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PART - |
1. (b)
2. (c)
3. (d)
4. (d)
5. (d)
6. (a)
7. (b)
8. (3
9. (c)
10.(a)
11. (d)
12. (d)
13. (d)
14-. (c)
15. (a)
16. (a)
17. (a)
18.(a)
19. (C)
20. (b)
PART - Il
21. Letz = x + iy and Z = x — iy, where x = Re(z) and y = Im(z).
(i) Real part:
z+z (x+iy)+x—iy) 2x _R
o= > Vo, x = Re(z)
(i) Imaginary part:
z—z (x+iy)—(x—iy) 2iy v
20 2i Y B £
Hence proved: -
zZ+Z zZ—Z
RE(Z) = T, Im(z) = 2—
22. Step (1): -Rational coefficients = include conjugate
If a polynomial has rational coefficients, then the conjugate 2 + +/3 must also be a root.
So roots: 2 — /3,2 + /3.
Step (2): Form the quadratic
(x—(2-V3)(x—-(2+V3) =0
Step (3): Expand
(x—2+V3)(x—2-V3)=(x—-2)2-(V3)?=(x—-2)?-3
(x—2)2—-3=x?2—-4x+4-3=x%2—4x+1
23. We are asked to find the principal value of
tan~1(v3)
Step (1): Recall the principal value of tan™! x
tan"lx € (—E E)
2'2
Step (2): Find the angle
T
tanf =V3 =06 = 3
(because tanm/3 = /3 and it lies in (—m/2,7/2))
24. Step (1): Slope of the tangent
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dy
dx’

The slope of the tangent is given by y' =
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y' =3x%2—6x+1

For the tangent to be parallel to y = x, slope = 1 :
3x2—6x+1=1

3x2—6x=0

3x(x—2)=0

x=0o0rx =2

Step (2): Find corresponding y-coordinates
-Forx=0:y=0%3-3(0)2+0-2= -2 - Point: (0,—-2)
-Forx=2:y=8-12+2 -2 = —4 - Point: (2,—4)
We are asked to find the differential df for

f(x) =x%+3x

and evaluate itat x = 2 and dx = 0.1.

Step (1): Recall differential formula

df = f'(x)dx

Step (2): Compute derivative

f'(x) =2x+3

So, the differential is:

df = (2x + 3)dx

Step (3): Substitute x = 2,dx = 0.1

df = (2(2) +3)(0.1) = (4+3)(0.1)=7-0.1=0.7
Step (1): Differentiate y with respect to x

Step (2): Express second derivative in terms of y
dZ

d—y—Ae +Be*=y

Step (3): Differential equation

d? d*y

axz V=

We are asked to solve the differential equation:

dy 1-y2

dx  \1—x2

Here's a short solution:

Step (1): Separate variables
dy dx

J1-y2 V1-x2

Step (2) Integrate both sides

\/1 y? J V1 —x2
arcsiny = arcsinx + C
Step (3): Solve for y
y = sin(arcsinx + C)
Step (1): Use the property of PMF
For a PMF, the sum of all probabilities = 1 :

> fw=1

k+2k+6k+5k+6k+10k=1
Step (2): Add coefficients
k(14+24+6+5+6+10)=k(30)=1
Step (3): Solve for k

1

k=%
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29. When three fair coins are tossed, the random variable X (number of tails) can take values 0, 1, 2, or 3, with
corresponding reverse image sizes (number of outcomes) being 1 (for X =0),3 (forX=1),3 (forX=2),and 1
(for X = 3), respectively, out of a total of 8 possible outcomes (HHH, HHT, etc.).

Values of Random Variable X (Number of Tails)
-X =0: (HHH) — 0 tails.
-X=1:(HHT, HTH, THH) - 1 tail.
-X =2:(HTT, THT, TTH) - 2 tails.
-X=3:(TTT) - 3 tails.
Number of Points (Outcomes) in the Reverse Images of X
- For X = 0 : {HHH} — 1 outcome.
- For X = 1: {HHT, HTH, THH}- 3 outcomes.
-For X =2: {HTT, THT, TTH}- 3 outcomes.
-For X =3 : {TTT} — 1 outcome.
30. We are asked to find the distance from the origin to the plane
3x+6y+2z+7=0
Step (1): Recall the formula for distance from a point to a plane
If a plane is
Ax+By+Cz+D =0
and a point is (xq, yo, o), the perpendicular distance is:
d |Ax0+By0+CZO+D|
VAZ+ B2 + (2
Step (2): Substitute values
-Plane:A=3,B=6,C =2,D =7
- Point: Origin (0,0,0)
p [3:04+6-0+2-0+7|

V32 + 62 + 22
B 7] | K _7_1
" V9+36+4 V49 7
PART - I
31. Given matrix:
1 2 -1
13 -1 2
A= 1 -2 3
1 -1 1

Step (1): Take a 3 x 3 submatrix
Choose the first 3 rows and 3 columns:
1 2 -1
M = [3 -1 2 ]
1 -2 3
Step (2): Compute its determinant
dettM) =1((-1)(3) —2(-2))—-23@B-3-2-H)+(-1D)@B--2—-(-D -1
Step by step: -
M3 - =1(D) =1
(i) —2(9—2) = —2(7) = —14
(iii) =1(—6 — (1)) = =1(-5) =5
Add:1-14+5=-8+#0
Step (3): Conclusion
- A 3 x 3 submatrix has non-zero determinant, so rank > 3
- The matrix has 4 rows and 3 columns, so rank < 3
= rank(4) =3
32. We are asked to solve the system using the matrix inversion method:

S5x+2y=3
{Bx +2y=5
Step (1): Write in matrix form
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s 2b1=[]
LetA:[3 2]' :[;]'B:[g]

AX=B=X=A"'B
Step (2): Find A~ for 2 x 2 matrix

ForA = [?

1 _
A7 = ad — bc[ b]
Herea—5b—2c—3d—2
det(4) = (5)(2) - (3)(2)=10—-6=4
1 _

AT = Z[—23 ]
Step (3): Multiply A~1B

1 _ 1. —2). 1 _ 11—
X =Z_[12 2] [g] :Z[Z—S-Jr:a(+ ?- 55] __[—69 +1205 =Z[1g
X= [ 4 ]

T4
Step (1): Distance formula in the complex plane
For two complex numbers z; = x; + iy; and z, = x, + iy,, the distance is:
|2y — 25| = \/(xz —x1)% + (y2 — y1)?
Step (2): Distance to 10 — 8i
[(10 —8i) — (1 + )| = |9 — 9i| = /92 + (—9)2 = V81 + 81 = V162 = 92
Step (3): Distance to 11 + 61
|(11 + 6i) — (1 + )| = |10 + 5i] = /102 + 52 = /100 + 25 = V125 = 5V5
Step (4): Compare distances
9v2 =~ 12.73,5V5 ~ 11.18
= 11+ 6iiscloserto 1 + .
Step (1): Bring equation to standard form
2x3—9x2+10x—3=0
Step (2): Factor out ( x — 1) using synthetic division or factorization
Divide 2x3 —9x2 + 10x —3 by x — 1:
Synthetic division:

112 |-9 110 |-3

2 -7 |3

2 |-7 |3 0

Remainder = 0, quotient: 2x? — 7x + 3

2x3—-9x2 +10x —3 = (x — 1)(2x®> = 7x + 3)

Step (3): Solve the quadratic 2x% — 7x + 3 = 0
_7xJ(=7?—4-2-3 7+V49-24 7425
h 2.2 B 4 4

7+5

X = 7 = x=30rx =

Step (4): All roots

Nlr—l

N =

x=1x=3,x=
We are asked to find the torque about the point (2,0, —1) due to the force
F=2i+j—k

whose line of action passes through the origin.

Step (1): Torque formula

T=rXF

where r is the position vector from the point to a point on the line of action.
- Take point online of action: origin 0(0,0,0)

- Point about which torque is calculated: P(2,0,—1)
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r = vector fromPto0=0—-P=0-2,0-0,0—-(—1) =-2i+0j+ 1k
Step (2): Cross product
o

-2 0 1
2 1 -1

T=rXF=

Compute determinant:

10 1 =2 1 -2 0

ily =50 Sl

Step by step: -

(N (0)(-1) - M@A) =-1

i -2 -1MHR)=2-2=0=>-0=0
ik 2)H-0O)2)=-2-0=-2
T=—i+0j—2k=—i—2k

Step (3): Magnitude of torque

lt| =/ (-1)2+02+(-2)2=V1+4=15
Step (4): Direction cosines

Direction cosines ( [, m,n ) are:
T, —1 Ty 0

= = ,m = = =0,n= =
Izl 5 Izl V5 Izl V5

We are asked to evaluate:
, 2x2 -3
lim

x>0 x2 —5x + 3 ) ) )
Step (1): Factor out the highest power of x in numerator and denominator

2x*=3  x*(2-3/x*)  2-3/x?
x2—5x+3 x2(1-5/x+3/x2) 1-5/x+3/x?
Step (2): Take the limit as x — oo

_ 2 —3/x? 2-0 2
lim = =—
xo01—=5/x+3/x> 1-0+0 1

T,  —2

=2

Step (1): Recall formula for area of a circle
A=nr?

Small change in area:

dA = 2nrdr

Step (2): Substitute values
- Initial radius: r = 2 mm
- Increase in radius: dr = 2.1 — 2 = 0.1 mm
dA =~ 2m(2)(0.1) = 0.4 mm?
Step (3): Numerical value
dA ~ 0.4 X 3.1416 =~ 1.256 mm?
Step (1): Substitution
Let
u = secx = du = secxtan xdx
Then the integral becomes:

x=m/3 du
= fx=0 1+u?
Step (2): Integrate

du 1
=tan ' u

1+ u?
Step (3): Change limits
-Whenx =0,u=sec0=1
-Whenx =n/3,u = sec(n/3) =2
So:
I =tan™1(2) —tan™1(1)
Step (4): Simplify
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T T
tan"1(1) = = I =tan™1(2) — 1
Step (1): Check if * is a binary operation
A binary operation on R must satisfy:
axb €RVa,b€eR
Here:
a*b=a+b+ab—-7
- Sum and product of real numbers are real
- Subtracting 7 is real
Soa*b € Rforalla,b € R

Conclusion: * is a binary operation on R.
7

Step (2): Compute 3 * (— E)

3+(-3g) =3+ (-15) +3+(-15) -7
\T) T U ) T
Step by step: -
(i)3+(=7/15) = 45/15—-7/15 = 38/15
(i) 3- (=7/15) = =21/15 = —=7/5 = —21/15
(i) Add: 38/15 — 21/15 = 17/15
(iv) Subtract 7:17/15 — 105/15 = —88/15
Step (1): Midpoint = center of the circle
4+ (1) 241\ (5 3

Centerc‘( » )‘( 2’ E)
Step (2): Radius = half the distance between A and B
AB = /(-1+4)? + (-1 +2)2 =32+ 12 = V10

_AB 10
T T
Step (3): General equation of a circle

(x-m?+@-k?=r?

<+5)2+< +3)2_ Vio\* 10 5
XT2) TVUT2) T2 ) Th T2
Step (4): Expand

245 +25+ *+3 +9—5—1
S e AL R A
, 25+9-10

x?+y?+5x+3y+————=0

) ) 24
x“+y +5x+3y+7=0
x24+y2+5x+3y+6=0
PART - IV
(a) Step (1): Recall the condition for Cramer's rule
Cramer's rule can be applied only if the determinant of the coefficient matrix is non-zero.
Coefficient matrix A is:
3 1 1
A= [1 -3 2]
7 -1 4
Step (2): Compute det(A)
-3 2 1 2 1 -3
det() =37 o|-1|; §|+1];
Compute each minor:
() 3((=3)(4) = (2)(=1)) = 3(=12 + 2) = 3(=10) = =30
(i) =1((H(H) - 2)(7) = —1(4 - 14) = -1(-10) = 10
(i) 1(DHEH - (3)T) =1(-1+4+21) =20
Add: —30+10+4+20=0
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Step (3): Conclusion

det(A) = 0 = coefficient matrix is singular.

Cramer's rule is not applicable because the determinant of the coefficient matrix is zero.
OR

(b) Step (1): Find derivative

fl(x) = %(4x6 —6x%) = 24x° — 24x3 = 24x3(x? — 1) = 24x3(x - D(x + 1)
Setf'(x)=0:

x=0x=1x=-1
Step (2): Use second derivative test
d d
f'(x) = af'(x) = (24x° — 24x3) = 120x* — 72x? = 24x%(5x% — 3)
-Atx =1:f"(1)=24(1%)(5-3) = 24-2 = 48 > 0 = local minimum
-Atx = —-1:f"(-1) = 24(1)(5 — 3) = 48 > 0 = local minimum
-Atx = 0: f"(0) = 0 - test inconclusive
Check f(x) nearx =0:
f(=0.1) = —6(0.1)* = —0.0006 < 0, £(0.1) ~ —0.0006
So x = 0 is a local maximum, not minimum.
(a) We are asked to find the locus of points z = x + iy satisfying:
-lz+il=z—-1]
Step (1): Write in terms of x and y
z+i=x+ily+1)=|z+i| =x%2+ (y + 1)?
z—1l=x-1D+iy=|z—1] =/(x — 1)% + y?

Equation becomes: -

Va2 + (7 + D2 = (x = 1)? + y2
Step (2): Square both sides
x2+(y+1)?2=(x—-1)*+y?
x2+y2+2y+1=x%>—-2x+1+y?
2y=—2x=x+y=0

OR
(b) Step (1): Use substitution x - a — x
Letu =a—x = dx = —du.
Change limits:

-Whenx=0=u=a
-Whenx=a=u=0
So:
@ f® B0 fla-w * fla-w
dx = —du) = d
o fDFfla—n" f fa—w+fa’ ™= fa-w+ra
Step (2): Add the two integrals
Let

u

(L fm
o f(¥)+fla—x)

Then from step 1:

L[t fla=x)

= dx
o fla—x)+f(x)
Add both expressions:

I

e @ fa-x (o
&= f(x)+f(a—x)+f(x)+f(a—x)dx_fo ldx=a
=>I=%

(a) Step (1): Use the definition of a parabola

A parabola is the locus of points equidistant from the focus and the directrix:
Distance from focus = Distance from directrix

Let a point on the parabola be (x, y). Then:
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(x+\/_)2+(y 0)2 = |x — V2|

Step (2): Square both sides
(x +V2)? +y2 = (x —V2)?
X2 4 2V2x + 2+ y2 =x2 —2\2x + 2
y2+2V2x +2 = —2v2x + 2
y% +2V2x = —2/2x
y? =-4~/2x

OR
(b) Step (1): Evaluate each inverse function
(i) cot™1(1)
cot9=1=>9=%(0<9<n)

(i) sin™* (- 2)

. V3 m
sinf = —7:> 6= -3 (-m/2<60<m/2)

(iii) sec™'(—V/2)

0 =—/2 = cos6 ! =0 31
sect = — cosf = —— =—

V2 4
(principal value: 0 < 0 < 1,0 # m/2)
Step (2): Substitute values
V3 s

-1 =1 ) -1 . _
cot™ (1) + sin ( 2) sec”1(—V2) +( 3)
_r.z 3n— 3-2m/4 = 3 2
=3T3 g T M- wm/A= S

2 3m 5n

6 6
(a) Step (1): Recall ellipse formula
For an ellipse: -
Tmax = A+ C,Tmin =a@—C
where:
a = semi-major axis
¢ = distance from center to each focus
Step (2): Solve for a and ¢
Add equations: -
=(a+c)+(a—c)=2a

Tmax + Tmin

_ Tax + Tmin _ 152 + 94.5 106 km
2 2
246.5
a= x 10 = 123.25 x 10° km

Subtract equations: -

Tmax — Tmin = (@ +1C5)2_ (3'4_50) =2c
Tmax — Tmin - : 6
= = X
c > > 10
57.5

c =T'>< 10° = 28.75 x 10° km

Step (3): Express in required form

¢ = 28.75 X 10% km = 287.5 X 10° km
OR

(b) Step (1): Represent vectors

3n

4

Let's take two-unit vectors making angles A and B with the x-axis:

U = {cos A + jsinA, ¥ = icos B + jsin B
Step (2): Use rotation idea

Rotating vector % by angle B gives a vector at angle A + B :
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Upor = (cos BT — sin Bf)(cos A) + (sin Bf + cos Bf)(sin A)
Step (3): x - and y-components

The y-component of rotated vector = sin(4 + B)
y-component = sinA - cosB + cosA -sinB

Step (4): Conclusion

sin(4 + B) = sin Acos B + cos Asin B

(a) Step (1): Find a vector in the plane

A vector in the desired plane is calculated using the two given points, A(2,2,1) and B(9,3,6):
AB=B—-A=(9-23-26-1)=(715)
Step (2): Find the normal of the given plane
The normal vector of the perpendicular plane 2x + 6y + 6z = 9 is directly obtained from its coefficients:
7, = (2,6,6)
Step (3): Determine the normal of the desired plane
The desired plane's normal vector, 7;, must be perpendicular to both AB and 7,, so we find their cross product:
f,=ABx#,=i j k7 1 52 6 6|=(—24,—3240)
We use a proportional, simplified normal vector 7 = (3,4, —5) by dividing by -8 .
Step (4): Form the equation
Using the point A(2,2,1) and the normal vector 7 = (3,4, —5), the Cartesian equation is a(x — x,) +
b(y —yo) + c(z —zp) = 0;
3(x—2)+4(y—-2)-5(z—1)=0=3x+4y—-5z=9
OR
(b) Step (1): Recall formula for angle between curves

If two curves y = f;(x) and y = f,(x) intersect, the angle 6 between them at a point is:
my —mp

tan@ =

1+mym,

where m; and m, are the slopes of the tangents at the point of intersection.
Step (2): Find slopes of tangents

(i) Curve y = x2 = slope:

Yy
ml == E: Zx =4 mll(lll) — 2

(i) Curve x = y2 = slope:
dx v = dy 1 i, 1
dy Y dx 2y Mz | 2

Step (3): Apply formula
2—-1/2 | 3/2 3/2

‘1+2-1/2 T1+1 2
Step (4): Angle

3
T4

tan@ =

0 =tan 11—
an 4

(a) Recall: For a continuous random variable X,
Pla<X<b)=F()—F(a)
() P(X<3)
Px<3)=F@3) =1-2_1
X <H=FR)=——=7=7

4
So, P(X <3) =3
(iP2<X<4)
PR2<X<4)=F@) —-F(Q)
Compute F(4) and F(2) using CDF formula (x — 1) /4 :
4—-1 3 2—-1 1
A
P(2<X<4):Z— _E
So,P2<X<4)=
(i) P(X = 3)

NIP A




47.

‘(G P 12" Tamil Nadu Board Mathematics 2022? 12" TAMIL NADU BOARD PYQs
— —

edu

1 1
PX23)=1-PX<3)=1-F@)=1-5=>
OR
(b) Step (1): Express the line in terms of y and find the x-intercept
The equation 3x — 2y + 6 = 0 can be rewrittenas y = %x + 3. The line crosses the x axis at x = —2, which is

within the given interval [—3,1].
Step (2): Calculate the absolute areas of the regions
The total area is the sum of the absolute areas of the two regions formed by the x intercept:

~2 /3 L3
f_3 (§x+3)dx £2(§x+3)dx

The indefinite integral is %xz + 3x.
The first area (below axis) is

A= +

3, -2 27 9\ _3
= +3"]_3 =|e-0-(3-9)|=|3-(-3)| =%
The second area (above axis) is
3, o3 15 27
[ZX +3X]_2—<Z+3)—(3—6)—T—(—3)—T.

Step (3): Sum the areas
The total area is the sum of the absolute values of the two sections.

3 27 30 15
Aoa =7+ =7=75

(a) Given differential equation:
dy
2y 22 2
1+ x=) I 1+ y-
Step (1): Separate variables
dy dx

1+ y2 T 1+a2
Step (2): Integrate both sides

f dy _J‘ dx
14+y2 )] 1+x2

tan"ly=tan"lx +C

where C is the constant of integration.

Step (3): Alternate form

tan"'x =tan 'y — C =tan "ty + C” (where C"’ = —C)

OR
(b) Step (1): Recall truth table definitions
"P2q=-DpVq

- p Aqistrue only if both p and q are true

We want to show:

p=>(@-r)=@Aq) —>r

Step (2): Make columns

We need columns for p.q.r.q > r.p > (q->1).pAq(PANq) =T

pP|q|r | gq-r | p=(g—>r) | pAq | (PAQ)—r

m| M| 4| 4| 4|4
| 4| || 4|4
Mm| AT || M| H
miH4| 4|4 || H
e e B I R |
M| M| || 4H4| 4
| 4| 4| 4| 7| H
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F F|T|T T F T
FIF|F|T T F

Step (3): Compare columns
Columnp = (q = r) = Column (p A q) — r for a 8 cases.
Conclusion:

p=>(@->r)=@Aq)—>r




