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CHAPTER

APPLICATIONS OF
MATRICES AND
DETERMINANTS

y| MUST KNOW DEFINITIONS [N

If |A |# 0, then A is a non-singular matrix and if |A| = 0, then A is a singular matrix.

The adjoint matrix of A is defined as the transpose of the matrix of co-factors of A.

If AB =BA =1, then the matrix B is called the inverse of A.

If a square matrix has an inverse, then it is unique.

A" exists if and only if A is non-singular.

Singular matrix has no inverse.

If A is non — singular and AB = AC, then B = C (left cancellation law).

If A is non — singular and BA = CA then B = C (Right cancellation law).

If A and B are any two non-singular square matrices of order n, then adj (AB) = (adj B) (adj A)
A square matrix A is called orthogonal if AAT=ATA =1

Two matrices A and B of same order are said to the equivalent if one can be obtained from the other
by the applications of elementary transformations (A~B). !

1
A non — zero matrix is in a row - echelon form if all zero rows occur as bottom rows of the matrix |
and if the first non — zero element in any lower row occurs to the right of the first non — zero entry 1
in the higher row. '

TR

+

+ The rank of a matrix A is defined as the order of a highest order non — vanishing minor of the matrix
AlpA)].
+ The rank of a non — zero matrix is equal to the number of non — zero rows in a row — echelon form 1

of the matrix. :

+  Anelementary matrix is a matrix which is obtained from an identity matrix by applying only one |
elementary transformation. Every non-singular matrix can be transformed to an identity matrix by 1
a sequence of elementary row operations.

+ Asystem of linear equations having atleast one solution is said to be consistent.
+ Asystem of linear equations having no solutions is said to be inconsistent.

orders@surabooks.com Ph: 8124201000/ 8124301000
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y| IMPORTANT FORMULAE TO REMEMBER N

+ Co—factorofa,is A, =(-1) i*j M, where M, is the minor of a,

+ For every square matrix A of order n, A (adj A) = (adj A)A=|A[T,
AAT=ATA =T

+ If Ais non — Singular then

. 1
O A=y

(i) (AD)'=@ANHT
(iii) (M) = — A~! where A is a non — zero scalar.
Reversal law for inverses :
+ (AB)' =B Al where A, B are non — singular matrices of same order.
Law of double inverse :
+ IfAis non - singular, A~ is also non — singular and (A~)! = A.

+ IfAis anon - singular square matrix of order », then

I

I

1

1

1

1

:

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

I

1

. . 1 . 1 1 !

(1) (adj Ay '=adj (A )= m ‘A !

(i) [adj A=A/ :

(i) adj (adj A)=|A]""2A !

(iv) adj (M) =A""1adj (A) where A is a non — zero scalar !
2

(V) ladj (adj A)[=|A[""D :

(vi) (adj A)' =adj (AT) :

+ Ifa matrix contains at least one non — zero element, then p(a) > 1. |

+ The rank of identity matrix [ is n. !

If Ais an m x nmatrix then p(A) <min { m, n}. :

+ A square matrix A of order # is invertible if and only if p(A) = n. |

+ Transforming a non-singular matrix A to the form I , by applying row operations is called 1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Gauss — Jordan method.
Matrix — Inversion method :

+ The solution for AX = B is X = A™' B where A and B are square matrices of same order and
non — singular

Cramer’s Rule :
A A, _ ﬁ

+ IfA=0, Cramer’s rule cannot be applied x, = AR T AN T A

Gaussian Elimination method :

Transform the augmented matrix of the system of linear equations into row — echelon form and then
solve by back substitution method.

Rouches capelli Theorem :
A system of equations AX = B is consistent if and if p(A) = p([A|B])

(1) Ifp(A) =p([AB]) = n, the number of unknowns, then the system is consistent and has a unique
solution.
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Chapter 1 = Applications of Matrices and Determinants

(i) Ifp(A)=p([AB])=n—k, k+# 0 then the system is consistent and has infinitely many solutions.
(ii1) If p(A) # p(JA|B]), then the system is inconsistent and has no solution.

Homogeneous system of linear equations :

1 1
1 1
1 1
1 1
1 1
1 1
1 1
| (i) If p(A) = p([A[B]) = n, then the system has a unique solution which is the trivial solution for |
! trivial solution, |A| # 0 ;
: (i) If p(A) = p([A|B]) < n, the system has a non — trivial solution. :
: For non — trivial solution, |A| = 0. |
1 1
1 1
: + Al=z adj A + =+ adj (adj A) :
! |ade| |ade| 1
1 1
L] 2 2 1 1
m | (iii) LetA=|-2 1 2 and7\.=§
1
1. Find the adjoint of the following : ' 1 =&
2 31 ) | Since adj (AA) =A""!(adj A)
o34 !
(l){6 2} Gi) |3 4 1|Gii) 1Y, 1 2 ! BB 2 21 - 12
37 2 3 1 2 2| we get adj 5—2 1 2(|= 3
! 1 -2 2
) -3 4 !
Sol. (i) LetA = 6 2 | 22 1
L il-2 1 2
. 2 -4 ! adj
adj A = | | : 1 -2 2
[Interchange the elements in the leading | .. Required adjoint matrix
diagonal and change the sign of the elements in : T 1 2 _92 9 _2 1 [T
off diagonal + - +
gonal] : —2 2 ‘ 12 ‘ 1 -2
231 : | 2 1 21 2 2
(i) LetA=[3 4 1 LT 22 T2 T -2
37 2 : 2 1 21 2 2
T 1 +
4 11 3 1 |3 4 I 1 2 -2 2 -2 1
7o B ook 7 | I T
v | N R e R )
PR B A 2‘ _‘3 7‘ =g |G (4D - (4-2)
- 1
| +(4-1) —(4+2)+ (2+4)
| L
e 1H2 1‘+‘2 3‘ ! 6 6 3T 6 -6 3
4 117131 |3 4 ! N I 6 3 6
T 1 o | -9
+B-7)-(6-3)+(1-12)] | 1 =3 9f 13 6 6 3.6 6
= (6-7)+(4-3)-(a-9)| =] L L =3 . 2 2 1
+(3-4)-(2-3)+(8-9) L=1 1 =1 =512 12
11 -1 : (12 2
adj A = |_3 1 1 ! [Taking 3 common from each entry]
9 -5 -1 ' .
— — 1
1
é 1 2 2
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2. Find the inverse (if it exists) of the following : T Taking 4 common from every entry we get,
5 4 511 2 3 1] 6 -1 -1
(i) { 1 3} @ (1 5 1|Gi) |3 4 1] ! adj A=4|-1 6 -1
115 3 7 2| -1 -1 6
| 6 -1 -1
2 4 ! N R B
Sol. (i) LetA = 1 . _ma-] 112 -1 6 -1
1 -3 I 1 -1 6
1
A= |7 Y o640 | B .
= =6—-4 = * = — — —
Al | 3 ! =55 |1 6 -1
. . . ~1 . ! _1 _1 6
Since A is non — singular, A~ exists 1 _
1 1 _ ! 2 31
AT = madl A ! (i) LetA = |3 4 1
. -3 4 ! 3.7 2]
Now, adj A = 1 - ! Expanding along R, we get,
[Inter change the entries in leading diagonal and | e 4 1_3 3 1+1 3 4
change the sign of elements in the off diagonal] | Al 7 2 713 21 I3 7
1/1-3 -4 1
-1 = S, ! = 2@8-7)-3(6-3)+121-12)
i ! = 2()-33)+109)
511 - 2o g4d —2x0
(i) LetA= |1 5 1 : Since A is a non-singular matrix, A~ exists
115 I (a1 B p o4
Expanding along R, | +7 oo 3 2113 7
1
510 11 1 5 I
A = 5 _1 +1 ! adj A = 3 1+2 123
Lo5p b 50 1 ! 72013 237
1
1
= - — + - +
S - 1@ +1(-4) | 4 1‘ IME 4‘
= 120-4-4=120-8=112#0 1 3 . - .
Pl +(8=7)—(6-3)+(21-12 _
Since A is non singular, A~ exists. ! (8=7)=(6=3)+( ) =39
fs o 01 slT = -(6-7)+(4-3)-(14-9)| =| 1 1 -5
+ - + - —
15 s Lo +(3-4)-(2-3)+(8-9)) LT T A
1
11 1 1 I 1 -1
adia= | [ Y P 1P : o
L 5 1 511 I adf A = | -3 1 1
1
115 1 |5 1 - 9 =5 -l
+ - + !
51 (1 1] 1 5 ! 1 )
- - ! Now,A™! = — adj A
+(25-1)—(5-1)+(1-5) ! A
= | =(5-1)+(25-1)=(5-1) : o
1 -1 - =
+(1-5)=(5-1)+(25-1) v AT = o3 1
24 4 4] 24 4 4] P
= |—4 24 4| =|-4 24 -4 :
4 -4 24 4 —4 24|
é
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Chapter 1 = Applications of

Matrices and Determinants

o

coso

0

—sino
[F(o)]™ " F(- o)

If F (o) =

0
1 0|, show that
0 cosa

sino

[Hy - 2019; FRT - 2022]

coso. 0 sino
0 1 0]

—sinat. 0 coso

Sol. Given that F (o) =

Expanding along R, we get,

0

—0+sino| .
—Sino

F(o)| = cos o
[F(o)] 0 coso

=cos 0. (cos — 0) + sin a0 ( 0 + sin o)
=cos? +sin® ot =120

1
0

Since F (o) is a non-singular matrix, [F(ot)]™!

exists.
Now, adj (F(a)) =
) 0 0

cosal| [sina coso

]
=

+

+

0 1
—sino. O

sino. | |[cosol  sino

cosa| [-sino. cosa| |-sina 0

cosaa 0 ‘

cosa O
+
0 1

sina
0
-(0)
+(cos2 o +sin’ oc)
-(0)
cosa. 0 +sino]

0 1 0

—sinaa 0 cosa

sina
0

cosa
0

- (0)
+(0—sina) +(cos—0)
cosa. 0 —sina
0 1 0

sinaa 0 cosa

1

[F()

cosa. 0 -sina
[F(o)] % o 1 0
sinaa 0 cosa

- F(a)! adj (F(o0))

[coso. 0 —sino

0 1 0
| sinat 0 cosa
[ cos (—a) sin (—a.)
0 1

| —sin (—a)

Now, F(— o)

cos (—a)

orders@surabooks.com

+ (0+sina) !

(1)

4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¢

Sol.

cosaa 0 —sina
0 1 0

sinaa 0 cosa

. (2)

['.- cosa is an even function, cos (—¢t) = cos o and
sin o is an odd function, sin (—0t) = —sino]
From (1) and (2)
[F(o)]" = F (o)
Hence proved.

If A= >
-1

3
- 2} , show that A>— 3A - 71, = 0,.
Hence find A~

5

3
Given A =
iven {_1 _2}

sl

22 9]

25-3 15-6
A? =
-5+2 -3+4

C A2 _
N S AT-3A-T1,
[22 9 ; 5 3 710
|3 1] " |-1 -2 [0 1

[22-15-7 9-9+40 0 0
| 3+3+0 1+6-7] |0 o0

2
Hence proved.
W AT-3A-TL= 0
Post — multiplying by A~! we get,
A2 AT -3AAT - 7L, A1=0.A"
AAAT) =3 (AA) ~7(A1) =0
[ LA =A" and (0)A™ = 0]

=

Al-31-7A71=0 [-AAT=T]

= AI-3I=7A"

= A1=%[A3I] [ AI=A]
1 s 3] J1o

- il R

R Al_l[ 5-3 3—0]21[ 2 3]
70-1-0 —2-3| 7[-1 -5

i

7 -1 =5
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CHAPTER

COMPLEX NUMBERS
P s kW DEFNTIONs N

+ If a Complex number is of the form x + iy where x is a real part and y is the imaginary part of
the complex number.

+ z,=z,ifRe(z)) =Re(z,) and Im (z)) = Im (z,)
Properties of complex numbers:

Under Additions

+ Letz}, z, and z; are complex numbers.

(i)  Closure property (z, + z, is a complex number)
(i)  Commutative property (z, +z, =2z, +z,)

(iii) Associative property (z, +z,) +z; =z, +(z, + z;)
(iv) Additive identity (z+0=0+z=2z)

(v) Additive inverse (z+—z)=(-z+2)=0

+ Under Multiplication:

(i)  Commutative property (z, z, = z, z,)
(iii) Associative property (z, z,) z; = z, (2, z;)
(iv) Multiplicative identity (z,. 1 = 1.z, =z,)

(v) Multiplicative inverse zw=w.z=1=w=z"

+

Distributive property (Multiplication distributes over addition)

2 (5T 23) =22, T 2, 24
Also, (z, tz,) z; =z, 2, + z, z,
+ Conjugate of x +iyisx —iy

+ Ifz=x+iythen |z = \x*+)’

+  |z—z,|=risthe equation of circle where z
z,toz.

o 18 a fixed complex number and r is the distance from

I
I
I
I
1
1
1
1
|
1
1
I
1
1
1
1
1
1
1
1
1
|
1
1
I
1
1
1
1
! (i)  Closure property (z, z, is also a complex number)
1
|
1
1
I
1
1
1
1
1
1
1
1
1
|
1
1
I
[}
1
1
1
1
! + Polar form of z=x + iy is z=r (cos 0 + i sin 0)
|
1
1
I

Y
here r= /x*+? andtan 0 = =
W r b y X
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De Moivre’s theorems

+ Given any complex number cos 0 + i sin 6 and any integer 7, then (cos 6 + 7 sin 0)" = cos n6 +
i sin n0.

+ Zl/n — },.l/n |:COS(6 Al Zchj +1S1n
n
P| IMPORTANT FORMULA TO REMEMBER |§

+ O=Li'=iit=1i=10"=-i>0?=-1,07"=i
+ Jab = Ja~/p isvalid only if atleast one of @, b is non-negative.
+ Whenz =x +iy andz, = x, + iy, then
2ty =0 X)) il )
2 =2, = 0 =) F i —),)
22 = (0 =y ) Hi yy )
Properties of complex conjugates

JE— zZ—Z

(D) z+z =z+z 6  Im(@)=—
@ z-z =z-z 7 (z_”) = (E)n ,where 7 is an integer.
B zz =2z, (8)  zisrealiffz=;

i i z.#0 4 . . . -
4) | =7% ) z 1s purely imaginary iff z= —»

4 Z
z+z -
(5)Re(2)= 2 (10 . =z
Properties of modulus of a complex number

- al_lal
® 1i-F [l e
@) |z +2z)<|z|+]|z) (6) |Zn| = |z|", where n is an integer

(Triangle inequality)

©NNEEARSEALEA () Re(@) <l

@ |a-z2|al-la] ® me<pH

|Zl _Zz| = \/(xl —x2)2 +(y1 _yz)2

|Zl _Zz| < |Zl|+|22|

+ ||Zl|—|22||S|Zl+ZZ|S|ZI|+|ZZ|
+ ||Zl|_|zz||S|Zl_zz|3|zl|+|22|
+ |ZIZZ| = |Zl| |Zz|
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Chapter 2 = Complex Numbers

Sol.

+

+

+
+

Leta+ib= Jx+iy then

2 2 2 2
_ Na +b” +a _ Jat + bt —
x=4, (X8 TP TE y= |[Nd b” ~a

2 B 2

|Z - Zo| <r represents the points interior of the circle.

|Z - ZO| >r represents the points exterior of the circle.

arg (z, z,) =argz, +arg z,

arg [i] =argz —argz,

2y

arg (Z")=nargz

Alternate form of cos 0 + 7 sin 0 is cos (2kn + 0) + i sin (2kn + 0), k € Z

Euler’s formula

+
+

+

€% =cos 0 +isin 0 or z = re®

If z=7r(cos 6 + i sin 0) then

= l(cose —isin@)
r

z,zy,=r 1y [cos (0, +0,) +isin (0, +0,)]

A - lilcos(0,-0,)+isin(0, -0
rz[cos(l ,)+isin(6, 2)]

)

(cos 6 —isin B)" = cos n0 —i sin n and (cos O + i sin 0)” = cos 10 — i sin nO
(cos 6 —isin B)" = cos n + i sin nO and sin 6 + i cos 6 =i (cos 6 — i sin 6)

l+o+e?+...... +o"'=0
where @ is the n™--- root of unity.
lo.o ..o =1)!

o F=pt= (B)k 0<k<n-1

Simplify the following:
1.

3.

i1947 +i1950 2. i1948 —i_1869

12
2. i" [FRT & May - 2022]

n=1

. 1 v . .
i+ 5. Qi2P... 200
l

10

Zin+50

n=1

i1947 + i1950 - i1944. i3 + i1948. l-2

[.- 1944 is a multiple of 4 and1948 is also
a multiple of 4]

— (1'4)486 . l'2 . l'l + (l'4)487 . l'2 [l4 — 1]
= (1% (1) () + (¥ (=) [ = 1]
—il=1

orders@surabooks.com
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2. {1948 —j 71869 — (Y487 _[;-1868 ;1)
= 1 —[(f)w.l} [it=1]

1
— 11 (s NS P
1-[1.(-)] [oi===-
[One power any number is 1]
=1+

12
3.0 D =@+ RPN @i+ + i)
" + (@404 +i12)
:(l'*lfi'i‘ 1)+(i4+1+i4+2+l~4+3+(i4)2)+
(i8+1 + i8+2 + l'8+3 + (14)3)
=0+ +2+PHYHY+ @ +2+ P+
[ 2=-1,3=—i*=1]
=0+@G-1—-i+D)+@GE-1-i+1)
=0+0+0=0
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4.

U3 (4x14t3) [Hy - 2019; FRT - 2022]
— (i4)14 . l'3 + (l'4)—14 . l'—3
=172+ [cit=1]
=—i+i [P =-iandi?=1]
i l'2 l'3 '''''' l'2000 — l-1+2+3+ ...... +2000

2000x2001 n(n+1
=0 [o1+243+.a= ( )]

2
— l~1000><2001= i2001000= 1

[.- 2001000 is divisible by 4 as its last two
digits are divisible by 4]

Taking °° common we get,
POl PP+ M+ @O+
+i0+ 1]

=50 [0 + (41 + 472 4 43 4 4y

+ (i8+1 + i8+2)]
=00+ 0+i+ 2] [oi+i+P+it=0]
=0 [ -1]=*"2 (i 1)
=i (i-1) [ i*%=1]
=—1(-1)=-i+1=1-

BN EXERCISE 2.2 N\

Evaluate the following if z = 5 -2/ and

Sol.

w=—1+3i

i z+w (i) z-iw

(iii)) 2z+3w @iv) zw

V) ZH2zwin? vi) (+w)?

i z+w
=(5=-2D)+(-1+3)=G-1)+i(-2+3)
=4+i(l)=4+i

@) z-—iw

(iii)

=(5-2i)—i (-1 +3i)

=(5-2i)+ (+i—3?)
=52i+i-3(-1)=5-i+3=8-i

27+ 3w
=2(5-2i)+3 (-1 +3i)=10-4i—3+9i
=(10-3)+i(-4+9)=7+5i
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Sol.

@iv) zw
=(5—2i) (-1 +3i) =5+ 15i + 2i — 6i
=S5+17i-6(-1)=-5+17i+6=1+17i
V) Z2+2zw+n?
=(5-2i)> +2(5-2i) (—1+3i)+ (-1 +3i)
=25+ 4> 20i + 2[5 + 15i + 2i —6°]
+1+92-6i
=25-4-20i+2(-5+17i+6)+1-9-6i
[.-i2=-1]
=21-20i+2(1+17i))-8 —6i
=21-20i+2+34i-8-6i=15+8i
vi) (z+w)
=[(5-20)+ (-1 + 3 = (4 + i)
=16 +8i -1=16-1+8i=15+8i
Given the complex number z=2 + 3i,represent
the complex numbers in Argand diagram.

(i) ziz,andz+iz (ii) z, —iz, and z —iz.
(i) Represent z, iz and z + iz in the Argand
diagram.

z =2+ 3i can be represented as (2, 3)

iz=i(2+3i)=2i+37=2i-3=-3+2i

can be represented as (-3, 2)
z+iz=2+3i-3+2i=-1+ 5i can be represented
as (=1, 5) in the argand diagram.

1

i

(ii) z =2 + 3i can be represented as (2, 3) —iz
=—i(2+3i)=-2i-3>=-2i-3(-1)=3-2i
z—iz=2+3i+3-2i=5+1icanbe
represented as (5, 1) in the Argand place.
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3.

Sol.

Find the values of the real numbers x and y, if
the complex numbers
B-idx—-2-iy+2i+5and 2x + (-1 + 2i)
y + 3+ 2i are equal [Hy - 2019]
Given 3-i)x—(2—-i)y+2i+5
=2x+(-1+2))y+3+2i
=3x—ix—2y+iy+2i+5=2x—y+2iy+3+2i
choosing the real and imaginary parts
Bx-2y+5)+i(x+y+2)=2x—y+3+i(2y+2)
Equating the real and imaginary parts both sides,
we get

3x—2y+5 2x—y+3
3x-2y+5-2x+y-3 =0
x—y = 2
—x+y+2 = 2p+2
—x+y+2-2y-2 =0
= —x—-y=0=>x+y =0

(1)~ (2) we get,
x—) = =2
x+/Z= 0
= 2

= x = —1
Substituting x =— 1 in (2) we get,

U

()

=

()

—“l+y=0=y=1
Lx=—landy=1

S EXERCISE 2.3 \SUN

1.

Sol.

If 7, =1-3i,z,=—4i and z; = 5, show that
) @) T5a=5 161
() (z,2) 23=2, (2, 2y)
0 (@ t+z)tz3=z,+(2,*2,)
Givenz, = 1-3i,z,=-4iandz; =5
LHS = (z,+tz,)tz
= [1-3i+(-4)]+5
= [1-7i]+5=6-17i
RHS = z +(z,+2z)
= 1-3i+(-4i+5)=6-7i
LHS =RHS
Sz tz)tzy = oz (2,1 zy)
() (z,2) 23=2, (2, 2y)
LHS (2,2, z4
=[(1-3i)(—4i)]5=[-4i+12%] 5
=(-4i-12)5=-20i - 60

orders@surabooks.com

LT T T e T T T T T T T T T T T T T T

Sol.

Sol.

RHS =z, (z, z;)

=(1-30) [(—4i)5]=(1-30) (- 200)
=—20i + 60i> = - 20i — 60

LHS = RHS
i)z = oz(2,2y)

If z, =3, z, = 7i, and z, = 5+ 4i, show that

D) 2z, t2)=2,2,%7 2 [July - 2022]
(i) (z,+z)2;=2,2;%2,2,
(1 zl(z2+z3)=z1 z2+z1 23
Givenz, =3, z, =Ti,z;=5+4i
LHS z,(z,+z;)
= 3[-7i+5+4i]
= 3[5-3]]1=15-9i
RHS = z,z,+z z;
= 3(-7)+3(5+40)
= —21i+15+12i
= —-9i+15=15-9i
LHS = RHS
sz (zytz) = zz,tz 2,
() (z*t2)25=2,2;12,2
LHS = (z,*z)z
= B3-7) (5 +4)
= 15+ 12i—35i - 28/
= 15-23i+28=43-23i
RHS = z,z;+z,2,
= 3(5+4)+ (7)) (5 +4)
= 15+ 12i-35i - 28/
= 15-23i+28=43-23i
LHS = RHS
Sz tz)zy = zizytzyz

Ifz, =2+ 5i,z, =3 - 4i, and z; = 1+ i, find
the additive and multiplicative inverse of
25 2, and z,.
Givenz, =2 +5i,z,=-3-4iandz; =1 +1i
Additive inverse of z, is —z, =— (2 +5))=-2-5i
Additive inverse of z, is —z, =~ (-3 - 4i) =3 + 4i
= +)==1-i
Multiplicative inverse of z, is

1 1 2-5i

— = X
zZ, 2+5 2-5i

Additive inverse of z, 18—z

[Multiply and divide by the conjugate of
denominator]
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__2°50 0 2-50 _2-50
22— (5i)’ 4-257 4425
1
= —(2-5i '2:71
5o(275) [ 2=
Multiplicative inverse of z, is
T B L .
z, -3-4i 3+4i  (3) —(4)
-3+4i - j
:_;: 3+4z:L(_3+4i)
9-16i 9+16 25
Multiplicative inverse of z, is
1 I 1-i 1—i 1-i 1
— = X— = =— = —(1-i
z, l+io1-i P=(P) 141 7 (1-4)
1. Write the following in the rectangular form :
0 (5+9i)+(2-4i)
. 10-5i = 1
Ji+t—
@ @ 3+
Sol. () (5+2)+(9i—4i)=7+5i
=7-5i [. Conjugate of 7+ 5iis 7 — 5i]
. 10-5i y 6-2i
@ 2 62
[Multiply and divide by the conjugate of
the denominator]
~ 60-20i-30i+10i*  60—50i—10
6> —(2i)’ 36+4
_ 50-50i _ 50(1—i) _ 5(1—1')
40 40 4
i) <3+ 2+i
n —i 2+i
['.- Conjugate of 3i is — 3{]
.2+ 241 241
=-3i+ = 3+ =3+ "
-7 Ty
_ -ISi+2+i 1442 2 140
5 5 5 5
2. 1Ifz=x+iy, find the following in rectangular

form.
@) Re(%) (i)  Reliz)
(iii) Tm (z+47 —4i)

orders@surabooks.com
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Sol.

Sol.

2
.. Inverse of — =

) x+1y X — ly)
J—Re j
x2 +y

X
x+y

@) Re(

s

". Real part is

i R
[ Whenz=x+iy, z =
=Re (ix — i%y)
=Re (ix +y) [i2=—
=Re (y +ix)
.. Real part is y
(iii) Im B(x+iy)+4 (x—iy)—4i)
=1Im (3x + 3iy + 4x — 4iy — 4i)
=Im Bx+4x+i)(By—4y—4)
=Im (7x+i(-y—4))
.. Imaginary part is —y — 4.

—4 + 3i, find the inverse of

—1y]

1]

Ifz,=2-iandz,=
|
2, %, and = [PTA - 5]
%2
Given z,

212 ©

= 2—iand22:—4+3i

2-i)(-4+30)

= —8+6i+4i-3*

= —-8+10i-3(-1)

= —-8+10i+3=-5+10;f

N |

s ——
212,

_ 1 -5-10i

- X
=5+10:

Inverse of z, 2,

~5-10i
S5—100 (-5) —(10i)
- - -7 [ i2 -

-5-10i
25+100

_ =510
25-1007*

B (-1-2i)

5(29)

|
.. Inverse olez2 is 2—5(—1—21')

1]

-1-2i
25

Zy . Z
Inverse of — is —

—4+3i
2—i

2+

2+

Z Z

—8—4i+6i+3i°

2 (%)
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Sol.

Sol.

_ —8+2i-3 —11+2i
4+1 5

= é(—11+2i)

Z,
. Inverse of — is l(—11+2i)
z, 5

The complex numbers u, v and w are related
1 1 1

by —=—+—.Ifv=3-4iand w=4+ 3i, find
u v ow

u in rectangular form.

1 1 4+3i+3+4i
=t T N A
3-4i 4+3i (3-4i)(4+30)
71— B 7—i
124+9i—16i—12i*  12-7i-12(-1)

T-i T-i
12-7i-12 24-7i
24—7i T+i
u= X
T—1  T+i
168 —24i—49i —7i°  168—25i+7
49 +1 50
175-25i _ 25(7-1) _ (7-0)
50 50 2

1 1 1
_:_+_
u vow

u=—(7-i

~(7-1)

Prove the following properties:
(i) zisrealifandonlyifz= z

(i) Re(z)= % and Im(z) =
[May - 2022]

0 Letz =
Then

Il
=
|
<

z =z
& x+iy = x
Sxtiy—x+iy =0
= 2iy = 0
= y =20

['.- 2 and i are constants]
when y = 0, z = x which is real.

o zispurely real <z = ;
(ii) Letz=x+ iy where x is the Re (z) and y
is the Im (z2).

Then , = x—iy

orders@surabooks.com
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Sol. (i)

n
=" cosE+isinE = "
6 6

z+, = x+tiy+tx—iy=2x
z+z
= x
2
z+z
= Re(2)
2_
Alsoz—z = x+iy—(x—iy)
= x+iy—x+iy=2y
z—z _
— =)
2i
z—z
= Im (2)
2i

6. Find theleast value of the positive integer n for

which (\/3 +i )n . (i) real (ii) purely imaginary.

Letz = (\/§+i)n

o= (V1) - Hﬁ;ﬂ
o |\3 z}"

2 2
[Multiply and divide by 2]

cosn£+isinnz} (1)
p 6l

z =2" {cosni—isinnﬁ} ..(2)
6 6
Since zisreal,z= z

o T T .. T
=2"| cosn—+isinn— =2”[COSVI——lslnn—}
6 6 6 6

[From (1) and (2)]
= 2i sinn> =0=> sinn= =0
6 6
. T . .
= s1nng =sinm [.-sinmt=0]
o—a=sl=1=0=6
6 6
(ii) Since z is purely imaginary
z =—z
22| cos 4 isin 28 =—2n[cosﬂ—isinﬂ]
6 6 6 6
[From (1) & (2)]

nw . nToo .
= COS—+ isik— = —COS—+ iSI—
6 /‘aﬁ;{ 6 /ﬂ%;{
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= 2 cosﬂ =0
6
= T — 0= cost [ cosE—O]
cosn— > >
6 2 2
= n = 3.
7. Show that
(i) (2+i\/§)10 —(2—1\/5)10 is purely
imaginary. [PTA-3; FRT & July - 2022]
19-7i )" (20—51‘)“
.. + .
(ii) ( Y ) e is real.
10
Sol. (i) Letz = ( ) ( z\f)
_ 10
Now 2 = (24i3) (2 lf -3)
10
F = i) - )
[c2-22=2 — 2]
10
= (2—i\/§) ~(2+43)
10 10
- —[(2+iﬁ) ~(2-i3) ]=—
..z = —z = zis purely imaginary
Hence (2+i1/3 )10 —(2-i3 )10 is purely imaginary
 coniqer 07719270 9
= X
(ii) Consider 0t 0ti 9_;
3 171-19i—63i+7i>
(9) -
C171-82i—7  164-82i
81+1 82
82(2—i
800,
82
Al 20-5i 20-5 746
= X
0 76 7—6i  T+6i
~ 140+120i -35i-30i*
72 — (6i)>
~ 140+85i+30  170+85i
49436 85
_ B5(2+) =24
85

orders@surabooks.com
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19-7:)? (20-5i)"
: oo+ o= (2-0) P+ (240)
9+i 7—6i
Letz = 2-)2+Q2+i)"?
LE = (2-0) 7+ (240)°
= (2—i)12+(2+i)12
[ Zl+22 < Z_1+Z ]
= Q2+ +Q2-)t=z
. z = z= zispurely real
A2 Al2
9+i 7—6i

SRR EXERCISE 2.5 SR

Sol.

Find the modulus of the following complex
numbers

) 2i 2—i 1-2i
O 34 @ Tt
(i) (1-9)'° (iv) 2i (3 - 4i) (4-3i)
. 2
@) Letz = 3+ 4i
||_| | R J2? _ 2
344 P4l [Fra2 O+16
_ 2 2
Y250
(ii) Letz = 2=t 122
1+i 1-i
(2-0)(-i)+(1-20)(1+1)
(1+i)(1-4)
_ 2-2i—i+it+1+i-2i =27
12_l~2
_ 2-3i-1+1-i+2 _ 4-4i
2 2
_2(2-2i) Y
2
2—i 1-2i .
1+i 1-i| - “
2l = 22 +(-2)
= J4+ =\/§=2\/5
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THEORY OF EQUATIONS

L]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

a4

y| MUST KNOW DEFINITIONS |\§

+  For the quadratic equation ax> + bx + ¢ =0,
(i) A=b*—4ac> 0 iff the roots are real and distinct
(i) A= b*>—4ac <0 iff the equation has no real roots

Fundamental theorem of algebra :

+ Every polynomial equation of degree » has at least one root in C.

Complex conjugate root theorem :

+ Ifa complex number z is a root of a polynomial equation with real co-efficients, then complex
conjugate z, is also a root.

+ Ifp+ \/E is a root of a quadratic equation then p — \/E is also a root of the same equation
where p. ¢ are rational and \/5 is irrational.

+ If \/; + \/5 is a root of a polynomial equation then \/; - \/— , —\/; + \/E , and—\/; —\/E are

also roots of the same equation.

If the sum of the co-efficients in p(x) = 0. Then 1 is a root of p(x).

If the sum of the co-efficients of odd powers = sum of the co-efficients of even powers, then —1 is
a root of p(x).

Rational root theorem :

+ +

+ Leta,x"+ .. +ax+a,witha #0,a,# 0 be a polynomial with integer co-efficients. If L
with (p, ¢) = 1, is a root of the polynomial, then p is a factor of @, and q is a factor of a,

Reciprocal polynomial :
+ A polynomial p(x) of degree  is said to be a reciprocal polynomial if one of the conditions is true

1 1
D pkx)=x" P[ ] (i)  pl)=-x" P[ ]

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
— — 1
X X 1
1
1

+  Achange of sign in the co-efficients is said to occur at the j" power of x in p(x) if the co-efficient of
x/* 1 and the co-efficient of x/ (or) co-efficient. of x/~!, the co-efficient of x/ are of different signs. ,
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y| IMPORTANT FORMULAE TO REMEMBER [N 1

+ Vieta's formula for quadratic equation

IfoL,Baretherootsofax2+bx+c=OthenOHrBI—é amdow[3=E
a a

1
i
:
1
1
1
1
Also, x> — x (sum of the roots) + product of the roots = 0 1

1

+ Vieta's formula for polynomial of degree 3. I
Co-efficient. of x> = —(a + B + y) where a, B, 7y are its roots :
Co-efficient of x =a B + v+ yo and constant term=—o. Y |

+ Vieta's formula for polynomial equation of degree n > 3 |
Co-efficient of x" ' =X, =X, !
Co-efficient of X2 = ,=-ZXo0, |

:

:

I

I

|

1

|

1

1

I

:

1

1

Co-efficient of x" 3 =%, =% a, a, a,

Co-efficient of x=%  =(-1)"'Za,0, @ ,

Co-efficient of x° = constant term = L =D"o ... 0
A polynomial equation a x" +a | X+ ax+a,=0(a,#0)is a reciprocal equation iff
one of the following statements is true.

() a,=aga, ,=a,a, ,=a,...

(i) a,=-aya a,a, ,=-a

n-1 = - Dyeeenesa

Descartes rule:

+ If p is the number of positive zeros of a polynomial p(x) with real co-efficients and s is the
number of sign changes in co-efficient of p(x), then s — p is a non negative even integer

*
m Hence, the volume of the cuboid equation is

X - 21x2 tXx— ¥3
1. If the sides of a cubic box are increased by
1, 2, 3 units respectively to form a cuboid, then
the volume is increased by 52 cubic units. Find
the volume of the cuboid. [Aug. - 2021]
Sol. Let x be the side and V be the volume of the
cube, then volume of the cube
V = xxxxx=x>

1
L}
I
| = (=6 +(11)x —(—6)
! X+ 6x2+11x+6
. LVAS2=0 +6x7 +11x+6
| ¥ +52=x+6x2 +1lx+6
! ¥ H6ex? F1llx+6—x> —52=0
: 6x> +11x—46 = 0
| (6x+23)(x—2)=0
If the sides are increased by 1, 2, 3 units, , 6x+23=00rx—2= 0
Volume of the cuboid is equal to volume of the ! 6x +23 = 0 gives,
cube increased by 52 I 6x = —23
I
L}
I
1
1
L}
I
1
1
L}
I
1
1
é

V+52 = (x+1)x(x+2)x(x+3) 23
If o, B, and 7y are the roots, then If o =—1, =2 X = e is impossible
and y=-3.
I = (atB+y)
-1-2-3=-6
L, = (@fp+oay+Py)
DE2) + (CDE3) + (-2)(-3)
=2+3+6=11
=, = (OBy) = (-1)(2)(-3)=-6

Sox—2 = 0 gives,
x=2
Substituting x = 2, volume of the cuboid
A%

Q+1)x(2+2)x(2+3)
(3) x (4) > (5)

60 cubic units.
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2. Construct a cubic equation with roots
i 1,2,and3 (i) 1,1,and -2
(iii) 2, %and 1 [FRT - 2022]
Sol. (i) 1,2,and 3
Given roots are 1,2 and 3
Herea=1,f=2and y=3
A cubic polynomial equation whose roots are
a, B, yis
X —(a+ By +(af+ Pyt x—aBy=0
= ¥P-(1+2+)Nx+Q2+6+3)x-6=0
= X-6x?+11x-6=0.
(i) Herea=1,B=1andy=-2
.. The required cubic equation is
P-(1+1-2)x>+(1-2-2)x—(1)(1)(-2)=0
¥ -0 -3x+2=0
¥ -3x+2=0.
(iii) Herea=2,p3= % and y=1
.". The cubic equation is
- (2+l+1jx2+ (1+l+2jx— 1 =0
2 2
= 23 -Tx*+7x-2=0
3. [Ifa,andy are the roots of the cubic equation
x> +2x? + 3x + 4 =0, form a cubic equation
whose roots are 111
(1) 20, 23, 27, [Hy - 2019] (i) By
(i) —o, — B, -y
Sol. The roots of x> +2x2 +3x+4=0are a, B, y
s o+ B+ y=— co-efficient of x*> = — (D)
aff + By +ya = co-efficient of x =3 ..(2)
—afy=+t4=0aBy=-4 - (3)
(i) Form a cubic equation whose roots are 2a., 2[3 2y
20+2B+2y=2(a+B+y)=2(-2)=4
[from (1)]
40P + 4By + 4ya=4 (of + By tya) =4(3) = 12
[from (2)]
(2a) (2B) 27) =8 (aPy)=8(-4)=-32
[from (3)]
.". The required cubic equation is
x¥ = (2a+ 2B + 2y) x? + (4aP + 4By + 4ya)
x= (20) (2B) 21 =0
= ¥ —(4x*+12x+32=0
= X+4>+12x+32=0
(i) Form the cubic equation whose roots are
111
aBy

orders@surabooks.com
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1 1 1 _ By+yo+ap_3 _—3
o By By —4 4
LI _yto+p_—2 1
afp Py yo aBy -4 2
iyny_ 11
) -

.. The required cubic equation is

{1.1.1} ~0
o By
3 > 1 1
=Sx +-x"+=-x+—- =0
2 4
Multiplying by 4 we get,

43 +3x%2+2x+1 =0

(iii) Form the equation whose roots are o. — § —y

=
=

4.

0By =~ (a+B+y)
= (2)=2
of +By+yo = 3
(0)(B)(-1) = - (ah1) = (4 =4
3The required cubic equation is
X —=(-a=B-y)x* +(ap+py+ya)
x=[(—a)(-B)(-7)]= 0
x3—(2)x2+3x—4 =0
¥ -2 +3x—4 =0
Solve the equation 3x® — 16x? + 23x — 6 = 0 if
the product of two roots is 1.

Sol. Given cubic equation is 3x> — 16x? + 23x — 6 =0

x3

Let a,—and vy be the roots of the equation
o
[ .- product of two roots is 1]

Sl By (1)
3 3)6
Comparing (1) with
(a+1+y) ( 11 J)‘ |
Ho—+—y+yo | —g—-y=0
o o o
.(2)
we get,
oc+l+y _ 16 ..(3)
o 3
l+l+ya - B
a 3
1
oa-—y = 2=y=2 ..(4)
o
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Substituting Y= 2 in (3) * 6. Solve the equation x> — 9x* +14x + 24 = 0 if it
1 16 : is given that two of its roots are in the ratio
oc+a+2 -y ! 3.2,
16 16—6 10 ' Sol. Givenx®—9x?+ 14x+24=0
= OH-E T 3T Ty T : Two of its roots are in the ratio 3 : 2
- o+l _ 10 | Leta: = 3:2
o 3 : o 3
- 10 E § 2
/9\ | ~ 20 = 3P
. Comparing with x* =% x* + 2, x = 2, =0
10 -1 ! L, = (@+B+y)=9
0 1 ! Z, = (af+oy+Py =14
3 3 | I, = (ofy)=-24
1 4
B B o )
302+3 = 10a : Substituting 20, = 38
302-100+3 = 0 ! 3p+2p+2y = 18
Ga+10) Ga—1)=0 | 58+2y = 18
~10 | 2y = 18-58 .. (1)
@ = T(or) ! From offy = —24
1 I 208y = —48
“ =3 | Substituting 20 = 3
10 . ! (BpPy = —48
o = KN is not possible = a.= 30 3B%y = —48
-10 . : By = 16
[.a= 3 will not satisfy (5)] , Multiplying by 2, B2y = — 32
- The roots are 3 1 2. | Substituting 2y=18 — 5
B '3 : BX(18—5B) = —32
5. Find the sum of squares of roots of the ! 18B%—5B° = —-32
equation 2x* — 8x3 + 6x2 -3 =0. [PTA-2] , SB3-18B2-32 = 0
Sol. Given equation is 2x* — 8x* + 6x> -3 =0 : B-4(R+2p+8) = 0
Herea=2,b=-8,c=6,d=0,e=-3 ! B—4=0,gives p=4
Let o, B, v and d be the roots of equation (1) | Substituting B =4 in 200 = 33
Then by Vieta's formula, | 200 = 3(4)

_ _(— | =
21=oc+[3+y+6=7b=—<28)=4 ! __.23: éz
22=GB+OW+OL5+BY+[35+Y5:£:§—3 ! Substituting =4 in 2y= 18 — 5

a 2 ! 2y = 18—54)
—d 2y = 18-2
23=aBy+aB6+ay8+By8=7=g=0 E 212 _2; 0
e =3 1 sy = -1

2, = ofyd = a - B3 | Hence the roots are 6, 4 and —1
Now, (a+b+ctdy =a* +b* + >+ d* +2 L7, Of o, B and 7y are the roots of the polynomial

(ab +ac+ad+bc+bd+cd) equation ax® + bx* + cx + d = 0, find the value

= P +pPHy 48’ = (OL +P+y+ 6)2 : of Zi in terms of the coefficients.
2(af+oy+ad+py+ps+v3) ! By
02+ +y2 +62=42-23)=16-6=10 ! Sol. Given a, B and y are the roots of ax® + bx2d+ cz)c
3 ta=
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’
catBy = —b ! Product of the roots = (a.+B+7+3) (OLByS)
a ! =5 —20
c - == |4)=— =-10
ap +Py+yo = — - 2 2
“ y : .. The required quadratic equation is x> — x
afy = — | (sum of the roots) + product of the roots = 0
a | 2 3
= x"—x|=|-10 =0
Now, §°% - @ B v | [2]
By By vo aB L = 22-3x-20 =0
1
_ ol + Bz + yz ! 9. 1If p and ¢ are the roots of the equation
- 1
afy ! b2+nx+n=0, showthat\/7 \/7 \/7
(oc+B+y)2 —2(oc[3+[3y+y(x) 1
= ' Sol. Given p, g are the roots of x> + nx + n =
aPy 1
2 : o M _n
[_b] _2[‘3 . ptq ; ~ and pq p
_ a a ! s
- d : —n
- ! . (p+q)2 A w1 on
a I Consider = = X—=—
2 ! Pq ny > n |
2 o b =2 -a !
= j —
d a* d Taking square root on both sides
- 1
a 1 2
(r+9) \/;
2 _ 2 1 — —_
Yo [P -2ae) @ ! q !
By ad p ! L (prg) _ \/Z
1 == N /
8. [Ifa, B, yand d are the roots of the polynomial | \Pq
equation 2x* + 5 - 7x? + 8 = 0, find a , , (p+q) _ |n
quadratic equation with integer coefficients ' Consider —=— g 7
whose roots are o+ 3 +y+dand oy YO I
Sol. Given polynomial equation is [Sep - 2020] | - (r+tq) _ _ \/Z
2 +53 -T2 +8 =0 | \Pq !
Herea=2,b=5,¢c =-7,d=0,e=38 I p q \/;
. 1 1 -~ Y = — —
By Vieta's formula, L s | / g / g /
a+B+y+d=— = —
Bryvo= =3 \f f JZ _ 0
c =7 !
aftoy+tad+Py+PS+y0 = —=— !
p+ oy Pr+ oy a 2 ! Hence proved.
—d .
apy+apd+ayd+Pyd :7:0 ' 10. If the equations x> + px + ¢ = 0 and
e 8 ! x? + p’x + ¢’ = 0 have a common root, show
apys=— =-=4 | pe P, 4-4
. : a. | that it must be equal to p
Given roots of the quadratic equation are X q—q p p’
a+p+y+dand afyd ! Sol. Given equation are x* + px + ¢ =0 (D)
2 ’ A
. — (0+B+v+8 5) ! andx*+p’'x+4q¢ =0 .(2)
- sum of the roots = (ot+B-+y+3) (OLBY ) : Let a be the common root for (1) and (2)
(=5 4 =548 3 | Sl +potqg =0 ..(3)
B R A S | anda’+p at+q =0 (4
é
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INVERSE TRIGONOMETRIC
FUNCTIONS

y| MUST KNOW DEFINITIONS [N

+  fis periodic if there exists p > 0 such that for all x in the domain of £, x + p is in the domain of fand ,
ot p) =) |
The smallest of all such number is called the period of the function f. I
A real values function f is an even function if for all x in the domain of /, —x is also in the domain of ,
fand f(x) = £(x). |
+  Areal values function fis an odd function if for all x in the domain of £, —x is also in the domain of 1
fand f{—x) = —f(x).

Amplitude of a function is the height from the x-axis to its maximum or minimum.
The period is the distance required for the function to complete one full cycle.

- T

+  Theinverse sine function sin”': [-1, 1] — [7 5 ] is defined by sin!(x) = y ifand only if sin y=x and

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 yE [—TY TY]
1 —_—,
1 2 2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

- T
—_—,—

> 2:‘is defined by tan"'(x) = y if and only if

+  The inverse tangent function tan™' (—o0, c0) — [

~and [—_“3]
tany=xand y € )

+  The inverse cosecant function cosec™': (o0, —1] U [1, o) [_

o)

,O] U [0,%) is defined by
cosec '(x) =y if and only if cosec y=x and y € [—77:,0) U |:0,

)

} is defined by sec!(x) = y

o |2

+ The inverse secant function sec': R\(-1, 1) — [0, n]/{

o3

whenever sec y=xand y € [0, 7]/ {g}

+  Theinversecotangentfunctioncot!: (—o0,00)— [0, 7] isdefined by cot !(x)=yifandonlyifcoty=xand
ye [0, n].
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y| IMPORTANT FORMULAE TO REMEMBER |§

Properties of Inverse Trigonometric Functions

+ Property-1
T T
(i) sin'(sin©)=0,if6 € [7,5] (i) cos'(cos0) =06, if0 € [0, m]

—T T
(iii)) tan’'(tan©) =0, if0 € (7»5) (iv) cosec!(cosec0) =0, ifO e [?ag}\ {0}

(v) sec!(sec9)=6,if0 [0, n]\{g} (vi) cot!(cot®)=0,if0 [0, m]
+ Property-II
(1)  sin(sin'x) =x, ifx € [-1, 1] (i) cos(cos'x)=x, ifx € [-1, 1]
(iii)) tan(tan'x) =x, ifx e R (iv) cosec (cosec'x) =x, if x € R\(—1, 1)
(v) sec(sec'x)=x,ifx e R\(-1,1) (vi) cot(cot'x)=x, ifxeR
+ Property-III (Reciprocal inverse identities)

1 1
(i)  sin! (;) = cosec x, if x e R \(-1, 1) (i)  cos! (;) =secx, ifxeR\(-1, 1)

1 cot ' x ifx>0
(i) tan'| — | =

X —m+cot'x if x<0

Property-IV (Reflection identities)
(i) sin'(—x)=-sinx, ifx € [-1, 1]
(i) tan!(-—x)=-—tan'x,ifxeR
(iii) cosec™!(—x) =—cosec'x, if [x| =2 1 or x € R\ (-1, 1)
(iv) cos!i(—x)=m —cos'x, if x € [-1, 1]
(v) secl(—x)=m—seclx,ifx>1or xeR\ (-1, 1)
(vi) cot(—x)=m—cotlx,ifxeR

Property-V (co-function inverse identities)

(i) sin'x+cos'x= g ,xe[-1,1] (i) tan'x+cot'x= g ,xeR

(iii) cosec'x +sec'x = g ,xeR\V(—1, Dorl|x =1

Property-VI

(i) sin'x+sin'y =sin’! (x\/l -y* + y\/l —x2 ) , where either x2 + 3> <1 or xy<0

(if) sin'x—sin"'y =sin! (x\/l -y’ - y\/l -x ) , where either x>+ 3> <1 or xy>0

(iii) cos™'x + cos'y =cos™ [xy —1-x? 41— yz] ,ifx+y20
(iv) cos'x—cos'y =cos’! [xy N V1= y2 ] ,ifx#y
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(v) tan'x+tan'y =tan’' xry J ,ifxy <1

1—xy
x —
(vi) tan'x —tan'y =tan' s ) ,ifxy>—1
Property-VII
) 2x
(1) 2tan'x=tan"' , I <1

O
et

(ii) 2tan'x=cos (

N+

(iii) 2tan'x = sin™! (1

+

Property-VIII

1 1 1
i) sin! ) 2sin'x, if[x|< —= or——F—= <x< —
0 sin 201~ N N )
1
(i) sin! ( xvV1— ) 2cos'x, if E <x<1

Property-IX
(1) sin'x=cos!\[]—x%,if0<x<1

(i) sin'x=-cos!{1-x2,if-1<x<0

},if—1<x<1

(iif) sin1x=tan1( al
V1-x2

iv) cos'x= sin! \[]—x%,if0<x <

i ! in! 2,if0<x<1

(v) costx=A-sin! \[]— 2 ,if-1<x<0

(vi) tan“x=sin‘( al ]=cos'[ ! ),ifx>0
V1-x* V1-x?

Property-X

(i) 3sin'x=sin!'(Bx—-4x),x¢ [—%,%]

(i) 3cos'x=cos™ (4%’ —3x), x € [l,l]
2

+ The period of f=g + A is 1 cm {period of g, period of /}, whenever they exist.

+  The graph of an even function is symmetric with respect to origin and the graph of an even
function is symmetric about y-axis.
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SRR’ EXERCISE 4.1 NSRS

1. Find all the values of x such that
(i) 10t <x<10m and sinx =0

(ii) 3t <x <3mand sin x=—1.
Sol.

(i) Givensinx=0

= sinx=sin0 SX=HN,NE Z.

Since —10n < x < 10m, n can take the values only

from —10 to +10.

~.x =nm, where n = 0,+1,+2,43,+4, £5, 46,

+8,+9, £10
(i) sinx=-1
RIE

272

. . —T _ — T
= smx=Sm| — | =>x= —
2 2

+7,

Sx=(@n-D) ZoneZsx=@n-1) 2,

n takes the values 0, £1,

2. Find the period and amplitude of

(i) y=sinTx (ii) y = — sin (l x)
(i) y = dsin(-2x) . 3
Sol.
(i) Given y=sin 7x

The amplitude of sin x is 1 [Max of sin curve is 1]

= amplitude of sin 7x is also 1.
If p is the period of the function,

then fix + p) = f(x).

Since the period of sine function is 2n. The

. . ' . : 2 .
period of sin 7x is 277‘ since sin 7 (Tﬁ) = sin 2.

(ii) The amplitude sin x is 1

= amplitude of —sin(% x] is also 1.

The period of—sin(%x) is %x =2n= x=6m.

(iii) The amplitude of sin x is 1
= amplitude of sin (-2x) is 1.
- Amplitude 4 sin(-—2x) is 4 x 1 =4.

The period of sin(-2x) is 2x =2n => x = —

orders@surabooks.com
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3. Sketch the graph of y = sin(%xj for 0 <x<o6m.

Sol.

4.

Sol.

3n

X 0 g T 7 27 7‘ 61
Isin (%x] 0 |sin ( J [g) sin [; 32“] sin zeﬂ)sm (; Szw sin 27
yolo| 318 0 b £ 0

Plot the points (0, 0) (% 1), [ V3 ,(37; 1)’
272 ) 2

5 ¥3 ), (3% 1) and (6m, 0)
) 272
YA
1 4
3
-
—
T & 7 % I % o
2 2 2
Find the value of

(i) sin™! [sin 27 j
(i) sin™! [sm D
(i =sin’! (sin(ﬂ - g )J

=sin’! (sin

T
3

T
3
T

1

(i) =sin™ (Sil’l(”ﬂ + % ))
Y P
=sin”'| SN n

For what value of x does sin x = sin"'x?

5.

Sol.

Ludl

Lety

When y

sin(0)
sin 0
X

sox=0,sinx=sin"'x

[PTA - 3; March - 2020]

is the prmmpal domain

of sine function]

S 9
2 2

45

T |:—1T T
- e |—,
4 22
sin”'x
0,0=sin"'x
sin(sin'(x))
X

0

;

[Aug. - 2021]
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DISCRETE MATHEMATICS

y| MUST KNOW DEFINITIONS [N

+ Abinary operation * on S is defined as follows: Va,be S,a* bisuniqueanda * b e S

+  Abinary operation * defined by *: S x S — S; (a, b) = a * € S must always lie in the given set and
not in the complement of it. Then S is closed with respect to *. :

+ A binary operation * defined on a non empty set S is said to satisfy the commutative property if
a*b=b*aVabeS

+ Ifa*(b*c)=(@*b)*cVa, be S, then S is said to satisfy the associative property.
+ Anclement e € S is said to satisfy the identity element of sif Vae S, a *e, =e ¥*a=a.

+ Ifforeverya e S, there exists b in S such thata * b =5 * a = e then b € S is said to be the inverse

element of a.

+ Inan algebraic structure, the identity element and the inverse of an element must be unique.
+ A Boolean matrix is a real matrix whose entries are either 0 or 1.

) 1 if eithera, =lorb, =1

+ JointofAand B,AvB= [al.j] v [bl.j] = [al.j v bl.j] = [cl.j] where c; = {0 if botha, =0, b, =0

> T

0 if either a; =0,b.=0

>y

+ MeetofAand B, AAB= [al.j A bij] = [cl.j] where ¢, ={

+ Addition moduls »

Leta, b € Zn. Then a + b = the remainder of a + b on division by .
+  Multiplication moduls »
Leta, b € Zn. Then a x b = the remainder of @ % b on division by 7.

+ A statement is said to be a tautology (II) if its truth value is always T irrespective of the truth
values of its compound statements.
+ A statement is a contradiction (IF) if its truth value is always F irrespective of the truth value of
its compound statements.

+  Adual is obtained by replacing Il by F and F by 11

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
. 1
1 if botha; =15, =1 "
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

r
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
.
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’
+  Truth table for negation ~ .+ Truth table for p — ¢ (conditional statement)
1
T D
T F !
F T : T F F
X F T T
| F F T
+  Truth table for AND (A) conjunction .+ Truth table for p <> g (bi conditional statement)
P q PAg : P q Pey
T T T : T T T
T F F : T F F
F T F : F N F
F F F ! F F T
+  Truth table for OR(v) Disjunction E + Truth table for p ¥V ¢
p q J A : p q rvyq
T T T . T T F
T F T ! T F T
F T T ! F T T
F F F ! F F F

[ ]

+ Any two compound statements A and B are said to be logically equivalent if the columns
corresponding to A and B in the truth table have identical truth values. (A = B) or A < B.

+  Laws of equivalence.

1. Idempotent laws:  ()pvg=p (i)pArg=p

2. Commutative laws: (i)pvg=qvp (i)prg=gArp

3. Associative laws:  (i)pv(gvr)=(@vqg Vvr () pa(@gan=pag)ar

4. Distributive laws:  ())pv(gar)=( v Arpvr) ({)pa(gvr)=@Earq Vv pnar)
5. Identity laws: ()pvT=TandpvF=p (ilpAaT=pandpAalF=p

6. Component laws:  (§) pv ~p=Tandpa~p=F (i)~ T=Fand~F=T

7. Involution law : (Double negation law) ~(~p) =p

8. DeMorgan's law: O)~@PArg=~pVv~q )~pvg) =~pAr~q

9. Absorption laws: Opviparg=p iprpveg=p
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1. Determine whether * is a binary operation on
the sets given below.
(i) a*b=a.|blonR.
(i) a*b= miri/@, b) on A ={1,2,3,4,5}
(iii) (a*b) =a+/b is binary on R.
Sol. (i) a*bh=a.|bjonR.
Givena*b = a-|bjonR.
Leta, b e R.
Thena *b = a.|ble R.
Sincea.|b| = abifb>0=-abifb<0
~a*b) = a.|lbleR
So,* is a binary operation on R.
(ii) a*b=min (a,b) on A={1,2,3,4,5}
Leta,be A
Then min (@, b)) = aorbanda,be A
sa*b = min(a,b)e A
So,* is a binary operation on A.
(iii) (a*b)=a-/p is binary on R.
Leta,be R
[ Square root of negative numbers does
not belong to R]
a*b = aJbe Rifb<0
So,* is not a binary operation on R.
2. On Z, define * by (m * n) = m" + n™ : Vm,
ne Z.Is * binaryon Z ? [PTA -3]
Sol. Givenm *n=m"+n"Vm,ne 7Z
Letm,ne Z
Considerm = -3, n=2
. * — 32+2—3 _9+l_72+1_2
som*n=(=3) 2oteT g —Sé
. *1is not a binary operation on Z.
3. Let* bedefined on R by (a*b)=a+b+ab—17.
Is * binary on R? If so, find 3 * (;—;j .[PTA-2]
Sol. Givena*b=a+b+ab-7 [May - 2022]
Leta, be R
a*b=a+b+ab-7€ R,
". * is binary operation on R.
-7 7 i =7
s+(2) = s-Lea(ZL)0
15 15 5 s ) -
[Here a=3, b= 1—]
-3 1 T
15 5
~ 45-7-21-105 88
- 7 88 15 15
s 15
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4. Let A = {a+~/5b:a,beZ}. Check whether
the usual multiplication is a binary operation

onA.

Sol.

[PTA - 5]
GivenA = {a+ /5b,a,be z}
LetC = a+ \/gb,

B=c+.5de A

where a, b, ¢, d € 7

["ac+5bde Zand ad + bc € 7]
(@+5b). (c+ 54

ac+ 5ad+cb\/§ +5 bd
(ac+5bd)+ [5 (ad+bc)e A

B

C.Be AVa b cdelZ
.. Usual multiplication is a binary operation on A.

5. ()

(i)

Define an operation*on Q as follows :

a*b = (a;rbj; a, b € Q. Examine the

closure, commutative, and associative
properties satisfied by * on Q.

Define an operation*on Q as follows:

a*b = (a;rbj’ a, b € Q. Examine the

existence of identity and the existence of
inverse for the operation * on Q.
[Aug. - 2021]
a+b

Sol. (i) Givena * b= —— Va,be Q.

(0]

(i)

(iii)

2
Closure property:

Leta,be Q

La*bh = athb

26@

['.- Addition and division are closed on Q.]

* is closed on Q.
Commutative property :

Leta, be Q
Thena *b = a+b=b+a=b*a
2 2
s.a*b = b*a Va,be Q

- ¥ is commutative on Q.

Associative property :
Leta, b, ce Q
a*b*c) = (a*b)*c
Leta = 2,b=3,c=-5
3-5
La*(b*c) = 2*(3*—5)=2*(T)
_ " % _ 2+(_1)_l
=2*(-1)= ) (1)
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Sol.

Now (a ¥ b)*c = (2*3)*(-5)
5
(22) e -2 e 2
2 2 2
_5-10 -5
From (1) & (2),a*(b*c)#(a* b) * ¢
.. * 1s not associative on Q.
a+b
(i) Givena*b = ,wherea, be Q
Leta,be Q
An element ¢ has to found out such that
a*e=e*a=a.
Leta = 5,Then5*e=5
= 2T 5 54e=10
o2 .o 2
eta = 3.Then— e= 3
2
3 +e ) ) 4
= > T3 25ty
4 2 2
= ¢~ 37373
Since identity differs for every element, the
identity does not exist for Q.
.. * has no identity on Q.
.. * has no inverse on Q.
Hence, identity and inverse does not exist for Q
under the given binary operation *.
Fill in the following table so that the binary
operation * on A ={a,b,c} is commutative.
* a b c
a b
b c b a
c | a c
Given * on A is commutative
Givenb*a=c=a*b=c
Givenc*a=a=a*c=a
Givenb*c=a=c*b=a
Hence
* a b c
a b c a
b c b a
c a a c
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7.

8.

4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
é

Sol.

Sol.

Consider the binary operation * defined on
the set A ={a,b,c,d} by the following table:

* a b c d
a a c b d
b d | a b c
c c d | a a
d | d b a c

Is it commutative and associative?
Given A= {a, b, ¢, d} and * is defined as follows.

* a b c d
a a c b d
b d a b c
c c d a a
d d b a c
From the table,
i) a*b=candb*a=d

= *is not commutative on A.

Letus verifya * (b *c)=(a* b) *

= a*b)=c*c

= c#a

No. The given operation is not commutative and
associative.

(ii)

1 010 01 01
LetA={0 1 0 1,B=|1 0 1 0,
1 0 01 1 0 01
1101
C=/0 1 1 0| be any three boolean
1111
matrices of the same type. Find

@i AvB (i)
(iv) (AAB)VvC.

AAB  (iii) (AVB)AC

1 01 O 01 0 1
GivenA=|090 1 0 1/.B=|1 0 1 0
1 0 0 1 1 0 0 1
1 1 0 1
andC={0 1 1 0
1 1 1 1
(i)AvB
1 01 0 01 0 1
=10 1 0 1{Vv|1l O 1 O
1 0 0 1 1 0 0 1
IvO 0Vl 1v0 0Vl 1
=|lovl 1v0 0Vl 1VvO0 1
IVl 0vO0 0VO IVJ 1001
[ a v b=max(a, b)]
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Sol.

(ii))AAB
1 010 0 1 01
=01 0 1|A~|1 0 1 O
1 0 0 1 1 0 0 1
INO OA1 1AO0 OA1 00 00
=|0A1 1A0 OAl 1/\0} 00 00
INT OAO OAO0 1AL 1 0 01
["a Ab=min (a, b)]

(iii) (AVvB)AC

From (1),
I 1 11 1 101 1 1 0 1
I 11 1|~10 1 1 0f=({0 1 1 O
1 0 01 1 111 1 0 0 1
(iv) (AAB)vC
From (ii)
0 000 1 0
0 00 Ofvfo 1T 1 0
1 0 01 11
1 10 1
(AAB)vC=]0 11 0
I 111

(i) Let M={[x x):xeR—{O}} and let
X x

* be the matrix multiplication. Determine
whether M is closed under*. If so,
examine the commutative and associative
properties satisfied by * on M .

(i) LetM = {[z jj :xeR- {0}} and

let * be the matrix multiplication.
Determine whether M is closed under *.
If so, examine the existence of identity,
existence of inverse properties for the
operation * on M .

(i) Given M = {@ j:xeR—{O}} and *

be the matrix multiplication.

X X y y
LetA= Y and B= vy eM

where x, y € R — {0}.

orders@surabooks.com
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. X x (y yJ
A B = X x y y
2xy  2xy
\2xy 2%y €M
[ 2xye R—{0}]
.. M is closed under *.

Commutative property:
2xy  2xy

Weknow A*B = ) (1)
2xy  2xy

vy y\(x x
)
Xy+xy  xy+xy
xy+xy xy+ xy)
2xy  2xy

2xy 2xy]

From (1) & (2),A*B=B* A

.. * has commutative property on M.

Letx,ye R — {0}
Now B *A =

Associative property:

X x
LetA = ],
X X
y oy
B = Jand
y oy
z z
C =
z z

forx,y,ze R— {0}

(A*B)*C

2xy 2xy (z zJ

2 xy 2 xy) ¥ z z
2xyz+2xyz  2xyz+2xyz

- (2xyz +2xyz 2xyz+ 2xyz]

_ 4z Axyz
4xyz  4xyz

2yz 2yz
A*(Zyz ZyZJ
(x x)*(2yz 2yz)
X X 2yz 2yz
4xyz  4xyz
- (4xyz 4xsz

(1)

Now A * (B * C)

(2)

From (1) & (2),(A*B)*C=A* (B * ()
.. * has associative property on M.
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(ii)) (1) Closure Then * A*Al =AT*A=E
(x x) v o) (! x! e e
LetA = Y x and ¥ ox) |l e e
y oy 1 1
B = (y y) :x,y € R—(0). 2ol 2! 5 5
x x\(y vy 2ot 2wt |1
Now, AB = 5 5
x x)\y vy
1
[t ity 2xx7! =3
Clw+xy x+ay ]
-1 _
_ 2xy 2xy oM X Ax’ eR—(0)
2xy  2xy 1 > o
Since, x, y € R —(0) gives xy also y € R —(0) ¢ _26 -
1 1
So,ABye M=>A*Be M —,
- % is closed on M 5 4x  4x |, .
<. 718 closed on M. A= 1|18 the inverse of Ae M
(2) Existence of Identity : — gt
4x 4x

.. * has inverse on M.

10. (i) Let A be Q \ {1}. Define * on A by
x*y=x+y—xy.Is * binary on A ? If so,
examine the commutative and associative
properties satisfied by * on A .

(ii) Let A be Q \ {1}. Define * on A by
x*y=x+y—xy.Is * binary on A ? If
so, examine the existence of identity,
existence of inverse properties for the
operation * on A .

X x
LetA = and

X X

e ¢ . .
E = ( Jbe the identity,
e e

’
1
1
1
I
1
1
1
1
1
:
1
1
1
1
1
\
1
1
:
1
1
1
1
1
\
1
1
I
1
1
1
such that : @, e € R —(0). |
Hence M = (A, E) 1
Now,A*E =E*A=A |
1

:

1

1

1

1

1

:

1

1

1

1

1

:

1

1

|

1

1

1

1

1

:

1

1

:

1

1

1

1

1

1

&

[ A I
-

%=

= ox o= o=

x] Sol. (i) GivenA={Q\{1}}
X Ais definedonAbyx*y = x+y—xy.
2xe = Letx,y # 1
2e = Sx*y = xt+ty—xy
1 Now to prove thatx +y—xy # 1
4 EER_(O) Let us assume thatx +y —xy = 1
11 x+ty—xy—-1 =0
R R N (-D=ya-1) = 0
E= ] is the identity € M G-1D(-y) = 0
5 5 x=1ory=1 which is a false [x,y#1]

.. Our assumption is wrong.
Sxty—xy = 1
* is a binary operation on A.
Commutative property:
Letx,ye A=ux,y 1
SLx*y = x+y—xy
andy*x = y+x—yx
S>x*y=y*xVx,ye A
A has commutative property under *.

.. * has identity on M.
(3) Existence of Inverse :

H

X x
LetA = Y x and
X

be the inverse of A.
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INSTANT SUPPLEMENTARY EXAM - JULY 2022

Part - III
Mathematics (with answers)

Reg. No.

[ Maximum MaRrks : 90

Instructions :

(1)  Check the question paper for fairness of printing.
If there is any lack of fairness, inform the Hall
Supervisor immediately.

(2) Use Blue or Black ink to write and underline and
pencil to draw diagrams

PART -1

Note: (i) All questions are compulsory.

(ii)) Choose the most appropriate answer from the
given four alternatives and write the option
code and the corresponding answer.

20 x1=20
34
1. IfA=|5 3 |and AT=A"! then the value of x is :
x 2
5
-3 3

@ = 0 = ©:> @ 2

5 5

2. If A is a non-singular matrix such that

A= [ > 3]then (AT =
-2 -1

@ |73 (b) [ > 3}
2 1 -2 -1
-1 =3 _
2 5 3 -1

3. Ifz=x + iy is a complex number such that
|z + 2|=|z — 2|, then the locus of z is
(a) real axis (b) imaginary axis
(c) ellipse (d) circle

4. "+ +T24 s
(@ 0 (b) 1 (¢ -1 () i

5. Azeroofx’+64is:

(a 0 (b) 4 (c) 4i (d -4
6.  The principal value of cosl(cos%) :
T St -1 T
a) — b) — c) = (d =
(a) e ) 5 (c) . (d) 3
7. The equation of the circle passing through the foci

2 2

of the ellipse )IC_6 + %= 1 having centre at (0,3) is :

(@ xX*+32-6y-7=0 (b) x*+)*>—6y+7=0
() ¥*+y*-6y-5=0 (d) ¥*+)*-6y+5=0

10.

11.

12.

13.

14.

15.

16.

17.

&)
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2 2
The eccentricity of the hyperbola L Clnt) 1
is : 16 4

V3 J5 1
@ — & — © V5@ 5

If a vector o lies in the plane of ﬁ and ? then :
@ [aBy]-1  ©® [aBy]-
© [wpy]-0 @ [aBy]-2

Distance from the origin to the plane :
3x—6y+2z+7=0is:

(@ 0 (b) 1 (¢) 2 (d 3

A stone is thrown up vertically. The height it reaches
at time ¢ seconds is given by x = 80¢ — 16£2. The stone
reaches the maximum height in time ¢ seconds is
given by :

(a) 2 (b) 2.5 () 3 (d 3.5

The angle between the parabola »*> = x and

x? =y at the origin is :

T T b

a) — b) — c) —

@5 ®c ©7

The percentage error of fifth root of 31 is approximately
how many times the percentage error in 31?

1

@ 0

@ — L1 ©s5 @ 3
) 5
The value of | |xidx is :
-1
1 3 5 7
(a) ) (b) 3 ©) 3 (d) 5
The area between )? = 4x and its latus rectum is :
2 4 8 5
(a) 3 (b) 3 (c) 3 (d) 3
The order of the differential equation of all circles
with centre at (h, k) and radius ‘a’ is . (where
h, k are arbitrary constants)
(@) 2 (b) 3 (c) 4 (d 1

The differential equation representing the family
of curves y = A cos (x + B), where A and B are
parameters, is :

2 2
@ T2oy=0 ) TLey-o
dx® dx®
2 2
© % 0 ) %:o
y
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18.

19.

20.

If a fair die is thrown once then the probability to get
a prime number on the face is :
1 1 1
(@) 0 (b)) — © - @ =
2 4 6
A random variable X takes the probability mass
function :
X -2

L
6

A> | w
>

P(X=x)

The value of Ais:
(@ 1 (b) 2 (© 3 (d 4
Which one of the following is a binary operation on N ?

(a) Subtraction (b) Multiplication
(c) Division (d) All of the above

PART - 11

Note : (i) Answer any seven questions.

21.

22.

23.
24.

25.
26.

27.

28.

29.

30.

(i) Question number 30 is compulsory.
7x2=14

Find df for f (x) = x> + 3x and evaluate it for
x =3 and dx =0.02.
If o and B are the roots of x> + 5x + 6 = 0, then show
that o2 + 3>=13.
Find the value of sin™! (1) + cos™'(1).
Find the acute angle between the two straight lines.
x—4:Z: Z+1and x—l=y+l= &2

2 1 2 4 —4 2
Find the tangent to the curve y = x> —x* at (1, 0).
If z =3,z =~ 7i and zy = 5+ 4i, show that
z,(z,tzy) =2, 2, + zz,.

Show thaty = ae* + be™ is a solution of the differential
equation y” —y=0.
A random variable X has the following probability
mass function.
X 1 2 3 4 5
1) K| 2K | 3K* | 2k | 3k

Show that the value of & is % .

Suppose the amount of milk sold daily at a milk
booth is distributed with a minimum of 200 litres
and a maximum of 600 litres with probability density

<x<
function X is : f(x) = {k’ 200 = x =600

Find the value of &

0 otherwise

Form the differential equation of the curve
y=ax?+ bx+ c where a, b and c are arbitrary constants.

orders@surabooks.com

PART - 11

Note: (i)  Answer any seven questions.
(i1)) Question number 40 is compulsory.

7 x 3 =21
31. Veify (AB)! = B! A with A = [0 ‘3],
5 4 1 4
B_[ ]
0 - 2 3

32. Find the rank of the matrix [2 4 —6].
5 1 -1

33. Show that the square roots of 6 — 8 are
t (242 -i2)-

34. Prove that the roots of the equation
x*=3x2-4=0aret2,*i.

35. Find centre and radius of the circle
¥+ +6x—4y+4=0

36. A particle acted on by constant forces 8;+ 2 j — 6k and
6i+2j — 2k is displaced from the point (1,2, 3) to the
point (5, 4, 1). Find the total work done by the forces.

37. Show that xlg(r)lJr ,xlogxisO.

38. Acircular plate expands uniformly under the influence
of heat. If its radius increases from 10.5 cm to 10.75
cm, then find an approximate change in the area.

property of the following operation on the given set
(a * b)=a", V a, b N (exponentiation property).

1
40. Prove that Ixexdx =1.
0
PART - IV

Note : Answer all the following questions.7 X 5 = 35

41.(a) Solve the system of linear equations by
Cramer’s Rule 3x + 3y —z =11, 2x —y + 2z = 9.
4x + 3y +2z=25.

OR

(b) A particle is fired straight up from the ground
to reach a height of s feet in ¢ seconds, where
s () =128t — 1622,

(i) Compute the maximum height of the particle

reached.
(i1) What is the velocity when the particle hits the
ground?
42.(a) Show that (2 + i+/3)1 — (2 — i+/3)!% is purely
imaginary.
OR
(b) Find the area of the region bounded by the ellipse
X y? . .
a—z + b_2 = 1 using integration

1
1
1
1
|
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
|
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1 39. Verify (i) Closure property (ii) Commutative
I
1
1
|
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
|
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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43.(a) Show that the value of
.1(.5n T STE.TE).TI:
sin™'| sin=—cos— + cos—sin— | is =
9 9 9 9 3

OR

(b) The parabolic communication antenna has a
focus at 2 mts. distance from the vertex of the
antenna. Show that the width of the antenna

3 mts. from the vertex is 4 JE mts.
44.(a) Solve the differential equation 4 +L=sinx.

dx x
OR

(b) Verify whether the following compound proposition
is tautology or contradiction or contingency. (p —
QP (=p—9q)

Prove by using vector method that cos (A — B)
=cos A cos B +sin A sin B.

OR
(b) Prove that among all the rectangles of the given
perimeter, the square has the maximum area.

46.(a) Find the eccentricity, foci, vertices and centre
22

45.(a)

for the ellipse 2 42 — 1 and draw the rough
diagram. 9
OR
(b) The cumulative distribution function of a discrete
random variable is given by :
[0 for —o<x<0
1
E for 0<x<l1
3
R = 5 for l<x<2
4
5 for 2<x<3
9
10 for 3<x<4
1 for 4<x<eo

Find (i) The probability mass function
(i) P(x<3)and (iii) P(x=2)

47.(a) Show that the area between the parabola
3% = 16x and its latus rectum (using integration) is
128
=

OR

Show that the Cartesian equation of the plane passing
through the points (a, 0, 0), (0, b, 0), (0, 0, c) is
iYL 2.

a b ¢

(b)

seewd
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PART - 1
4
1. d) — 11. (b) 25
5
2. (d) [5 _2} 12. ¢) T
3 -1 2
3. (b) imaginary axis 13. b) 1
5
4. (a) 0 14. (0) %
8
5. (d) —4 15. (c) 2
I
6. (a) 5 16. (d) 1
d2
7. (a) X2+ —6y—7=0]| 17. (b) _2y+y:0
dx
V5 I
8. (b)) — 18. -
® ®
9. (0 [o. B.y]=0 19. b) 2
10.(b) 1 20. (b) Multiplication
PART - 11
21. Whenx = 3 and dx=0.02,
df = (2x+3)dx
= [2(3) + 3] (0.02)
df = (6+3)(0.02)
= 9(0.02)=0.18
22. oa+pf = -50PB=6
o> +P2 = (a+PBP?-20afP
= (-52-2(6)=25-12=13
Hence proved.
23. sin”! () +cos' (1) = = +0:§
24. Comparing the given lines with the general Cartesian

equations of straight lines,
X—x

R and
by by b
X=% _ Y= _Z7Z3
d, d, d;
we find (b, b, , b)) = (2, 1, -2) and (d,, d, , d;)

= (4, -4, 2). Therefore, the acute angle between the

two straight lines is
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