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MATHEMATICS PAPER IA

TIME : 3hrs Max. Marks.75
Note: This question paper consists of three sections A,B and C.
SECTION A
VERY SHORT ANSWER TYPE QUESTIONS. 10X2 =20
1. Find the domain and range of the f(x)= 5 sz

2. Find the inverse of the function
If a,beR, f:R—R defined by f(x)=ax+b (a=0)

3. If the position vectors of the points A, B, C are —2i + j-k, —4i +2j+2k and
6i —3j —13k respectively and AB=AAC then find the value of A.

4. ABCDE is a pentagon. If the sum of the vectors AB, AE, BC, DE, ED and AC is
AAC, then find the value of A.

5. Let a,b and © be unit vectors such that b is not parallel to Eandﬁx(BxE):%B.

Find the angles made y a with each of bandc.

6. What is the value of tan 20° + tan 40° + /3 tan 20° tan 40°?
7. Prove that ¢o0s20°cos 40° —sin5°sin 25° =@.

8. If sin hx:% find cosh2x ad sinh2x

9..For any square matrix A, show that AA’ is symmetric.

0O 1 4
10.1s|-1 0 7| symmetric or skew symmetric 7.
4 -7 0
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SECTIONB
SHORT ANSWER TYPE QUESTIONS
ANSWER ANY FIVE OF THE FOLLOWING 5 X 4 =20

11. If a,b,c are unit vectors such that a is perpendicular to the plane of b,t and
the angle between b and T is n/3, then find |a+b+¢].

12, If sin(e+p) a+b
" sin(a—B) a-b
13. Prove that tan 70° — tan 20° = 2 tan 50°.

14. Solve the following and write the general solutions
sin36 —sin@ =4cos” 6 — 2

, then prove that atanp=btana .

15. If sin?x+sin?y+sin™z =7 then prove that *xv1-x?+ yy1-y? +z41-22 =2xyz

16. In aAABC, show that the sides a, b, c are in A.P. if and only if r(, rp, r3 are in
H.P.

17. Apply the test of rank to examine whether the following equations are
consistent.
2X -y +32=8, X+ 2y+z=4,3x+y =4z =0 and, if consistent, find the
complete solution.

SECTION C
LONG ANSWER TYPE QUESTIONS
ANSWER ANY FIVE OF THE FOLLOWING 5 X 7 =35

18. If f :A—5 B4 g:B — A are two functions such that gof =1, and fog =1, then
f:A—B isabijectionand f *=g.

n(n+1)*(n+2)

Pr@+2)+Q%+22+3) 4+, upto n terms =
19. ( )+ ( ) p 12

20.|f[6 T 6]+[6 3 a]+[a b 6]:[5 b 6] then show that a,b,c,d are
coplanar.
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21. If cos A+cosB +cosC :g then show that the triangle is equilateral

22. Show that acos? g +bcos? g + ccos? % =S +é

R
23. Show that

1 a? ad
1 b? b*|=(a-b)(b-c)(c—a)(ab+bc+ca)
1 ¢ ¢
3 3 4
24 If A=|2 -3 4|, thenshow that A™ = A%,
0 -1 1
SOLUTIONS
1. Find the domain and range of the f(x) = 5 X3X
X
Sol. f(x)= a3
2-3x#0
2 # 3X
2
X #—
3

Domainof fisR — {%}

X
2-3x
= X =Y(2-+3x)
= X = 2y=3yX
= X+3yx =2y
= Xx(1+3y)=2y
2y
1+3y
=1+3y =0

=Yy

> X=

=>3y=-1

y=-3
3
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. Range of fis R —{—%}.

2. Find the inverse of the function
If a,beR, f:R—R defined by f(x)=ax+b (a=0)

Sol:  Let f'(x)=y=x=f(y)
X—b
X=ay+b=>y=—-

a

A==
a

3. If the position vectors of the points A, B, C are —2i + j—k, —4i +2j+2k and
6i —3j —13k respectively and AB=2AC then find the value of A.

Sol. Let O be the origin and OA=-2i + j—k, OB=-4i +2j+2k, OC=6i —3] 13k
Given AB=3AC
O_B—o_Azx[&—o_A]
—4i+2j+2k+2i —j+k=
2|61 -3] 13k +2i - j+k |
~2i+j+3k=1[87 - J-12K]
Comparing i coefficient on both sides

2=A8= a2t
8 4

4. ABCDE is a pentagon. If the sum of the vectors AB, AE, BC, DE, ED and AC is
AAC, then find the value of A.

Sol. Given that;

AB+AE +BC+DC+ED+AC=21A
:(A_B+ﬁ2)+(ATE+gD)+(ﬁ3+ATZ) =2AC

= AC+AD+DC+AC =AAC

= AC+AC+AC =21AC

—3AC =1AC
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SA=3

5. Let a,b and © be unit vectors such that b is not parallel to Eandﬁx(BxE):%B.
Find the angles made y a with each of bandc.
Sol. %B:Ex(BxE):(E-E)B—(E-B)E

Such b and T are non-coplanar vectors, equating corresponding coefficients on
both sides, E-Ezé and a-b=0.

.. amakes angle ©/3 with t and is perpendicular to b.

6. What is the value of tan 20° + tan 40° + /3 tan 20° tan 40°?
Sol. tan 20° + tan 40° + /3 tan 20° tan 40°
Consider 20° + 40° = 60°
Tan(20° + 40°) = tan 60°
tan 20° + tan 40°

1-tan 20°tan 40°

tan 20° + tan 40° = /3(1— tan 20° tan 40°)
tan 20° + tan 40° = /3 — /3 tan 20° tan 40°
tan 20° + tan 40° + /3 tan 20° tan40° =+/3

7. Prove that cos20°cos40° =sin5°sin 25° = \/§4+1 )

Sol. cos20°cos40°~sin5°sin 25°

= %[2 c0s 40°cos 20°=2sin 25°sin 5°]

= %[cos(40° +20°)+ c0s(40°—20°)
+€05(25° + 5°) — cos(25° —5°)]

= %[cos 60°+ cos 20° + cos 30° — cos 20°]

\ %[cos 60° + cos30°]

1{1+£}\/§+1

T2 4

2 2

2
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8. If sin hx:% find cosh2x ad sinh2x

Solution:
sinhx = §
cosh®x =1+sin hx

cos h?x =1+g = cosh’x = 2
16 16

cos hx =§

sin? x = 2sinhxcoshx = 2 x §x§:E

8
25 9 34 17

1616 16 8
9. For any square matrix A, show that AA’ is symmetric.

Sol. Ais asquare matrix
(AA!)! :(A!)!A!:A'A!

cos ?x = cosh? x +sinh?x = ==

- (AA) = AA
= AA’ is a symmetric matrix.
0 1 4
10.Is|{-1 0 7| symmetric or skew symmetric 7.
-4 -7 0
0 1 4
Sol. LetA=|-1 0 7
-4 _-7(0
0 1 4] . Jo"=1 -4

AT=-1 0. 7] =1 0 -7
-4.-7_0 4 7 0
0 1.4
==/-1 0 7|=-A
-4 -7 0
.. A'is a skew symmetric matrix.
11. If a,b,c are unit vectors such that a is perpendicular to the plane of b,c and
the angle between b and T is n/3, then find |a+b+¢].
Sol. perpendlcular to plane contain b and .
a-b=0,a.t=0
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Consider

|a+b+C|P=(@+b+t)?

=a’+b*+c’+2ab+2bc+2ca

Hal+|bf+|Tc)*+0
+2|b|| €| cos(b,T)+0

:1+1+2+2(1)(1)cosg

:3+2><%:3+1:4

s la+b+C|=2
sin(a+p) a+b
A = = , then prove that atanp=btana.
sin(a—p) a->b
Sol. Given that SN(@+B) _a+b
sin(fa—pP) a-b

By using componendo and dividendo, we get
sin(fa+p)+sin(a—P) a+b+a-b 2a .a
sin(a+p)—sin(w—p) a+b-a+b 2b _b
sin(a+p)+sin(a—P) a
sin(a.+B) —sin(e—p) b
:>sin oLCOS B +C0S aSin B +Sin a.CosP —cosasin B _a
sino.cosP +cosasinB—sinocosP +cosasinfy b
2sinoccosP  a

2cosasinf b

:>tanoccot[3:%

= btana=atanf
hence, atanB=Dbtana

13. Prove that tan 70° — tan 20° = 2 tan 50°.
Sol. “tan 50° = tan(70° — 20°)
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_ tan70°—tan 20°
1+tan 70°tan 20°
= tan 70° —tan 20°

= tan 50°(1+ tan 70° - tan 20°)

= tan 50°(1+ tan 70°- tan(90° — 70°)]
= tan 50°[1+ tan 70°-cot 70°]

= tan 50°[1+1]

= 2tan50°

. tan 70° —tan 20° = 2tan 50°

14.Solve the following and write the general solutions
sin36 —sin@ = 4cos® 6 — 2

Solution :
sin30 —sin@ = 4cos”* 0 — 2
2c0s26.sinf -2 2cos* 6 -1 =0
2c0s20 sin@ —2c0s20 =0 = 2cos28 sind -1 =0
cos260=0 : sind=1
20=2n+1 7/2 O=nz+ -1" 7/2

O=2n+17l4 : O=nzg+ -1 7/2 nez

15. If sin? x+sin™ y+sin" z= 7z thenprove that ~ xy1-x* +y\1-y? +z4/1-22 =2xyz
Solution:
Let sin"'x=a @Sin‘ty=p4 sintz=y
sina = X sinff=y siny =z
Given a+f+y=n=a+pf=n-y
sin.a+ f =sinyandcosy =—-cos a+f

/1= X2+ y\/l— y? +241-2°
sine\/1—sin? & +sin B4J1—sin? B +sin y/1-sin? y

1r. .2 -2 — 1roe .2
E[Sln a+sin’ f+sin’y | = E[Zsln a+p cos a—f +sin’y ]|

%[ZSin ycos a—f +2sinycosy ]

siny[cos a—p +cos a+p |=2sinasinfsiny =2xyz
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16. In aAABC, show that the sides a, b, c are in A.P. if and only if ry, rp, r3 are in
H.P.

: 111 :
Sol. ry,rrgareinHP. <= =, = arein A.P.
hnhf
s—a s-b >~Carein AP.

A
&s—a,s—b,s—carein AP.
< —a,—a, —care in A.P.
<a, b, carein A.P.

17. Apply the test of rank to examine whether the following equations are
consistent.

2X -y +32=8, x+2y+z=4,3x +y =4z =0 and, if consistent, find the
complete solution.
2 -1 3 8
Sol. The augmented matrixis (-1 2 1 4
3 1 40
(on interchange R; and R,)
-1 2 1 4
~l2 -1 3 8
13 1 40
R, >R, +2R;,R; > R;+3R;
-1 2 1 4
~|0 3 5 16
0 7 -1 12
R; »>3R;-7R,
-1 2 1 4
~10 3 5 16
| 0. 0 -38 -76
-1 2 1
Nowdet| 0 3 5 |=(-1)(3)(-38)=144
0 0 -38
Hence rank (A) = rank [AD] =3
.. The system has a unique solution.
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f:A—>B isabijectionand f *=g.

Proof:Let x,x, e A, f(x)=f(x,)

19.

Sol:

P+ +2°)H (P22 +3) +.t

X, €A f:A>B=f(x) f(x,)eB

f(x), f(x)eB, f(x)=1f(x), 9=B—>A=g[f(x)]=9[f(x)]
= (gof) (%)= (gof )(x;) =1, (%) =% =X,

XL eA, F(x)=T(%)=>x=X%,... f :A—>BIS0neone
LetyeB.

yeB,g:B—>A=g(y)eA

2
P4 (12422 4 (1 +22+3) 4. UDLO N tEFMS = ”(””iz(””)
2
P+@+2)+ @ +2°+3) 4o+ (P +2° 43 +....0%) = n(n+1i2(n+2)
2
Pr@P+2)+@+2° 43+, = n(n+1)6(2n+1) = n(n+liz(n +2)

Let S, be the given statement
Forn=1
LHS=1

2
RHS= 1A+ A+2)

12
Assume S, is true

KDk +D) _ kk+D(k+2)

P@+29)+ @02 +2°43) +...

6 12
Adding (k +)™term.ie. = kDK +62)(2k+3) on both sides

_ (k+D(k+2)(2k+3) _ k(k+D’(k+2)  (k+D(k+2)(2k+3)

6 12

k(K1) (k +2) + 2(k +1)(k + 2)(2k +3)
12

C(k+D(k+2) k> +k+4k +6

- 12

(k+D)(k+2) K*+5k+6

12
_ (k+D)(k+2)(k+2)(k+3)

12
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_ (k+D(k +2)* (k +3)

12
20.If[b ¢ d]+[c a d]|+[a b d|=[a b t| thenshow that abc,d are
coplanar.
Sol. Let O be the origin, then
OA=7,0B=b,0C=t,0OD =d are position vectors.
Then AB=b-a,AC=c-aand AD=d-a

The vectors AB,AC,AD are coplanar.
[A_B AC E} =0

—~ —~
ol ol
X X
2l ol
- +
al ol
+ X
a ol o
v +
ol
Z ¥
<Y 2l
t =
~~
ol |
X
22
: W
el P o
1 o
1T
o
OI N
N
|
|
—~
ol
X
ol
N
|
|
~~
al
X
QD
N
|
I
o

]

21. If cos A+cosB +cosC :% then show that the triangle is equilateral

Solution: -
cosA+cosB+cosC:§ = 2C0S A+B cos A-B +cosC:§
2 2 2 2
2¢0s 900—E cos f—B +cosC:§
2 2 2
25in9cos Dt +1—2$in29:3/2
2 2 2
25inEcos A-B —ZsinZE:l
2 2 2 2
4singcos A-B —4sin29:1:>1+4sin29—4sin9cos A-B =0
2 2 2 2 2 2

2
Zsingj—Z ZsingcosA —B + cos? ﬂj—cos2 A-B +1=0
2 2 2 2 2
2
Zsing—cos A-B +sin? A-B =0
2 2 2
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A-B

23in9— cos(—) =0and sin A-B
2 2

=0

. 2sin % = cos(%j and A—B=0

28iﬂ%=1:>%:300 = ¢ =60°

A=B..A=B=60
Hence trangile is equilateral
C
2

22. Show that acoszé+bc0525+ccos —:s+é
2 2 2 R

Solution: -

acos’ g + bcos? B + CCOSZ%

al+cosA bl+cosB ¢ 1+cosC
2 " 2 " 2
a+acosA+b+bcosB+C+ccosC  a+b+c +
2 - 2
a+b+c + acosA+bcosB +ccosC
2
2s + 2Rsin Acos A+ 2Rsin B cos B + 2RsinC cosC
2
2S +R sin2A+sin2B +sin2C
2
2S+R 2sin A+B cos A—B +sin2C

2
2S+R 2sinCcos A—B 4 2sinC cosC

2
2S + 2RsinC .cos. A—B +cosC

2
2S +2RsinC cos A—-B —cos A+B
2

2S+4Rsin AsinBsinC

2
S +2R%*sin AsinBsinC A

=S+—
R R

=S +2Rsin AsinBsinC
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23. Show that

1 a? al
1 b* b*=(a-b)(b-c)(c—a)@b+bc+ca)
1 ¢ 8
1 a? a°
Sol. LHS=} b*> b
1 ¢ ¢

By applying R,—»R; — R; and R3—>R3; - R;
1 a? a3
=10 b’-a® b®>-a°
0 c¢?-a® c*-a°
1 a? a
—(b—a)(c-a)[0 b+a b*+ba+a’
0 c+a c?+ca+a’
Applying R,—>R; — R3
1 a? a
=—(a-b)(c-a)[0 b—c b*-c®+a(b-c)

0 c+a ¢’ +ca+a’

3

10 a? a’
=—(a-b)(c—a)(b=c)0 4 b+c+a
0 c+a c’+ca+a
=—(a-b)(b=c)(c-a)
[(c®*+ca+a?)—(b+c+a)(c+a)]
=—(a=b)(b—c)(c—a)

2

[c? +ca+a’—b(c+a)—(c+a)’ =
=—(a—Db)(b-c)(c-a)

[c® +ca+a®—bc—ab—c?—2ca—a’]
=—(a—-Db)(b—c)(c—a)[-ab—bc—ca]
=(a—-b)(b—c)(c—a)(@b+bc+ca)
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1 a® a°
S b? b¥=(@-b)(b-c)(c—a)ab+bc+ca)
1 ¢ ¢t
3 -3 4
24. 1f A=|2 -3 4|, thenshowthat Al =A%
0 -1 1

3 -3 4][3 3 4] [3 -4 4
Sol. A’=|2 -3 4|2 -3 4|=|0 -1 o0
0 -1 1{|l0 -1 1| |2 2 -3
3 -4 473 -4 4
A*=A’A’=0 -1 0|0 -1 0
2 2 -3|l-2 2 -3

LAY =]

det A =3(1) —3(-2) +4(-2) =1

-+ A= 0= A lexists

A=

Multiply with A™

AfAT =1(AT)

S AAA ) =At A3 () =A"
A=A
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