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MATHEMATICS PAPER-1A

TIME: 3hrs. Max. Marks.75
Note: Thisquestion paper consists of three sections A, B and C.

SECTION - A

Very short answer type questions. 10X2 =20

Let ABCDEF be a regular hexagon with centeB@ow that

In AABC, if a,b; ¢ are position vectors of'the vertices A, B and peetively, then

prove that the position vector of the centroid %(§+B+—c).

For any two vectora andb_prove that(axb)? +(ab)? = ‘é‘z ‘6‘2
If A-B :3711, then'show that (1 —tan A) (1 + tan B) = 2.

cosl?+ sinll
cosl?- sinll

If tan® =

ando is in the third quadrant, finél

Prove thatinh™x = Iog{ X+ X%+ i}
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-1 2 . . o
7. IfA= {0 J, then find AA. Do A and A commute with respect to multiplication

of matrices?
1 w
8. If wis a complex cube root of 1 then show that «*

o 1

o’
1|=0.
W

X2 —x+1

9. IfA={1, 2,3,4}and f: A> R is a function defined b¥(x) = then find
the range off.
10.  Iff={(, 2), (2, -3), (3, =1)} then find (i) 2 + f, (i) Vf .
SECTION B
Short answer type questions.
Answer any five of the following. 5 X 4 =20
AdjA

11. Theorem: If A is.a‘non-singular matrix thensAinvertible andA™ = detA
e

12. InAABC, if O is the circumcenter and H is the orthdeenthen show that
(i) OA+OB+0OC= OH
(i) HA +HB +HC =2HO
13. Leta, bt be mutually orthogonal vectors of equal magnituékrsve that the vector

a+ b+t is equally inclined to each @f, b;¢, the angle of inclination beingos™ L

5

www.sakshieducation.com



www.sakshieducation.com

14.  Prove that sfo + co$ (a + B) + 2 sinasinBcos@ + B) is independent df.

15.  If |[tanx |= tax +

! and x0[0, 27] find the values of
X

16. If Tan"x+Tan'y+Tan 'z=/7 then prove thak+y+z=xyz

2
17. Prove thatang + tan% + tan% = b + ca; ab-s

SECTION C

Long answer type questions

Answer any five of the following 5 X 7 =35

18. If f:A- B, g:B - C are two one one onto functions thgof : A - C is also

one one be onto.

2
19.  Prove that 2.3+ 314 # 4.5+ ... upto n teris +§”+11)

20. If|aF 1|bF LJ&| andax(ax¢thH b= ( then find the angle betwea@nhand.
21. In a.triangle ABC prove that
A B C - A 7—-B m-C
cosz + cosi + cosé = 40{5—} c j {os—j

4 4 4

22. Let an object be placed at some height h cmlaein® and Q be two points of

observation which are at a distance 10 cm apast lime inclined at angle 130
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the horizontal. If the angles of elevation of tHgeat from P and Q are 3@&nd

60° respectively then find h.

b+c c+a at
23. Show thaic+a a+ b b+ ¢c=
at+tb b+tc cf

o o 9
Q o T

24.  Find the non-trivial solutions, if any, foretifiollowing equations:.
2Xx+5y+62=0,x-3y—-8z=0,3x-y—-4z=0
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Model Paper-2 Solution

SECTION-A

1. Let ABCDEF be a regular hexagon with center kovthat

Sol.
D
E 1 C
0
F B
From figure,

AB +AC +AD +AE +AF =
(E+E)+ﬁ+(ﬁ+ﬁ)
=(E+ﬁ)+ﬁ+(E+C_D)
(- AB =ED, AF =CD)
=AD +AD +AD =3AD
=6AO0(. O is the'center and OB Al

2. In AABGC, if @, b, ¢ are position vectors of the vertices A, B and €pegtively, then

prove that the positin vector of the centroid C%'(si+5+‘c).

Sol.

Let G be the centroid &§ABC and AD be the median through the vertex A. (&pee).
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ThenAG:GD=2:1

Since the position vector d is %(B+E) by the Theorem 3.5.5, the position vector of G is

2(_b+T:)+1€l

_a+b+t
2+1 3
3. Forany two vectorsa and b prove that (axb)? +(ab)? :‘éﬁB‘z
Sol:  (axb)?+(ab)?
2 2 - R
sin’(@,b)+ @by

o)X
[ox

2

[N
[ox]

“fl —coS’ @ ,b)}+ (ab)?
“-fal B cos @b )+ @b

oY
o

o1
N

jox}
o

™ |
\gi\

}

+

}

}

4. If A-B :37“, then show that (1 — tan A) (1 +tan B) = 2.

SoI.A—B:S—TT
4

A-B =135
tan(A- B)= tan138

=tan(90 + 45) =- cot4%5=-
0 tanA-tanB _

1+tanAtanB
tan A-tanB== (& tanAtanB

tan A-tanB==% tanAtanB

tan A—tanB+ tanAtanB-- 1
tanB- tan A- tanAtanB= 1 ...(

LH.S.= (I- tanA)(®+ tanB)
=1+ (tan B- tan A- tan Atan B)
=1+1 (. from(1))
=2=R.HS.

cosl?+ sinli
cosl? - sinli

5. If tanB=

ando is in the third quadrant, finél
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coslf+ sinll
cosl? - sinli
sin11°}

Sol. tanB =

cosl?t
smlf}

cosll’[ ioa

cosll’[ i
cosl?

_ l+tanl?
1-tanl?®
_ tan45 + tanli
1-tan43 tanll
tanf = tan(48+ 11 )
=tan 56
=tan(180+ 58 )
=tan 236
0=236

(-tan45=1)

6. Prove thasinh™x = Iog{x+\/x2+]}

Let sinh™'x=y= x=sinhy

ey_e_y
X=

—ox=et -t 2xey:(ey)2—1
ey
2 22X+ P+ 4
(ey) -2xe' -1=0=el=————— =@ =x+JyX' + 1 y= Iog(x+\/x2+ ])

2
Osinh™x= Ioge{x+\/x2 + i}

=12
7. IfA= {O J, then find AA. Do A and A commute with respect to multiplication of

matrices?

-1 0
Sol. AT =
2 1

wilo i 1e
S P PR P
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Since AA'Z ATA, A and A’ do not commute with respect to multiplication ddtrices.
1 o o

8. If wis a complex cube root of 1 then show that «® 1[=0.

o 1 w

1 o o

Sol.|lw w 1

o 1 w

Ri-Ri+R+Rs
1+ 0+ 1+ 0+ 0° 1+ w+w?

=l o 1

o 1 A

0O O
w o 1[1+tw+w’=0]

o 1

=0

2 _
9.  IfA={1,2 3 4}andf: A~ R isafunction defined b(x) :X—fl” then find the
X

range of f.
Sol. Given that

2
X“=x+1
f(x) ==——
) =77
P-1+1_1

f() =
@ 1+1 2

[0 Range of f is{1 1z LS}
2 45

10. If f={(1, 2), (2, -3), (3, -1)} then find (i) 2 + f, (ii) NG
Sol. Given that
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f={1,2), (2 -3), 3, -1)}

i) 2 +f={(1, 2+2), (2, =3+2), (3, -1+2)}
={1, 4), (2,-1), 3, 1)}

i) v ={@v2)

SECTION B

AdjA
detA’

11. Theorem: If A is a non-singular matrix then A is inverband A ™ =

a b ¢
Sol.Proof: LetA=|a, b, c,| be anon-singular matrix:
a3 by G
Odet Az 0.
Al AZ A3
AdjA =|B; B, Bj
G G G
a b ol A A Ag
a b |GG G

aA+bB+cC  aA+ bBsit ¢C, aAfx bBt cC
=|a,A;+b,B,+¢c,C; a,A,+ byBst €,C, a,Af b,B c,C
azA;+bsBi+cC;  agAst bsBstc,C, azAf bsBt cC

detA 0 0 10
=l 0 detA O |=detA 0 1
0 0 detA 00
=detAl
OA de:I
detA

Similarly we can prove thaA @;dl“—i'; =1
e

Al = AdjA
detA

12. INAABC, if O is the circumcenter and H is the orthdeenthen show that

www.sakshieducation.com



www.sakshieducation.com

(i) OA+0OB+0OC= OH
(i) HA +HB +HC =2HO
Sol. Let D be the mid point of BC.

Take O as the origin,
Let OA=3,0B= b and OG~
(see figure)

_D:b+
2

ol

0 OA+OB+0C=
OA+20D= OA+ AH=OH

(Observe thaA\H = 2R cos A, OD=. Rcos A
Ris the circum radius a8ABC and henceAH =20D).
i) HA+HB+HC =

HA +2HD=HA+2(HO+ OD)

=HA +2HO+ 20D
=HA +2HO*+AH = 2HO

13. Let &, b, ¢ be mutually orthogonal vectors of equal magnitudrsve that the
vector a+ b+t¢ is equally inclined to each df,b;¢c, the angle of inclination

beingcos™ L

ﬁ-
Sol. Let|aE|[bf JcFA
Now, |a+ b+cf="2+ B+ ¢é+ 2 &
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=3\?(-alb= bJe="dJa= 0
Let © be the angle betweenanda+ b+¢
alfa+b+rc)_ dla _ 1
lalla+ b-c| AA3) 3
Similarly, it can be proved tha+ b+ ¢ inclines at an angle ofos™ L with

NE

Thencost =

b and c.

14. Prove that sft + cog (a + B) + 2 sinasinBcos@ + P) is independent a.
Sol. Given expression,

sirfa + co (a+P) + 2 sirsinBcos@+p)

=sina +1- sirf @ +B 1 2simt sifp cos(+p )
=1+[sin*a - sir® @ +P )]+ 2sim siP cos(+f )
=1+sin@+a+p)sing—a—-B H 2simx sif cos(+p
=1+sin(2x +B)sineP + 2sim siB cos(+p )
=1-sin(2x +B)siP+ [2sim cos(+[ )]sif
=1-sin(Zx +B)sim + [sin@ +a +B }F sind—o—(")]sifp
=1-sin(2x +B)sim + [sin(&+p > sif ]sip
=1-sin(2x +B)sim + sin(& +p )sif—sind
=1-siB= o P

Thus the given expression issindependerd.of

15.  If |tanx |= tanx + . and x[0, 27] find the values of
X

Solution:
cos( J supposeanx > 0

O tanx.=" tanx +

= . Onot possible
COSX  COX

Case (ii) Supposéanx < 0

1
= —2tanx = ——
COSX COX

L —tanx = tanx +

—-2sinx=1= sinx= —%

x Lies in (iii) or (iv) quadrant
But tanx< 0
Ox=-ml6 (or)llm/6

But x0[0, 271]
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Ox=117/6

16. If (i) Tan'x+Tan'y+Tan 'z= 7 then prove thak+ y+ z = xyz
(i) Tan'x+Tan'y+Tan'z= 7—21then prove thatxy + yz+ zx =1
Solution:
Let tan‘x=a tan'y=p tanz=y
X =Tana y=Tang z=Tany
Givend *Bty=n= a+p=m-x
Tana +Tang =Tany
1-TanaTang

Tana +Tang = -Tany + TanaTanSTany = Tana + Tang +Tany TanaTanSTany
=X+y+z =Xyz

Tan(a + B) =Tan(r-y) =

_bc+ca+ab-¢’
A

17. Prove thatané + tanE + tanCi
2 2 2
Solution : -

A B C
tan— + tan— + tan-
2 2 2

(s-b)(s-c) .\ (s-c)(s-a) .\ (s-a)(s=b)
A A A
s’~cs-bs+bc+s’—as—-cs+ac+8>~bs—as+ab
A

3s? - 2as—- Ms— Xs+bc+ca+ab

A
bc+ca+ab+3s’ =2s(a+b+c) bc+ca+ab+ F - 3( )

A B A
bc + ca+ ab +3s? = 4s? :bc+ca+ab—52

A A

SECTION C

18. If f*A- B, g:B - C are two one one onto functions thergof : A - C is also one
one be onto.

Sol: i) Let x,x, JAandf (x)= f(x,).
X, %OA, f:A- B= f(x),f(X,)IB
f (%), f (x)OB, - C,f(x,)=g[f (x)]=9[ f(x;)] =(gof)(x) =(gof) (x)
X, X%, 0A, (gof ) (x,)=(gof ): A — Cis one one=> X, = X,
Ox, %0A f(x)=T (X,)= X=X,
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0 f:A- Bisoneone.
i) Proof :letzOC
zOC,g:B - Cisonto=UyOBOf(x)=y
Now (gof ) (x)=g(y) =z
[0 zOC = xOADgof ) (X)=z.
0 gof : A - Cis onto.

2
19. Prove that 2.3+ 3.4 + 4.5+ .... upto n termw

Sol: 2,3,4.... nterms t =2+(n-1)1=n+1

3,4,5........... n terms t,=3+(n-1)1=n+2
2

23+ 3.4+ 45 .4 H{+ L+ 29”(”%”*11)

Let S, be the given statement

Forn=1 LHS=23=6

RH g=1d¥6*1L 2+ _s

L.HS=R.HS

0 Sy ls true

Assumes, is true
2

(02.3+3.4+ 45 ...+ K+ 1+ 2:)k(k+k+ll)+(k+2)(k+3)

_ k(k? +6k +11)+ 3Kk* + 5+ 6)

3
=k3+9k2+26k+18
3
1 9 26 18
(k+D{k* +8k+1§ k=-1
A . 0 -1 -8 -18
1 8 18 0

_(k+D{ (k+17 + 6k + 1+ 1}
- 3

LI'S,,, Is true
HenceS,, is true for allnlJN

20. If|aE1]b$ 1] andax(axcr b= ( then find the angle betweenand <

Sol. GiventhatafE 1,[bt 1T
Let (a,c)=6
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Considera=[a|[c|co®
=(1)(2)cod
=2cod¥ .1
Considerax (axex b= (
(ak)a- (@Ja)e = 0
(2coB)a- (Je+ = 0 (e
(2coB)a-"=- b
Squaring on both sides
[(2cosB ya-Tcf = € bf
= (4cogB)@f+ (cf- 4co8 (@ & 4
= 4co$0 (W (2F- 4coB8 (2cds3) 1
—4co€0+ 4 8cos6= 1
=4-4co6=1
—4cos0=3

NE

:>00526:§:> coH=+">
4 2

Case | :

3

If cose:—:>9:1—T
2 6

:>(€1,_c)=g= 30

Case Il :

\/é T 5m

If cosO=——=0=m1-—=—=150
1 2 6 6

= (é,‘c)=%n= 150
21. In a triangle ABC prove that

A B C T— A T—B am—C
COS— +.€c0S— + cos-= 4cos cDpS oSs——
2 2 2 4 4 4

Solution:
0] Given A+B+C =1
R.H..S

o 58] of ) o) o) 40| o)
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= {cos(—”_ At7- Bj + co{—ﬂ_ A;’” BJHZ cos( ”;Cj}
{"-2cosA co8 = cokA+B)+ cdh+B)}

(15 o) i

cof 5238 277

.(rr—C+A+Bj .(n—C—A—Bj {”_C+A_Bj {”_C_A+Bj
=sin ———— — |-sin ————— |+co — +co —GN>

.+ 2C0sA siB = sifA+B) - sifA-B)

2cosA coB= cosA+B)+ cdA- B)
0 Sin(n—CZn—C]_sin{A+B+C;C—A—B}+CO A+B+E;&+A—BJ
A+B+§—E—A+B}{'.'H=A+B+C }

+ COo

4 ad A+B=m7-C
. (m C A B
=sin| — - — | + cOS— + COS—
2 2 2 2
A B C
=C0S— + COS— + COS-
2 2 2

22. Let an object be placed at some height h creirfeland Q be two points of observation
which are at a distance 10 cm'apart on a linenedliat angle 15to the horizontal. If the
angles of elevation of the object from P and Q3ffeand 60 respectively then find h.

Sol.

BV
A'is the position of the object.

Given that AB = h cm

P and Q are points of observation.
Given that, PQ = 10 cm

We have,

OBPE = 15, DEPA = 30, JEQA = 60
In APQA,
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P=30,Q=120and A = 30
00 By sine rule,

AP PQ
sin120  sin30

AP 10

sin(180- 60 ) 1/:

AP o AP
sin 60° J31/2

AP = 20x§: 10/ 3

In APBA, sin45 -AB
AP

=20

_h
103
10J3 513/ 3
h= = :5\/72\/73:5/76(31
7z 12
b+c c+a at a
23. Showthatc+a at+b brc=2b
a+b b+tc cf (o

Sl

Q o T

b+c c+a at
Sol.LH.S.=|c+a a+ b bt
atb btc ct
By applyingR=R;1 + R+ R;
2@+ bt+tc) 2@ bB.c) 2a b
=| c+a a+ b b+ c
a+b b+ c c+ a

atb+c atbrc & b |c
=2 cta at b bt c
a+b b+ c ct a
By-applyingR-R,—Riand R-R;— R,
atb+c atbrc & b |
=2/ -b -C -a
-C -a -b
By applying R—Ri + R+ Rs
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a b c
=2-b -c -
- -a -
a b
=@)EDED b e
c a

a b
=2/b c = R.HS.
c a

24. Find the non-trivial solutions, if any, for tf@lowing equations.
2x+5y+62=0,x-3y-82=0,3x—-y—-4z=0

2 5 6
Sol. The coefficient matrix A1 -3 -8
3 1 -4

On interchanging Rand R, we get

1 -3 8
A~12 5 6
3 1 -4

R, - R,- 2R, ,R, — Ry~ 2R we ge

1 -3 -8
A~|0 11 22

0 10 20
Rz - Rz_ Rs

[1. -3 -8
A=]0 1 2

10 10 20

(1 -3 8
A~0 1 2

_O 1 2

Det A =0 as Rand R are identical.

www.sakshieducation.com



www.sakshieducation.com

Clearly rank (A) = 2, as the sub-mat%% 13} is non-singular.

Hence the system has non-trivial solution.

The following system of equations is equivalentht® given system of equations.
x—3y—-8z=0
y+2z=0

On giving an arbitrary value k to z, we obtain siodution set is
x =2k, y=-2k, z =k, kI R for k#z 0.

We obtain non-trivial solutions.
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