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SECTION-A
I. Answer ALL the following VSAQ: 10 x 2 =20
1. IfA={-2,-1,0,1,2} and f:A—B is a surjection defined by f(x)=x2+x+1 then find B.
2
2. Find the domain of 2% ~5+7 3. If A= F 2 3} B= [3 2 1} , find 3B2A.
0 2 1 X-D(x-2)(x-3) 321 123
4. If|-2 0 -2|is a skew symmetric matrix then find the value of x.
-1 x O —
5. Let a=2i+4j =5k, b=i+j+k, c=j+2k . Find the unit vector in the opposite direction of a+b+T.
6.  Find the vector equation of the line passing through the point 2i+j+3k and parallel to the vector
4i —2j +3k.
7. For what values of | the vectors i — L] + 2k, 8i + 6] —k are at right angles.
8.  Findthe period of f(x):cos(d'x—;g) . 9.Find the maximum and minimum values of f(x)=3cosx+4sinx.
10. If sinh x = 3 then show that x = log (3+./10).
SECTION-B
II. Answer any FIVE of the following SAQs: 5x4=20
1 1 3
1. IfA=|5 2 6| thenfindA3.
-2 -1 -3
12. LetA,B,C and D be four points with position vectors a+2b, 2a — b,3,3a+brespectively.
Express the vectors AC,DA,BA and BC interms of @ and b.
13. Find the volume of the tetrahedron, whose vertices are (1,2,1), (3,2,5), (2,-1,0) and (-1,0,1).
T 3n Sn n
14. Prove that coszg + coszg +cos® 37 cos® 5 =2 15 Solve 7sin?6+3cos?0=4.
16. Prove that sint3+sint 2 - cos1 3 17. Prove that cot2 +cotB 4ot E = i
5 17 85 2 2 2 A
SECTION-C
IT1. Answer any FIVE of the following LAQs: 5x7=35§
18. If fA—B, g:B—C are two bijective functions then prove that (goD'1=f 'log'1
. . . . n(n+1)(n+2)(n+3)
19. Using mathematical induction, prove that 1.2.3+2.3.4+3.4.5+....n ter mev eN
at+tb+2c a b
20. Show that c b+c+2a b =2(@+b+ c)3
c a c+a+2b
21. By using Cramer'srule x—y +3z=5,4x+2y—-z=0,—x+3y+z=5
22. Ifa=7i-2j+3k,b=2i+8k and c=i+j+k, then compute axb,axt and ax(b+c). Verify
whether cross product is distributive over vector addition. A B C
23. If A, B, C are angles in a triangle then prove that cosA+cosB+cosC=1+ 4SinESinESi n>.
24. Ina AABC if a=13, b=14, c=15 then show that R = % r=4,n= %1 r,=12,r; =14
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SECTION-A

1. IfA={-2,-1,0,1,2} and f:A—B is a surjection defined by f(x)=x2+x+1 then find B.
A: GivenA={-2,-1,0,1,2} and

fx)=x2+x+1

o f(=2)=(-2)22+1=4-2+1=3;

f=1)=(-1)2-1+1=1;

f(0)=02+0+1=1;

f(1)=12+1+1=3;

f(2)=22+2+1=7

- B=f(A)={3,1,1,3,7}={3,1,7} [-- For a surjection, Range f(A)= Codomain B]

2x% —Bx +7
xX-1)(x-2)(x—3)

2. Find the domain of the real function

X2 -5x+7
Let i) = o T x - 2(x-3)

Here f(x) is not defined when (X -D)(x-2)(x-3)=0=>x=12,3
~.domain of f isR-{1,2,3}

3. lfA:F 2 3} and B:F 2 1},ﬁnd3B—2A
321 12 3
321 12 3
: Given B= JA =
A: Given L 5 3},A [3 ) J

321 12 3]_|9 6 3 |2 46

[9-2 6-4 3-6] [7 2 -3
"|3-6 6-4 9-2| |3 2 7
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0 2 1
4. Define a Skew Symmetric Matrix. If | -2 0 -2|is a skew symmetric matrix then find
-1 x 0

the value of x.

A: Skew Symmetric Matrix: A square Matrix A is said to be a Skew Symmetric Matrix if A= AT

0 2 1 0 2 -1] [0 2 1
GivenA=|—2 0 —2| =-AT=—-[2 0 x|=/-2 0 —x
1 x 0 1 2 0| |-12 o0

Now A=—-AT =x=2  [On equating the 2 x 3 elements]

5. Let a=2+4j—5,b=i+]j+k c=]+2. Find the unit vector in the opposite direction of

A:  Given a=2i+4j -5k, b=i+j+k, T=07+j+2k , then
a+b+C =i +4]-5k)+(i + j +K)+(0i + j +2Kk)
=3i +6j -2k
—|a+b+Cl3P +6%+(-2)2 =9+36+4=449=7

~(@+b+T) (37 +6]-2k)

.. Opposite Unit vector = |€1+5+E| = 7

6. Find the vector equation of the line passing through the point 2 +j+3k and parallel
to the vector 4i-2j +3k.
A: Given point A(a) = 2i + ] + 3k and parallel vector b=4i — 2j+3k
Vector equation of the lineis T=a+ th, teR
L T=(2i + j+3K)+t(4i —2j+3k),teR.
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7. For what values of A the vectors i —)j +2k,8i +6] —k are at right angles.
A: Leta=i-1j+2k b=8i+6j—-k

If 3, b are at right angle then 3p =0

= -2j+2k).81 +6]-k)=0=>8-6L-2=0=6L=6=Ar=1
8. Find the period of f(x)= cos( s gj
A: Given f(x)=cos[ 4x+9 j —ood A2

5 5 5
2n
Period of cos(kx +1)= m
Period:E:&:S—TE
4 A 2
5

9. Find the maximum and minimum values of f(x)=3cosx+4sinx
A: Given function is 3cosx+4sinx

On comparing with acosx+tbsinx+c, we get a=3, b=4, c=0

Now, \/a2+b2=\/32+42 =“9+16:‘/%:5

.. Maximum value =C++ a?+b? = 0+5=5

Minimum value =Cc—+/ a’+b% =0-5=-5
10. Ifsinhx=3 then show that x =loge(3++/10)
A: We know, Sinh~Ix = Ioge(x +x? +1)

Given sinhx=3, then x=Sinh~1(3)=10ge(3+ V3% +1)

=10go(3++/9+1) = loge(3++/10)

~.x=loge(3+ \/1_0) . Hence proved
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AC= OC-0A =a-(a+2b)=-2b
DA =OA — OD=(a+2b) — (3a+b)= - 2a+b
BA= OA - OB= (a+2b) - (2a-b)=3b-1a

BC= OC-0OB=a-(2a-b)=b-3a

—_
SECTION-B
1 1 3
11. If A=| 5 2 6 | then find A3.
-2 -1 -3
1 1 3|1 1 3
A: A2-AxA=|5 2 6|5 2 6
-2 -1 -3)|-2 -1 -3
1+5-6 1+2-3 3+6-9 0O 0 O
=/5+10-12 5+4-6 15+12-18|={3 3 9
-2-5+6 -2-2+3 -6-6+9 -1 -1 -3
0O 0 o1 1 3
A3=A2xA=|3 3 9|5 2 6
-1 -1 -3||-2 -1 -3
0+0+0 0+0+0 0+0+0 0 0O
=|3+15-18 3+6-9 9+18-27| =|0 0 O
-1-5+6 -1-2+3 -3-6+9 0 0O
Here A3=0. So, A is a Nilpotent matrix of index 3.
12. Let A,B,C and D be four points with position vectors 3+2b,2a—b,a and 3a+b
respectively. Express the vectors AC DA,BA and BCinterms of @ and b.
A: P.V's of A,B,C,D w.r.t O are QA= a+2b> OB=2a-b>OC=aand OD

D=3a+b- Then
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13.

Ly
Find the volume of the tetrahedron, whose vertices are (1,2,1), (3,2,5), (2-1,0) and (-1,0,1).

Let OA=i+2j+k OB=3i+2]+5k, OC=2i—],0OD=—i+k. Then
AB=0B-0A =(3i +2] +5k)— (i +2j +k) =27 + 4k
AC=0C-OA=(2i-))-(i+2]+K)=1-3]-k
AD=0D-0OA=(-i +K)- (i +2j +k)=—-2i - 2]

2 0 4

1

-3 -1 =[2(0-2)+4(-2-6)]=— 4 —32=-36
—2 -2 0

. Volume of the tetrahedron — 1 | -36 |= 6 cubic unit
6

14.

3 2 5w 7
Prove that coszg +00s? ?ﬂ +cos? 5 2ot E=2

G.E=coszE+cosz(4n_nj+cosz(4n+n]+cosz(8n_nj
8 8 8 8
=c032£+m52(£_£j+oosz(ﬁ+£j+oosz(n_ﬁj
8 2 8 2 8 8

T . T g I T
=0032§+sm2§+sm2—+cosz—

. L.HS= (cos —+S|n2 J (sin22+coszﬁJ=1+1:2=R.H.S
8 8 8 8

15.

Solve 7sin20+3cos20=4

Given equation is 7sin20 + 3cos?0 =4 = 7sin?0 + 3(1-sin%0) = 4 = 7sin?0 + 3 — 3sin%0 = 4
= 4sin20 = 1 = sin20 = (1/2)? = sin%(1/6)

Here Principal value is o = /6

. . T
..General solutionis @=nr+—=,ne”Z
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16. Prove that Sin_1§+8in

A: Take Sin_1§=(x and Sin_1§=|3
5 17

Required To Prove (RTP):a+B= Cos‘lg = cos(a+P) = 36

85
Sin'1§:m:>sinm=§:>cos<x:ﬂ
5 5 5

. 18 ) 8 15
sinlZ —p=snp=— = cosp="—o
17 b b 17 b 17

cos(oc+[3):cosacosB—sinocsinﬁzfxE_i(E: 60-24 36

517 5 17 8 85

Hence proved.

2

17. Prove that cot A + cot E + cotE =35
2 2 2 A

A: L.H.S= coté+cotE+cotE
. . . - 2 2 2

_S(s-2) N S(s—Db) N S(s-€) s(s—a)+s(s—b)+s(s—c)
A A A A

_d(s—a)+(s-b)+(s-0)]
A

_g3s-(a+b+c)] _g3s-25 g9 &
- A A A

=R.H.S
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SECTION-C
18. If f:A—B, g:B—>C are two bijective functions then prove that (goi)_1=f _log_1

% BABY BULLET-Q TS-IPE 2023 SOLVED PAPER

A:  Part-1: Given that :A—B, g:B—C are two bijective functions, then

(i) gof:A—C is bijection = (gof)_1 :C—A is also a bijection

(i) f ~1.B>A, g_1 :C—B are both bijections = (f~ 1og_l): C—A is also a bijection.

So, (gof)_1 and f~ 1og_l, both have same domain ‘C’

Part—2: Given f:A—B is bijection, then f(a)=b—>a=f" 1(b) ........ (1), [ Here acA, beB]

g:B—C is bijection, then g(b)=c:>b=g_1(c) ........ (2), [ Here beB, ceC]
gof:A—C is bijection, then gof(a)=c = a= (gof)‘l(c) ......... 3)

Now, (flog™) (c)=f"1[g"l(c)]=F ~l(b)=a ......... (4), [From (1) & (2)]
~(goD1(e)=(fTog1)(c), YVeeC,  [from (3) & (4)]

Hence, we proved that (gof)_1=f _10g_1
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19. Using the principle of finite Mathematical Induction prove that

nin+1)(n+2)(n+3) vn
1 ,

123+234+345.+....uptonterms= eN

A: To find nth term:
nth term of the given series is T,=n(n+1)(n+2).

n(n+1)(n+2)(n+ 3

Let S(n) : 1.2.3+ 234+ coooviiiin +n(n+1)(n+2) = 2

Step 1: L.H.S of S(1) = 1.2.3=6

11+1)(1+2)(1+3) 234
4 4

6

RHS of S(1) =

L.H.S =R.H.S.
So, S(1) is true.
Step 2: Assume that S(k) is true, for ke N

S(K) 123.+234+....+k(k+1)(k + 2) = <K +1)(k4+ Ak+y )

Step 3: We show that S(k+1) is true
On adding (k+1)(k+2)(k+3) to both sides of (1), we get

LHS =[123+234+. ...+ k(k+D(k+2)]+ (k+D(k+2)(k +3)

_k(k+1)(k+2)(k +3)

% +(K+D(k+2)(k+3)

k(K +1)(k + 2)(k+3) + 4k + 1) (k + 2)(k +3)
4

(K+D(k+2)(k+3)(k+4)
= 4 =R.

H.S

.. LHS=RHS .
So, S(k+1) is true whenever S(k) is true

Hence, by P.M.I the given statement is true, for all neN
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a+b+2c a b
20. Show that| ¢ b+c+2a b |=2@+b+c)®
c a c+a+2b
a+b+2c a b
A: LHS= c b+c+2a b
c a c+a+2b
2a+2b+2c a b (wC—>C+Cr+Cg)
=|2a+2b+2c b+c+2a b
2a+2b+2c a c+a+2b
1 a b
=2(a+b+c)l b+c+2a b
1 a c+a+2
1 a b

=2(a+b+c)0 a+b+c 0 |(“Ro—>Ro-R4q
0 0 a+b+ R3—)R3—R1)

=2(a+b+0)(a+b+c)2—0)=2@a+b+c)>=RHS
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21.

—_

By using Cramers rule solve

Given equations in the matrix equation form: AX =D, where

1 -1 3 X 5
A=|4 2 -1|,X=|y|,D=|0
13 1 z 5

1 -1 3
A=detA=|4 2 -
1 3 1

=12+3)+1(4+1)+3(12-2)
=5+5+30=40=0
= Alisnonsingular

5 -1 3
M=l0 2 -
5 3 1

=52x1-(-1)x3)+1(0x1-(-1)x5)+3(0x3-5x2)
=25+5-30=0;

15
Ay=l4 0 -
15 1

=1(0x1-(-1)x5) —-54x1-(-1)x1)+3(4x5-0x1)
5-25+60=40;

1 -15

2 0
1 3 5
=1(2x5-0x3)+1(4x5-0x1)+5(4x3-2x1)
=10+20+50=80

:ﬁzﬂ'—o:landz:
A 40

By Cramer's rule, x =21 =0
ramer S rulc, = =—0
y A 40

.. The solution is x=0,y=1,z=2

x-y+3z=5,4x+2y-z=0,x+3y+z=5.

5:_:2
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22. If a=7i-2j+3k,b=2i+8k and c=i+j+k, then compute axb,ax¢ and ax(b+7c).
Verify whether cross product is distributive over vector addition.

A: Giventhat a= 7i_—2_j+E,B= 2i + 8k and E:=i_+]+E

i
Now axb=[7 -2
2 0

= 7(~16—-0)— j(56—6)+ k(0+4) = -16i —50] + 4k

o w X

P
7 -2
11

Also,axT= =i(-2-3) - j(7-3)+k(7+2)= -5i —4] + 9k

= w x|

Now b+T=(2i +8k)+(i+j+k) =3 +j+9k

ik
7 -2 3 i(-18-3)- j(63-9) +k(7+6)= —-21i —54] +13k.......... @)
3

ax(b+0)=
1

Now (axb)+(axc)=(-16i —50] +4k) + (-5i — 4] +9k) = -21i — 54 +13k........ (2)
From (1) & (2) we have  ax(b+¢€)=(axb)+(axc)

.. Vector product is distributive over vector addition.
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. A. B.C
23. If A+B+C=180° then  prove that cosA+cosB+cosC=1+ 4S|nES|nES|nE
A+B+C
A: Given A,B,C are angles of a triangle, then A+B+C=180° = % =90°

L.H.S =(cosA +cosB)+cosC = ZcosA ; B .cosA ; B +cosC

+cosC

= 2005(900 —gj.cos

:Zsing.cosA_B+ 1—25in29 cos@:l—Zsin29
2 2 2 2

-1+ Zsin%.cosA —B_ 25in2% =1+ 25in%(cosA ; p —sinEJ

=1+2$inE cosA_B—sin 900—A+B
2| 2 2

. C
=1+2s nE cos —Cos [+.* sin(90°-0)=cos0]

. C(,. A . B
=1+25|n5(23|n?.5|n5] [+ cos(A —B) —cos(A + B) = 2sinAsinB]

=1+ 4sinésinEsinE—R H.S
a 27 27 2
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24. In a AABC if a=13, b=14, c=15 then show that R = 6—85 r=4,ry = % r,=12,r3=14

A: Given a=13, b=14, ¢c=15, then

2s=a+b+c=13+14+15=42= Zs= 47 —s=21

Now, A = \/s(s—a)(s— b)(s—c) = /21(21-13)(21-14)(21 - 15)

= /21 (8)(7)(6) = /(Bx 7)(4x 2)(7)(3x 2) =3 x 42 x 7? =3x 4x 7 =84

abc_13><14><15_6_5

O "= axes 8
A
i =224,
s A
(i) 1 =——= B4 _p4_ 2
a 21-13 g 2
84 84
V) Iy = —— = =2 _12
(iv) 2 21-14 7
_ A 84 ph
V) 13 = C_21—15_ﬁ5/_14
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