly

increasing, hence one-one. It is a cubic, continuous, with

non-neqative real numbers. Then, f is (A) one-one (B)
< J(x) — Tooas T — L0, so it Takes every real

onto (C) bijective (D) neither one-one nor onto [n . L
2 . yatue:r onto. (<.
Ans. f(z) = (3z +1)° — 6.Forxz > Qitis ‘
strictly increasing (f' = 18z + 6 > 0): one-one. Its CBSE 202“; W T ca s
— n 3£ 00 30 Avraan
values run from f(0) = —5 fo 0o, the whole co- f(n) = { 27 TTEETEE dhen fis (A) injective
I NI PRY Q ifnisodd
aomarn: onTo. (L. |
[ CBSE 2024 - 65/3/I WWMWMHMMQ@MMQM&M@MM
: e surjective nor injective [
R Ans. f(1) = f(3) = 0, so not injective. Every

onto but not one-one (C) both one-one and onto (D) w € Wisanimage: 0 = f(1) andw = f(2w) for

neither one-one nor onto 07 w > 1. 5o f is surjective only. (B).
| Ans. For 21,25 > 0, 22 +1=a2+1=x = CBSE2025 65/s/I Assertion(A):letA={z€c R:
| z2: one-one. Buf f(x) > 1,500, 5 € Ry haveno 1 =% = Tt f A — Atbedefined as f{z) ==

SN —1c Athenz—4/"1¢& A [
[~ CBSE 2024 - 6S5/49/I —Assertion (A): The relation rt — —nen-r 2 Z

. . Ans. 22 > 0, so negative values of the co-domain
—{—fm—y)—'—fﬂz—k@)—ts—a—pﬂme—mﬁnber—&nd—x—y—é—, :

N} is not o reflexive relation R (R): Tt ,l 9 (like —1) have no pre-image: not onto. R shows exactly

is composite for all natural numbers 7. (7| this fory = —1. Both frue, R explains A. (A).

|| Ans. (2,2) ¢ Rbecause 4 is not prime: R is not CBSE 2025 - 65/6/1 Assertion (A): Let f(z) = €” and
reflexive, so A is true. Ris false: forn = 1,2n = 2 g(z) = log x. Then (f + g)z = €” + log  where
| is prime. (C). domain of (f + g) is R. Reason (R): Dom(J + g) =
n JANAY im Y £\ I'[]
CBSE 2024 - 65/s/I Afunction f : R — Rdefinedas — -\ /T TPOHHG):

f(z) = 2> — 4z + 5 is (A) injective but not surjective: ' S V)

—_WWWW@W Dnm(f 4+ g) = (ﬂ m) not R. A is false: R is true
| surjective. (D) neither injective nor surjective 0 | @)

| Ans. f(0) = f(4) = 5: not injective. f(z) =

(z —2)2 4+ 1 > 1, so values below 1 are never taken:

not surjective. (D).
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‘ oley
CBSE 2026 - 65/2/1 ArelationRonset A = {1,2,3}  ¢BSE 2026 - 65/2/1 (a) Check whe’rher f:R— ="
definedas R = {(1,1), (2,2), (1,2)} is (A) Reflexive {3} — R definedas f() = Z= is onto or not. OR (b)
onty (B) Reflexive and Transitive (C) Symmetric and Check whether f 1 Z X Z — A X Z (where Z s the sef
|| Ans Notreflexive: (3 3) ¢ R Not symmetric: not ’ ’ [2]
1 (1,2) € R, (2,1) ¢ R.Transitive: the only chains Ans. (a) y =
| lare(1,1),(1,2) = (1,2) and (1,2),(2,2) — @ Sotisin 1’he co- domam R bu1" no+ in the ranqe
(1,2), bothinR. (D). R — {1}: fisnotonto @

CBSE 2026 - 65/4/1  Assertion (A): A function f : N — OR (b) f(z1,41) = f(z2,92) = (2y1,321) =

N givenby f(z) = ° + 2, Va € N is one-one but not (2y2,322) = y1 = Y2, 1 = T2 - So

onto. Reason (R): Since Vy & IV (Codomain), There does T, Y1) — (T2, Y21

Lol [ ON1/3 . a1 (N AR (RTIR R P , o
NMUT CAIST L — \y - ‘l} TN XPUTNTAdIn Sucint tidt C‘ \Short a”swer (} marks/
Flay—ati2—y o

3 CBSE 2024 - 65/1/1 (a) A relation R on set A =

|| Awns. One-one: 7 = w% = T; = Ty. Not onfo: e.q. . i 5
y = 1needsz = (—1)1/3 = —1¢& N.Atrue.R 11,2,9,4, 0 Isdefined as £ = (@, y) : &% —
I : : 21

Y . P .
/3 7T 8. Checkwhether the retation Risreftexive;

gives the reason (the needed = (y — 2)"/* is not in

- trie-and $eansiive-ORLBY-A Simction_t s defned

N f , such =1,2,4).Sch
or many y, suchas y ,2,4). Scheme answer from R —> Roos f(z) = az + b, such that £(1) — 1

1 (A). (Read literally for ever is Yoo strong, since
Y Y : and f(2) = 3. Find function f(x). Hence, check whether

7T =3 gives x — 7 theschemeucceptsRusthe - -
: i function f(z) is one-one and onto or not. [31

| {1,2 3} definedas R =

Ans. (a) Reflexive: [? —2?| =0 <8V
Symmetric: [2* — y*| = [y — 2| V . Not
fransitive: (L, 2) € R(T—47=3).(2,3) € R(

L CBSE 2026 - 65/5/I —Assertion-{A)-AretationRonthe-set—

{(1,1),(1,2),(2,1),(2,2),(3,3) } is an equivalence

relation. Reason (R): A relation that is reflexive,

[ Ao

symmetric and transitive is an equivalence relation. Py (b) 44b—12%+b—3—>a—=2b——

A
ns. Rcontains (1, 1), (2, 2), (3, d) (reilexive), —9r 1 o One-one: 221 — 1 = 225 —

(2, 1wt 2) 5y ) 1:>:c1 zQOOn#o.foryER,z—yHER

7__ghqm_siqy_s_|_n5;dg(pn(1 2\ (2 1\-&(1 1\\
T gives f(z) =y o
|| fransitive. A true; R is the definition used to venfy it.
(A). CBSE 2025 - 65/2/1 Let R be arelation defined over N,

where N is set of natural numbers, defined as “m Zn if and
B. Very short answer (2 marks o . . e

Y

| CBSE 202S - 65/7/’ _Lﬁjﬁf;._Aj_B_be_dﬁﬂDﬁd_by—g_pgﬂgxwgrsymgwmmm or not. [3]

f(z) =% 3 2, where A=R— {3}and B =R — {1} Ans. Reflexive: m = 1 - m. so mRm for everym

. Discuss the bijectivity of the function. [2] v ) Symmetric: 4R2 (4 = 2 x 2) but 2is nota
Ans. One-one: %1%3 = %j:—% = (21 — 2)(z2 — multiple of 4, so not symmetric X o Transitive:
- [3)=(z2—2)(z1 — 3) = —3z1 — 2z = m =knandn = Ip (k,l € N) give m = (kl)p.
| —3T2 — 271 = T1 = X2 u Onto: for y € b, so mMIp v u I is reflexive and transitive but not

_ 22 3y—2

1
bylHlHBllIL.

| @-So fis abijection.
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¢BSE 2025 - 65/49/l () If f : RT — Ris defined as ¢BSE 2025 - 65/7/1 (a) Show that the function f :="“""

f(z) =log,z(a > 0anda # 1), prove that fisa R — Rdefinedby f(z) = 4z° — 5,Vz € Ris one-

bijection. (R s a set of all positive real numbers.) OR () one and onto. OR (b) Tet R be a relation defined on a set N

= » * Y

AtoB isdefinedas R — {(,,.7 y) Ty = 67 xr c xy is a square of anatural nnrnhm‘7 o T = N}
A, y € B}. (i) Write all elements of R. (ii) IsR a Determine if the relation R is an equivalence relation. (37
function? Justify. (iii) Determine domain and range of R..3J Ans. (a) One-one: 423 — 5 = 425 — 5 = 23 =
Ans. (a) One-one: f(z1) = f(z2) = log, z1 = T3 =z =y @ Onto:fory € Rz =
B log, 3 = x1 = z2 (@ Onto: forany y € R, (%5)l = Rand f(z) = 4- yTJ“” -5=y @
T =a’ € B and f(z) = log, ¥ = y (@ Hence OR (b) Reflexive: - z = z* V . Symmetric:
— s abijection: TY = yZ, 50 (Z,Y) € R (U, ) € RV .
R 1+5—6214—6(3+ 3falsas— Fronsi 2 2 2
' TTUroSriive. .,by—u ,y — U eby ===
1 3¢ B):R=1{(1,5),(2,4)} (-(ii) Not a function . .
a TZ = ; TZ

from AtoB:3 € A hasno image . (iii) Domain = v

{1 2}, range = {4,5} @

—wmmm%ﬂmmﬁnmmw
: et @~ ol
_relation @

CBSE 2025 - 65/6/I (a) A student wants to pair up

natural numbers in such a way that they satisfy the

—Wﬁw?m—y—_znm—yﬁﬁ—d‘fmm— CBSE 2026 - 65/4/! —@@M—R—@}—Gﬂdﬁ—

reflexive symmefric and transitive. Hence, state whether it Fmd whe1'her f is one-one and onto. OR (b) Let 7 be a

is an equivalence relation or not. OR (b) Show that the ﬁxed positive integer. A relation R is defined in set Z such
function f : N — N, where N is a set of natural that R = {(z,y) : (z —
Jn — 1. ifniseven y) 1s divisible by n, x,y < A}. Determine it K'is an
numbers, given by f(n) = : isa equivalence relation. 2]
- ! ln—i—l, if n is odd b
S ron | Ans. () One-one: w12:m22:>_2'r _
bijection. 137 -3 293
- 4 _ 2x0 = —3x0 — 221 = 21 = xo (). Onto: for
3 - 7&133—33’26A(|+|snever3)andf(w)—y
|| {1,2,...,20} range={1,3,5,...,39} @.Not | @ S0 f is one-one and onto.
reflexive: (1,1) ¢ R (2 + 1 # 41). Not symmetric: OR (b) Reflexive: z —z = 0 = n - 0 . Symmetric:
(1,39) € Rbut (39,1) ¢ R. Not transitive: T —y=nk=y—z=n(-Fk) @ Transifive:
] (11,19), (19 3) € Rbut (11,3) ¢ R(22 + T—Y=NRY—Z=MmM=T—Z="TKT1)

| 3F 41) @ SoKs not an equivalence relation —Risenequivalencerelation——————————————————

—9R—€b9—9-ne—one—r+—11—7‘z—c|re-boﬂreven-or-bo+h-odd— CBSE 2024 - 65/3/] —ArelationRonset A= —
— — NS edas R =

even, f(n1) =mni + lisevenand f(n2) =ns — 1 {(z,y) : £ + y is an integer divisible by 2}. Show

is odd, so they cannot be equal , Onto: an odd m &  that Ris an equivalence relation. Also, write the

Nis f(m + 1) (m + 1 even); aneven m is equivalence class [2]. [5]
| f(m—1)(m — 1> 1odd) @ Hence fisa Ans. Reflexive: z + = 2z iseven vV .
| bijecfion. Symmetric: T + yeven — § + T even v o

(;z:;l:y];‘:(y:‘: z)—2yeyen>z e SaoRisan

equivalence relation. 2] = {y € A:2 4

yeven} = {—4,-2,0,2,4} @
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D. Long answer (S marks)

CBSE 2026 - 65/1/1 (a) A relation R is defined on Z-Fhe? "

| ¢BSE 2024 - 65/2/1 _(a) Show that a function f : R —

set of integers, as R = {(z,y) : [z —

hY

R defined by f(x) =
Further, find set A so that the given function f : R — A

y[is divisible by a prime number p, Z,y € Z };

becomes an onto function. OR (b) A relation R is defined on

function £ - R — {3V v B I3\ icdefinedas
4 CoJ CoJ

f s f(z) = ?’—;Jjg. Show that f is one-one and onfto. [s]
— ] where g set of natural humbers) as:

I Y _

[s]

pnluivnlpnrp relation

Ans. (a) Reflexive: [ —z| =0=p -0V .
ly — x| v @ Transitive:

Symmetric: |z — y| =

|| Ans. (a) £(2) = 5 = f(5) with2 # 3: not one-

zr—y=pky—z=pl=z—2z=plk+1),

one @@y = 1%2 = yz? -2z +y =0;red =

divisible by p v - R is an equivalence relation (@
3142 3xo+2

needs4 — 4y®> > 0,ie. —1 <y <1 © Soeg

UI\ \U} UHG UTie? 5w1 3 — 5:[32 3 —7 .LUublubZ

2 € R has no pre-image: not onto. With A = [—1, 1] A
— TR Ao @ 6 = 1921 = 19z @@ Onto:y = 225 = 2 =
. - ' M ,definedas y # ¢ 3and * : 3 (that would need
__°§\,lmmp+rir-n—r':h—ﬂ c—a=d—»5 10__9)1-henf _y

so (c,d)R(a,b) . Transitive:a —c=b—d

CBSE 2026 - 65/3/I Show that f : R — R defined as

andc —e =d — f;addinga —e =b — f,s0

f(z) = \/ﬁ is one-one but not onto. Ay

(a,b)R(e, f) @ Hence R is an equivalence relation Ans. One-one: if f(:z:l) = f(@2), then z1, z2 have
BN ;) ’rhesamemgnand Trs? :1—$2—2:>w%:a:§ 50
CBSE 2024 - 65/4/| (a)Let A= R — {5} and B = T1 = To (ALso f = )3/2 > 0.) Not

" — {l} Consider The tunction j : A — b, defined by

1+ Vita?
, (m) o5 Snow that 7 s one=ome and onto- OR ) has no pre-image (xz =

defined by S = {(a, b) : wherea — b+

onto: | f(z)| = == <1foraLL:c soeg.y =1

—~Z— needs [y| < 1); range
—y’

—-,) 2R @

V/2 is an irrational number} is reflexive, symmetric

or transitive. 5]

| Awns. (a) One-one: EU= =

—5 To2— (ml
3)(T2 —90) =

(5[32 — d)(l‘l —9) = —oT] —

=- —5.1,2 —3x7 PYA-Onto: y—

_ S5y-3

T TT — X9

8 O
w

defined for ¢y =~ 1 and never equal
, requ

8
(&)

y—1

OR (b) Reflexive: @ — a + /2 = /2 irrational v/

0 Not symmetric: (v/2,0) € S (24/2) but

(0,v2) ¢ S (0) @. Not transitive: (v/2,1) € S (

2v2-1),(1,2v2) € S(1 — v/2), but

—— TS
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E. Case studies (4 marks) CBSE 2025 - 65/1/1, @37 (case, 4 marks): A class-

4 Y | room teacher is keen to assess the learning of her
— CBSE 2024 - 65/5/1, Q36 (case, 4 marks): Students of a | ., ———
hool. taken + 0 fol bout students the concept of “relations 1'qu9h‘r to them. She
| school are taken to a railway museum to learn abou | | I

Y writes the following five relations each defined on the

museum depicted many rail Lines on the track near the LS (l 2Dl i = {(E’ 3),(3:2)} By =
| railway station. Let L be the set of all rail lines on the | | }8’ Z;’ El 3; g) iﬁ ];i B e
railway track and R be the relation on L defined by B T —
| R={(l1,1,) : Iy is parallel to I, }. 1 {(1,1),(1,2),(3,3),(2,2)} Bs = -
1 (i) Find whether the relation R is symmetric or not. [1] |- 1(1,1),(1,2),(3,3),(2,2), I
(2,1),(2,3), (3,2)}.

(i) Identify the relation which is reflexive, transitive

railways heritage and its history. An exhibit in the

Ans. If Iy || I2 thenlp || I1: symmetric.

i) Find whether the relation R is transitive or not. [1
- (i1) Find whether the relation R is transitive or not. [1] —{ but not symmetric. [1] Ans. Ry: it contains

Ans. £ 11 || Lo andlz | I3 then Iy || Zs: transitive.
ns. IfL || fp andly || s then b || s: fransitive. 1 |y gy o o) g 9 0 9) € Ry bt (2,1) ¢ Ry |

(iii)(a) If one of the rail Lines on the railway track is . .
—| represented by the equation y = 3z + 2, then find | 5y dlielly st (L ), (2 2) g (1L 2l) € s

1 the set of rail lines in R related to it. [2] Ans. All lines | ° I
with the same slope 3: {y = 3z + ¢ : ¢ € R} (ii) Identify the relation which is reflexive and

OR (iii)(b) Let S be ’rh'e relation deﬁned.by g ' symmetric but not fransitive. [1] Ans. Rs: reflexive
(o) 5 B, T e Rennlbse o oy s —| and symmeftric, but (1, 2),(2,3) € Rj while —

| whether the relation S is symmetric and transitive. [2] - (1,3) ¢ Bs.

Ans. Symmetric: Iy L I = Ip L . Not transitive: [ (iii)(a) Identify the relations which are symmetricbut |
neither reflexive nor fransitive. [2] Ans. R; (not

— 11 L lzandly L I3 make Iy || I3, not dicular. [
|t - ety L g || I3, not perpendicular J | reflexive: (1,1) ¢ Ry; (2,3),(3,2) but (2,2) ¢

Ry)and R3 ((2,2) ¢ R3; (2,1),(1,2) but
(2,2) ¢ R3). —
OR (iii)(b) What pairs should be added to the relation ~ [——
Rj to make it an equivalence relation? [2] Ans. I
Reflexive: add (1, 1), (2, 2), (3, 3); symmetric: add
(2,1),(3,1),(2,3). The resultis A x A, whichis
transitive. Pairs fo add:
\(1’ 1),(2,2),(3,3),(2,1),(3,1),(2, 3).
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CBSE 2025 - 65/2/4, Q36 (case, 4 marks): A school is
organizing a debate competition with participants as
speakers S = {1, S2, 53, S4} and these are judged
by judges J = {Ji, Ja, J3 }. Each speaker can be
assigned one judge. Let R be a relation from set S to J
definedas R = {(z,y) :

speaker z is judged by judgey, € S, y €
J}.

(i) How many relations can be there from S to J? [1]
Ans.n(S x J) =4 x 3 = 12, so the number of
relations = 212 = 4096.

(ii) A student identifies a function from Sto Jas f =
1081, J1), (S2, J2), (S3, J2), (S4, J3)}- Check if
it is bijective. [1] Ans. f(S3) = f(S3) = Ja. 50 fis
not one-one (though it is onto). Not bijective.

(iii)(a) How many one-one functions can be there from
set S to set J? [2] Ans. A one-one function needs 4
different images, but J has only 3 elements. Number of
one-one functions = 0.

OR (jii)(b) Another student considers a relation R =
{(S1, S2), (S2,S4) } in set S. Write minimum
ordered pairs to be included in R; so that R, is
reflexive but not symmeftric. [2] Ans. Add

(Sl, 51), (52, 52), (53, 53), (54, 54) Then Rj is
reflexive, and since (S1, S2) € Ry but (S2, S1) ¢
R; itis not symmeftric.

N

7

\.

| | CBSE 2025 - 65/5/1, Q3% (case, 4 marks): Let A be the

set of 30 students of class XIl in a school. Let f :

A — N, Nis a set of natural numbers such that
function f(z) = Roll Number of student z.

(i) Is f abijective function? [1] Ans. No.

(ii) Give reasons fo support your answer to (i). [1] Ans.
Different students have different roll numbers, so f is
one-one; but the range is {1,2,...,30} # N (co-
domain), so f is not onto, hence not bijective.

(iii)(a) Let R be a relation defined by the teacher to plan
the seating arrangement of students in pairs, where
R = {(z,y) : x,y are Roll Numbers of students
such that y = 3z }. List the elements of R. Is the
relation R reflexive, symmetric and fransitive? Justify
your answer. [2] Ans. R =

{(1,3), 2,6), (3,9), (4,12), (5, 15),

(6,18), (7, 21), (8, 24), (9, 27), (10, 30)}. Not
reflexive: (1,1) ¢ R. Not symmetric: (1,3) € R
but (3,1) & R. Not transitive: (1,3),(3,9) € R
but (1,9) ¢ R.

OR (jii)(b) Let R be a relation defined by R =

{(z,y) : x,y are Roll Numbers of students such that
y = x3}. List the elements of R. Is R a function?
Justify your answer. [2] Ans. R =

{(1,1),(2,8), (3,27)}. Not a function on the set of
roll numbers: the elements 4, 5, . .., 30 have no
image.
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CBSE 2026 - 65/5/1, Q36 (case, 4 marks): 7 students
out of 80 are selected for a ‘Sustainability’ project and

are categorized info two sets: girl students A=
{G1, G2, G3, G4}, boy students B =
B {Bl’ B, B3}

——————{ (i) How many relations are possible from Set A — Set
|| 8?[1]Ans.n(A x B) = 12,50 2!2 = 4096
relations.

(i) Let R be a relation from A — B such that R =
{(Gh Bl)a (G27 32)7 (G37 BQ)’

(G4, B3), (G1, B2)}. Is R an injective function?
Justify your answer. [1] Ans. No. It is not even a
—+ function: G1 has two images, Bj and Bs.

(iii)(a) Let the relation R from A — A be such that

R ={(z,y): z,y € A, xandy are students

from the same colony in the city}. Verify if R is an

equivalence relation. [2] Ans. Reflexive: every sfudent

is from the same colony as herself. Symmetric: if =

— and y are from the same colony, so are y and z.
__| Transitive: if z, y and y, z share a colony, then = and

z share it. So R is an equivalence relation.

OR (iii)(b) Verify if any function f : B — A'is
bijective. Give reason to support your answer. [2] Ans.
No. B has 3 elements and A has 4, so at most 3

| elements of A can be images: no function from B to A

—{ is onto, hence none is bijective.

\ J
What the board asked (16 papers, 2024—-
2028)

Type 2024 | 202S | 2026 | Total

|| MCQs and Assertion-Reason | 5 5 3 13

— (1mark each)

— Very short answer (2 marks) | 0 1 1 2

| Short answer (3 marks) 1 Y 1

L Long answer (5 marks) 3 0 2 5

|| Case studies (4 marks) 1 3 1 5
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Practice set: test yourself exam-style

Try every question before looking at the answers on page 1%. 64 or more out of 80 means you are ready for the board.

2. "Is perpendicular 10" on lines is symmetric
L L) 7

2. A relation that is reflexive, symmetric and fransitive is 3. Every one-one function from a finite set to itself is

an relation. onto.

3. f(z) =z’ onRis ______ (one-one/many-one). 4, f(x) = x? is one-one on [0, 0o).
4. The number of bijections from {1, 2, 3,4} foitselfis  5.{(1,2)} on {1, 2} is transifive.

______ . 6. Number of Tunctions from a Z-element set 7o a 3-

—S5F+X— Y isontofrange=———— - etementsetisS:
6.0nZ aRb «— § ! (n = h) has T Tuwo pnluivnlpnrp classes are ejther Pnlunl or disjoint
equivalence classes. 8. f(z) =sinz, R — Risonto.
}. f(z) = || onRis ______ (onto / not onto).

8.1f f(z) =2z + 3, then fl(x) = ______ .

C. Very short answer () mark each)

1 Define a qymmp+rir relation 2. Give an P)mmlnlp of a relation that is transitive nnl\,/

. FIn ora a — on go ey L4.0s ) =& . onto¢

5. How many one-one functions from a 2-set to a t-set? 6. If f(z) = z?, g(z) =z + 1,find g o £(2).

1. Write the range of the signum function. 8. When is a function invertible?

D. Short answer T (2 marks each)

1. Show that f(z) = 7z — 2, R — R is bijective.
2. Check whether R = {(a,b) : a — b1s odd} on Zis fransitive.

AN

TIN = IV, f{z) =T+ 3Tsnotonto.

L-Timd =l HUP P | £ RL . 9| ( I\ o L1 =~
= TN Uw BHUIVULUHLG CLUSOCoO VT It ~~——~F J | \U/ - U} Ut 11_, P) II.
v I 7

5. Showthat f{@) === & - —1 isone-one.
6 Findgo fand fogfor f() = || g(a) = |5y — 2|

. Give a relation on {1, 2, 3} that is reflexive and symmetric but not transitive.
8.1s f: Z — Z, f(x) = 2x onto? Justify.

— Hy score (fil in after checking the answers) —

— | Section A/8 B/8 Cc/10 D /16 E /18 F/20 G (bonus) Total /80 e
— | My marks ——

Rough work
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E. Short answer 1T (3 marks each)

wjwy

1. Show that R = {(a, b) : a + b even} on Z is an equivalence relation; write [0].

2. Showthat f: R —{2F - R—{1}. f(z) =

is a bijection.

3On IV X N (@, b)R(c, d) @ T d — b T C: prove Ris an equivatence retafion.

|I ShC ool £/ .\ L. D N » 3 sl o
. LLLC LI ) \:b) — 2132+1’ Iv LU 1o el Une=urne 1ivTr Urnv.

6.Showthat f: N — N f('n) =n+ 1 (nodd). n — 1 (neven) isbije

——F—EO”Q—G”S—WG’—Q—M&F‘G‘—GG. \ 244

ive? Give an pynmplp

2. Why is every strictly increasing function one-one?

3.1f f o g is one-one, must g be one-one?

4. How many reflexive relations are there on a set of 3 elements?

Free sam
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20 MCQs s
1. Number of relations on {1 , 9} 1 f(’)”) =2 R R
(@) 4(b)8(c)16(d) 2 (a) many-one (b) into (c) bijective (d) not a function
2.{(1,1),(2,2)}on {1,2,3} is R flz)=3z—4 f1(z) =
(a) symmetric and transitive (b) reflexive (c) an (@22 (b)3z+4@) T2 (d)4— 3z
equivalence (d) universal Bago flz)for f—az+1q—
3. f(®) =2z, N = Nis (@ +10) (z+ 1% z*+2d) 22
(Q)Jron’ro (b) many-one (c) bijective (d) one-one, not - (] onRis
onte (a) onto (b) one-one (c) neither one-one nor onto (d)
4 f(z) =2°, R — Ris bijective

O U PRI O RN G LG 15. An onto function from {1, 2, 3} to itself is always

(a) constant (b) identity (c) many-one (d) one-one

Lee L
UIJCLIIVC

5. Bijections on a 3-element sef
(3 (b)Y £ ()a(d) 23
AV’ AN\ par=m)

VACAYZA AN 7AL

16. Equivalence relations on {1, 2, 3} containing (1, 2)
(@)2(})1(c)3(d)u

1 perpendicutar toomtimesTs -
i fo T ALY, @ Die L2

o7

(a) symmeftric (b) fransitive (c) reflexive (d)
symmetric only

equivaterce
T aRb <= a < bonRisnot

B f(z)=10g, 2. (0,0) — R

(a) symmetric (b) reflexive (c) transitive (d) a relation () o ) () (&) birech

8. Equivalence classes of aRb <= 2 | (a —b)onZ
(a) 1(b) 3 (c) 2 (d) infinitely many

9. Number of functions from {1, 2, 3} to {a, b}

AQ—D- Y AN
i Range of Az =
[
\

(N 1 11
\4a) l—.L, J.J

N

(o (1 11\ A e W |
/R (—1, 1)L/ U, L

20 Retations from a 2-set To a 3-set
(Q) 2 (b) J (C) 1 (d) 8 (ALY ( £, (A)a
U770 \v77 0 X7 UT U771

10. One-one functions from a 4-set to a 3-set

(a) 24 (b) 0 (c) 12 (d) 81
1(c)-2C@) -3 -4 -SW -6 70 -3 -9 -10W - N 120 130 -4
151 (@)~ 17 @~ 18 (1) —20()

—Assertion—Reason (6)

(a) Both frue, R explains A. (b) Both true, R does not explain A. (c) A true, R false. (d) A false, R true.
1. A: f(z) = 2%, R — Ris not one-one.R: f(—2) = £(2).
2.A:(1,1),(2,2),(3,3) on 1,2, 3 is an equivalence relation. R: every equivalence relation is reflexive.

2 A £/ N r D - e 1. o T FaWio "
J.r\.‘[\.b}—c,R_7R|>HUIUIHU.R.C U T0r aw-.r.

4. A: There are 8 relations on {1, 2} that are reflexive. R: reflexive relations on an n-set number 2"2’".

5.A: f : N — N, f(x) = z? is one-one. R: the square of a natural number is a natural number.

6. A: Every bijection has an inverse. R: a function is invertible if and only if it is one-one and onto.

Iv3 r 7\ a /1) a 7 3 s /)Y /1LY s 7/ 3
Keyrt(a)~2 /3@~ @S w6
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Answers to the practice set o
A.1.2° = 512 2. equivalence 3. one-one 4. 24 5. co-domain 6.5 %, F. 1(a) reflexive (1/3); not symmetric: (1/3, 0) gives 24/3,
not onto 8. £-2 (0, v/3) gives 0; not transitive: (1v/3,1), (1,24/3) € R,
B.1LF2.T3. T4 TS5 T6.F(3)7.T8.F(range [-1,1]) (V3,2v3) & R () bijective; () = 25+ 2(a) ;005 =

T2 £=1/

[ 1] \
C.1(a,b) € K= (b,a) € £2.1(1,2)yon1,2;3. 15,7 =z+2 IR A 5 IR 2 =T

9. 26 = 64 10. no distinct inputs give distinct outputs 3. yes: g(z1) = g(z2) =

D47, —2=Txy —2=>2; =29, = %2 2. not flg(z1)) = fg(z2)) = x1 = 22 4.2 = 64

Transitive: (1, 2),(2,3) € B, I — 3 = —Zeven3. j(z) > 4, Cases. T: (1) 3° = 8L (W) no: b sfudents, 3 rooms (1) choose 2 Tor
0 have-ho-pre-image-4- 4 6 .4 =6 i 0 i i

yes (i) no: f(z) = 0 needs = = I (i) f'(z) = & (iv)

04 Gve 7 U= ”
o = B = gy =ggb.gof=|5z| —2|. fog= :

|5z — 2| *. integers = 3 (mod 5),ie....,—2,3,8,...

(5 1),(2,2),(3,3), (1, 2), (2, 1), (2,37, (35 2) F 8- 1os odd

numbers are not images

E.1. a + aeven; symmetric;a + ¢ = (a +b) + (b+ c) — 2b;

[0] = even infegers 2. as Ex 1.2 Q10; inverse & = %J_Lll 3.a-+

b=bt+a,at+d=b+c=c+b=d+a;adda+d =

Leoaded f—dloal £ —h 1ol £(9)\— £(1) __
—E-ana L &€& T =7 757

Gt

|£(x)| < % s01is not attained 5. A x A 6. as NCERT Example

Last-night sumwmary

o Relation on A = subset of A x A; 2" relations; empty and universal relations are trivial.
e Reflexive (every (a, a)), symmetric ((a, b) = (b, a)), transitive ((a, b), (b, c) = (a, c)); all three = equivalence; classes
- partition the sef. EE
e One-one: f(z1) = f(x2) = ®1 = @3 (or strictly monotonic); onto: solve y = f () inside the domain; bijective = both
<= invertible.
—, ® Countingm — n: functions n™, one-one " P, bijections n! if m = n; relations 2",
e go f(z) = g(f(z)). not commutative; f~1: solve y = f(z) for z. .
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