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SECTION-A
I. Answer ALL the following VSAQ: 10 x 2 =20
1. Iff(x)=2x-1, g(x)= XTH' for all xeR, find (gof)(x)
2. Find the domain of the real function f(x) =./x2 _ 25
1 0 0
3. Define symmetric matrix & give an example. 4. IfA=|2 3 4| det A=45 then find x.
5 -6 x
5. IfOA=i+j+k AB=3i-2j+k BC=1i+2j—2k, CD=2i +]+3k then find vector op
6.  Find the vector equation of the plane passing through i - 2] +5k, —5j —k,—3i +5]
7. If |a+bl|=|a-b| then find the angle between 7 and p
8.  Findsin330°.cos120°+c0s210°.sin300°
9. IfA-B =374“, then show that (1-tanA)(1+tanB)=2  10. Show that Tanh™ > = iog,3.
SECTION-B
II. Answer any FIVE of the following SAQs: 5x4=20
a b ¢ i
b, ¢c|; . g . . 1_AdA
11. IfA=|2% 2 |is a non-singular matrix, then prove that A is invertible and A"=———
a b o detA
12. If the points whose position vectors are 3i —2j —k, 2i +3j —4k,—i + | + 2k, 4i +5] + )k are co-
planar, :[htjn SEOXV tha} A=-146/17 o
13. If @=2i+j-k,b=—i+2]- 4k,c=i+]+k then find (axb).(bxc|
14. S.TcosA cos[g + Ajcos(g - Aj = %COS3A . Hence deduce that Cosg 0052—97t COSB—QT[ COS4—97T = %
15. If 0<x < % then solve cot?x — (+/3+1)cotx +~/3=0
2 2 ;
16. Prove that Tantl+Tantleanti=Z 17. In AABC, show that £2=¢ -Sn(B-C)
2 5 8 4 a2 sin(B+C)
SECTION-C
III. Answer any FIVE of the following LAQs: 5x7=35
18. If :A—B is a bijective function then prove that (i) fof 1 =T (i) f~lof =1,
. . _ 1.1 1 1 _n
19. By using Mathematical Induction, to prove 73 35 57 "+ * (Zn-D(2n+1) 20+l vneN
a b o |2c-a2 ¢ b?
20. Show that |b ¢ = &  2ac-p* & |=@+b%+c®-3abc)?
cahb b? o  2ab-c?
21. Solve 2x—y+3z=8,x+2y+z=4,3x+y—4z=0 by using Matrix inversion method.
22. Find the shortest distance between the skew lines
T=(6i +2] +2k)+t(i —2j +2k)and T = (41 —k) +(3i — 2] - 2k) .
23. If A+B+C=g then prove that cos2A + cos2B + cos2C = 1 + 4 sinA sinB sinC.
24. Prove thatr + 1] + 1y —r3 = 4RcosC.
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SECTION-A

X+1

1. If f(x)=2x-1, 9(X)= for all xeR, find (i) (gof)(x) (ii) (fog)(x)

(x-D+1_2x

A: () (goh(x)=g(f(x)=g(2x-1) = 5

(i) (fog)(x—f(g(x)~f (XTH) =2 [%1] ~1=x+1-1=x

2. Find the domain of the real function \x? - 25
A: Given f(x) is defined when x2-25 >0

= (x-5(x+5)>0

= X € (—o0,-5] U [5,0)

.. Domain = (—0,~5]U[5,0)

3. Define symmetric matrix & give an example.

A: SYMMETRIC MATRIX:A square matrix A is said to be a Symmetric matrix if AT=A.

12 12 0 a hg
Ex A{z 3},8_2 -3 -1/,C=|h b f
0 -1 4 gf c
1 00
4. IfA=|2 3 4| anddetA=45 then find x.
5 -6 x
1 0 O
A: Given |2 3 4(=45
5 -6 x

—1(3x+24)+0+0=45 =>3x=45-24= Bx =20 =>x=7 o x=T7
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5. If OA=i+]+k, AB=3i-2j+k, BC=i+2]-2k,CD=2i+]+3k then find the
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vector QD

A: Consider OA +AB+BC+CD = (OA + AB) + BC+CD = (OB + BC) + CD = OC + CD = OD
Hence OD=0A +AB+BC+CD =(i + ] +K)+(Bi —2j +k) +(i +2] —2k)+(2i + j +3Kk)
=7i+2j+3k

6. Find the vector equation of the plane passing through the points i-2j+5,
-5j -k,-3i +5j

A: Given A(a) =1 - 2] +5Kk,
B(b)=-5j -k, C(T)=-3i +5]j
Vector equation of the plane is T = (1-s—t)a+ sh+1c,s, t eR

" T=(@1-s-t)(i —2j+5k) +s(-5j-Kk)+t(-3i +5]),s,t €R

7. If |a+b|=/a-Db| then find the angle between 3 and p

A: Giventhat |a+bl|a-b]|
=|a+bf=[a-bf’ =3 +b?+2ab=a+b’-2ab
—4ab=0=ab=0=alb

.. Angle between 3 and p is 90°

8.  Find sin330°.cos120°+c0s210°.5in300°

A: sin330°=sin(360°-30°) =—sin30°= —1/2
c0s120° = cos(180°—60°) = —c0s60°= —1/2
05210° = cos(180°+30°) = —c0s30°= —/3/2

sin300° = sin(360°—60°) = —sin60°= —/3/2

e S
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9. If A- B::%n, then show that (1-tanA)(1+tanB)=2

3 3r tanA-tanB
. 1 —B=— - = . —:_1
A: Given A-B=—r=tan(A-B)=tan— =7 "

—=tan A—tanB=—1 —tan A tan B = —tan A + tan B — tan A tan B=1 Adding 1 on both sides

= 1 —tan A + tan B — tan A tan B=1+1

= (1 —tan A) —tanB(1-tanA) =2 = (1 —tan A) (1 —tan B) =2

11 1
10. Show that Tanh 1§=§Ioge?>

A:  We know Tanh Ix = 1|09e (“_Xj
2 1-Xx
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SECTION-B
1 AdjA
11. IfAis a non-singular matrix then prove that A 1o ﬁ
a by ¢
A: We take A= as b2 Co
ag bz c3

We take cofactors of aj,b;,cq, .....as A;,B,C; ......

A, B c Ar Az As
S AdjA = A, B, C| = AdA=|B; B, Bj
Az Bz Cj G G GC3

& by c||A1 Ay Aj
A(Ade) = a2 b2 C2 Bl Bz 83
a3 bz c3||C Cp Cj

i alAl + blBl + C]_Cl a1A2 + ble + C]_Cz a1A3 + blB3 + C1C3
= a2A1 + bZBl + C2C1 a2A2 + szz + 02C2 32A3 + sz3 + C2C3
_3.3A1 + b3Bl + C3Cl a3A2 + b382 + 0302 33A3 + b383 + C3C3

[detA O 0

=| O detA O | (From properties of determinants)
0 0 detA

100
=(detA)| 0 1 O|=(detA).l
001

S A(AdjA)=(det A) I ; Similarly, we can prove that (AdjA)A = (det A) |
| A(Adj A)_ | o
L deA (- detA =0,as A isnon-singular)

1 AdA
A =Gga  [wAB=l =A1=B]
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{77}
If the points whose position vectors are 3i-2j-k, 2i +3j-4k,-i + ] +2k 4i +5] +)k are
coplanar, then show that ) =-146/17

We take

OP=3i -2]-k,0Q=2i +3j - 4k,
OR=-i+]+2K,0S=47 +5] + 2k,
where 'O’ is the origin.

- PQ=0Q-0P

=(2i +3j -4k)-(3i -2j —Kk)
=—i+5]-3k

PR=0OR-OP

=(-i+j+2k)-3i -2j-k)

=—4i +3]+3k

PS=0S-0P

=(4i +5] +Ak) - (3i - 2] —k)

=i +7j+(+Dk

But, [%ﬁP_S] =0 [ Since P,Q,R,S are coplanar]

-1 5 -3
=-4 3 3 |=0
1 7 A+

= (“D[B(+1)-21]1-5[-4(A+1)-3]
—3[(-28)-3]=0

= —1(3%-18) —5(-41~7)-3(-31)=0

= —3A+18+20A+35+93=0

= —3A+201+35+93+18=0

= 17h+ 146 =0

= 170 =-146

=\ =-146/17




% JR MATHS-1A

s AP-IPE 2023 SOLVED PAPER

[g |
—

13. Ifa=2i+j-kb=-i+2j-4k,c=i+j+k then find (axb).(bxt)
A: Giventhat€1=2i-+]—E,5=—i-+2]—4R8ndE>=i-+]+E
P07k
Now axb=|2 1 -1 =i(-4+2) - [(-8-1)+k(4+1) = —2i +9] +5k
-1 2 -4
Pkl B B
Also,bxt=|-1 2 -4=i(2+4) - j(-1+4) +k(-1-2)=6i -3j -3k
11 1
Now (axb).(bxT)=(-2i +9j+5k ).(6i —3] -3k )= (-2)(6)*+(9)(-3)+5(-3)=—12-27-15= 54
. (axb).(bx <€) =54
T T 1
14. Show  that cosAcos(§+Ajcos(§—Aj:Zcos3A Hence deduce that
T 2n  3m 4T 1
COS— COS— COS— COS— = —
9 9 9 9 16
A: L.H.S=cosAcos(%+A]cos(§—A =cosA(coszg—sin2Aj

2
=COSA (1) —(1—coszA) =COSA 1—1+coszA}
2 4

1 = ZCOSA(40032A -3) = 711[40033A —3cosA] = %cos?:A =RHS

[1-4+4cos2AJ 1
=COSA| —M8MM—

.. COSA cos(60°+A) cos(60°-A) = %cosSA
Put A = 20° then €0S20°c0s40°cos80°= :11COS6O°

1
On multiplying both sides by cos 60°, we get cos 20° cos40° cos60° cos80° == cos? 60°

4
[nj (271} (em) (4;:) 1(1}2 1
= COS| — |COS| — [COS| — |COS| — [=—| = | =—=
9 9 9 9) 4\2 16
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15. If O<x<g then solve cotzx-(\/§+1)cotx+\/§:0

A: Giventhat cot?x — (v/3+1)cotx ++/3 =0 = cot? x —/3cotx — ot x ++/3 =0
:>cotx(cotx—\/§)—(cotx—\/§)=0:>(cotx—l)(cotx—\/§)=0
= cotx —1=0 (or) cotx —+/3=0= cot x =1 (or) cotx =+/3

1
= tan x =1 (or) tanx:ﬁ

tanx:l=tan£:>x=£- [’.’0<X<E}
4 4’ 2

1 i T
tanx =—==tan—=> X =—
V3 6 6
. The soluti x=2X
N € solutions are 4,6
16. Provethat Tan™! 1 +Tan™! 1 + Tan’ll =7
2 8 4
A: We know, Tan2x + Tanty =Tan 4| XY
1-xy
1 1 5+2
7+7 e
Tt itan ot 2.5 | —Tan? M _Tan 1l
2 11 10-1 9
1-— .=
2’5 %]
7 1 56+9
7_’_7 -
-l 9 8 | o1 2
.'.L.H.S=Tan_l—+Tan_1%_Tan L 71 =Tan ™| =5
9'8 yz3

b2-c? sin(B-C)

17. In AABC, show that 2  sn(B+C)

2 2 ; 2 ; 2 2(cn2 in2
A: L.H.S:b -C :(ZRsmB) —(2RsinC) :4R (sn“B-sin“C)

a’ (2RsinA)? 4R?sin’ A

_sn?B-sin?’C _ S )Sn(B-C)  gnB-0)

2 5 =——=RHS
sin® A Si ¥0O) sin(B + C)
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SECTION-C

% JR MATHS-1A AP-IPE 2023 SOLVED PAPER

18. Iff:A—B s a bijective function then prove that (i) fof -1 = Ig (ii) f-lof= Iz

A: (i) To prove that f of 1=IB
Part—1 : Given f:A—B is a bijective function, then f ~1: B—>A is also a bijection
- fof 1. BB
We know, Ig: B—>B
So, fof ~land I, both have same domain B
Part—2: For beB, (fof 1)(b)=f [f~1(b)]
=f(a) [-- f:A—B is bijection = f(a)=b = f _l(b)=a, foracA |
=b=Ig(b) [-- Ig(b)=b, for beB]
Hence we proved that fof -l= Ig
(ii) To prove that f —lof=1 A
Part—1: Given f:A—B is a bijective function, then f -l.BsAisalsoa bijection
o flof: AA
We know [o: A—>A
So, f ~lofand 1 A» both have same domain A
Part—2: foraeA, (f _lof)(a)=f -1 [f(a)]
=f-l(b)j=a[--£A—>B is a bijection = fla)=b = f ~1(b)=a ]
=1p(a)[--I5(a)=a, for acA]

Hence we proved that £ “lof=1 A
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19. By using Mathematical Induction,Show that 13 + 35 + 57 +...tn terms= on+1

A: To find nth term:
1,3,5... are in A.P with a=1, d=2
. Tp=at(n-1)d = Tp=1+(n-1)2=1+2n—2=2n-1

3,5,7... are in A.P with a=3, d=2
. Tp=3+(n-1)2=3+2n-2=2n+1
1

- nth term is Ty =
(2n-1)(2n+1)

Let S(n) : 1 —+— 1 ..... + 1 -_n
13 35 57 @2n-n(2n+1) 2n+1

Step 1:L.H.S of S(1) =i=%;

1

1 1

RH.Sof (1) =———==
3 21+1 3

. L.LH.S = R.H.S.

So, S(1) is true

Step 2: Assume that S(k) is true ,for ke N

1 1 1 k

S(k) : —t——+ .t = .. Q)
13 35 57 (2k-1)(2k +1) 2k +1

Step 3: We show that S(k+1) is true

1 1
()P term = oG L) 1) 2(k+1) +1) ~ (K +1)(2k+3)

On adding (k+1)th term to both sides of (1), we get

1,1 1 1 . 1
LHS=173%35 57 """ @en@k+1) | (2k+1)(2k+3)

k 1 k(2k+3)+1  2k®+3k+1

Tok+1 (2k+D(2k+3)  (k+D(2k+3)  (2k+1)(2k+3)

(K+D) (kD)  k+1  k+1  k+1

lei(zms) 2k+3 2k+2+1 2(k+D+1

. L.H.S =R.H.S.
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 cf? 2bc—a? c? b2
20. Showthat|p ¢ a =| ¢ 2ac-b2 a2 |=(a3+b3+c3-3abc)?
c ab b2 a2 2ab — c2
a b c
A: Wetake A=|p ¢
c ab

= a(bc—a?) - b(b? - ac) + c(ab - c?)
=abc—a° - b® +abc+abc—c3
= (@ + b3 +c3 - 3ahc)

= A2 =@+ 0% +c2-3a00)% . )

abczabcabc
Again b ¢ =b ¢ b c

c a b c a b [c a

On applying C,; on the first determinent, we get

a c a b c
=-|b a b ¢
c b ab
-a ¢ b |a c
=|-b c c
-c b ab

—a®+cb+bc ab +CPadd 46 + A + b2
=|-db +eb +c° -b’+ac+ca AMC+a’+ e
A +b° 4+ b T +a° —c®+ba+ab

2bc - a2 c? b2
=| &  2;c-b®> @ | )
b2 a2 2ab — ¢2

From (1) and (2), the given result is proved.




% BABY BULLET-Q M3 | AP-IPE 2023 SOLVED PAPER
- | | \

21. By using Matrix inversion method, 2x—y+3z=8, —x+2y+z=4, 3x+y—4z=0

A: The matrix equation corresponding to the given system of equations be AX=D, where

2 -1 3 X 8
A=[-1 2 1[X=|y|,D=|4
3 1 -4 z 0

.". The solution of AX=D is X=A"!D

First we find A~
2 -1 3

[AEl-1 2 1(=2(-8-1)+1(4-3)+3(-1-6)=2(-9) + 1(1)+ 3(-7) = —-18+1-21=-38=0
3 1 -4

The co-factor matrix of A is

2 14‘ ‘—1 14‘ ‘—1 2"
1 -4 |3 -4 T3 1
(-8-1) —(4-3) (-1-6)] [-9 -1 -7

-1 3 2 3 2 -
T IR A [ Rt e e R ey

+

(-1-6) —(2+3) (-1 | |-7 -5 3
-1 2 2 -
+ - +
R R F I |
9 -1 -7
~AdA=|-1 -17 -5
-7 -5 3
9 -1 -7
.-.A-1=L(Ade)=i -1 -17 -5
det A -38
-7 -5 3

. -9 -1 -71I8 . -72-4-0 . -76

Now, X=A"D="=|-1 -17 -5 4|=—=| -8-68-0 |=—|-76|=|2
38 38

-7 -5 310 -56-20-0 -76

N

N

X
Il
N < X
Il
N NN

Hence the solution is x=2, y=2, z=2
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22. Find the shortest distance between the skew lines

T =(6i +2j +2k)+t(i —2j +2k)and T = (-4i —Kk) +s(3i — 2] — 2k)

A:  Givenskew lines T = (6i +2j +2k) +t(i —2j +2k) ;T = (-4i —k) +s(3i — 2] - 2K)
B |(@-7).(bxd)
Formula: For the skew lines T =@+ tb, T =€+ sd shortest distance(SD) =W
On comparing the given skew lines with T =3 +th; T=C+sd we get
a=6i+2j+2k andb=1i-2j+2k
Also, ©=—-4i —k and a=3i_—ZT—ZE
So, a—C=(6i +2j+2k)—(—4i —k)=10i +2j +3k

i ] k
bxd=|1 -2 2|=i(4+4)-j(-2-6)+k(-2+6)=8i +8] +4k

3

-2 -2

- (@-7).(bxd)=(10i +2j +3Kk).(8i +8j +4k) =80+16+12 =108

Also, |bx d|= V82 +82 + 42 = /64 + 64+ 16 =144 =12

*. Shortest distance(SD) = ‘(é—?)(f)xa)‘ = 108 =9
[bxd| b}

23. If A+B+C=g then prove that cos2A+cos2B+cos2C=1+4sinAsinBsinC.

A: L.H.S =cos2A+cos2B+cos2C = ZCOS( 2A+ ZB)COS( 2A—2B

) +cos2C

=2 cos (A+B) cos (A-B) + cos 2C =2 cos (g—C) cos (A—B) + cos 2C
=2 sinC cos(A-B) +(1-2sin2C) [-.- cos20=1-2sin20]
=1+ 2 sinC[cos(A—B)—sinC] = 1 + 2 sinC[cos(A—B)-sin (g_(A + B))]

=1+ 2 sin C [cos(A—B) — cos(A+B)] = 1+ 2 sin C [2 sin A sin B]

=1+4sinAsin Bsin C=R.H.S




% BABY BULLET-Q T

15

AP-IPE 2023 SOLVED PAPER

24. Prove that r + rytry,—r3= 4RcosC

A: LHS=r+rt+r-13=(+r)+(r,13)

=[4RsinésinEsinE+4RsinécosEcosE)+(4R
27272 2 %%

= 4Rsiné(sinEsinE+cosEcosEj+4R cosé(
2 2 2 2 2 2

= 4Rsinécos(E—Ej+4Rcosésin(E_E)
2 2 2 2 2 2

{.A (B cj A.(B cﬂ
=4R|sh—cos| — - = |+cos—sin| — ——=
2 2 2 2 2 2

:4Rsin[é+E—E}
2 2 2

=4Rsin(90°-C) = 4RcosC =R.H.S

) S 4

A. B C A B. C
cos—sin—cos— — 4R cos—cos—sin—
2 2 2 2 2 2

B _C B. C
SIN—COS— — COS—SIN—
272 2 2j

['.'A+B+C=180°:>—+—+—=90°
2 2 2

ABC}

)
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