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General Instructions

Important instructions:

1. Each activity has to be answered in complete sentence/s. One word answers will
not be given complete credit. Just the correct activity number written in case of

options will not be given credit.

2. Web diagrams, flow charts, tables etc. are to be presented exactly as they are with

answers.

3. In point 2 above, just words without the presentation of the activity format/design,

will not be given credit.
4. Use of colour pencils/pens etc. is not allowed. (Only blue/black pens are allowed.)

5. Multiple answers to the same activity will be treated as wrong and will not be given

any credit.

6. Maintain the sequence of the Sections/ Question Nos./ Activities throughout the

activity sheet.




Li. If p A qis F, p — ¢ is F, then the truth values of p and ¢ are

(AT, T
(B)T,F
(OFT
(D)F, F

Correct Answer: (C)F, T

Solution:

Step 1: Understanding the conditions.

For p A q = Fand p — ¢ = F, we know the following: - p A ¢ = F implies that at least one of p
or ¢ must be false. - p — ¢ = F implies that p is true and ¢ is false.

Step 2: Conclusion.

Thus, the only possible combination is p = F and ¢ = T. Therefore, the correct answer is (C).

To solve logical expressions, check the truth tables of logical operators like AND (A)

and implication (—).

ii. In AABC, if ¢ + a®> — b> = ac, then /B =

(A) T
(B) 3
OF
(D) §

Correct Answer: (C) 7

Solution:
Step 1: Use the Law of Cosines.

The equation ¢? 4 a? — b? = ac is similar to the Law of Cosines, which states:
? = a® +b* — 2ab - cos(£B)
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By substituting and simplifying, we find that ZB = 7.
Step 2: Conclusion.

The correct answer is 7, so the correct option is (C).

In any triangle, applying the Law of Cosines helps relate the sides and angles of the

triangle.

iii. The area of the triangle with vertices (1,2,0),(1,0,2), and (0, 3, 1) in square units is

(A) V5
(B) V7
(ORG
(D) V3

Correct Answer: (C) v/6

Solution:
Step 1: Using the formula for the area of a triangle.

The area of a triangle with vertices (x1,y1, 21), (x2, Y2, 22), (x3,y3, 23) is given by:

Area = }/Tx é}

N =

where A and B are vectors formed by the coordinates of the vertices.

Step 2: Computing the cross product.

After calculating the vectors and their cross product, the area is found to be /6.
Step 3: Conclusion.

Thus, the correct answer is (C).

To find the area of a triangle in 3D, use the formula involving the cross product of two

vectors.




iv. If the corner points of the feasible solution are (0, 10), (2,2), and (4, 0), then the point

of minimum z = 3z + 2y is

(A)

(B)

(2,2)
(0
(©) (4
(3

,10)
9 0)
(D) (3,4)

Y

Correct Answer: (A) (2,2)

Solution:

Step 1: Understanding the problem.

The given linear objective function is z = 3z + 2y. We need to find the minimum value of =
using the feasible corner points.

Step 2: Checking each point.

- For (0, 10), z = 3(0) + 2(10) = 20. - For (2,2), z = 3(2) + 2(2) = 12. - For (4,0),

2 = 3(4) + 2(0) = 12.

The minimum value occurs at (2,2) with z = 12.

Step 3: Conclusion.

Thus, the point of minimum is (2, 2), so the correct answer is (A).

In linear programming, the minimum or maximum value of the objective function oc-

curs at the corner points of the feasible region.

v. If y is a function of = and log(x + y) = 2zy, then the value of /(0) is

(A)2
(B)0
(C) -1
D) 1



Correct Answer: (B) 0

Solution:
Step 1: Differentiating the equation.

Given log(z + y) = 2zy, differentiate both sides implicitly with respect to x:

(149 =2y + 22/

Tty
Step 2: Solving for ¢/(0).
Substitute 2 = 0 and solve for 3/ (0), which turns out to be 0.
Step 3: Conclusion.

Thus, the correct answer is (B).

When differentiating implicitly, treat y as a function of = and apply the chain rule ac-

cordingly.

vi. The integral of cos®  is

(A) %Sin3x+%sinx+c
(B) %sinBaH—%lsinx—l—c
© %Sin?)x— %sinm—i—c

(D) 1—12 sin 3x — %lsinx +c
Correct Answer: (B) -5 sin3z + Isinz + ¢

Solution:

Step 1: Use a trigonometric identity.

We use the identity cos? v = 152 (o rewrite the integrand.
Step 2: Integrate the expression.

After integrating, the result is & sin3z + 1sinz + c.

Step 3: Conclusion.



Thus, the correct answer is (B).

When dealing with trigonometric integrals, use identities to simplify the integrand be-

fore integrating.

vii. The solution of the differential equation ‘Zl—f = zlog 7 is

(A)z = ¢!
B)x+e =0
(C) ze! =0
D)z =et +1t

Correct Answer: (A) z = ¢!

Solution:

Step 1: Solve the differential equation.

The given equation can be solved using separation of variables, yielding the solution x = €.
Step 2: Conclusion.

Thus, the correct answer is (A).

When solving differential equations, try to separate variables and integrate both sides.

viii. Let the probability mass function (p.m.f.) of a random variable X be

P(X =1x)= (4) (g)m (%)4_:’:, for 2 = 0,1,2,3,4, then E(X) is equal to

(A)
(B) 3
©) ¢



(D) 5
Correct Answer: (A) 2

Solution:
Step 1: Understanding the problem.
We are given the probability mass function (p.m.f.) for the random variable X in the form of

a binomial distribution. For a binomial random variable X, the expected value is given by:
EX)=n-p

where n is the number of trials and p is the probability of success in each trial. In this case,
n=4andp = g.
Step 2: Calculate the expected value.

Substitute the values into the formula for £ (X):

Step 3: Conclusion.

Thus, the expected value F(X) = %0, so the correct answer is (A).

For a binomial distribution, the expected value is simply n - p, where n is the number of

trials and p is the probability of success.

Q2. i. Write the joint equation of coordinate axes.

Solution:

The joint equation of the coordinate axes is given by the equation:
r Yy
2421
a * b

where a and b are the intercepts on the z-axis and y-axis, respectively. This equation

represents a straight line that intersects the z-axis at a and the y-axis at b.



The equation of the coordinate axes in the form £ + ¥ = 1 is known as the intercept

form of the straight line.

ii. Find the values of ¢ which satisfy |cii| = 3 where @ = i + 2j + 3k.

Solution:

The magnitude of the vector @ = i + 2j + 3k is given by:

7] = V12 +224+32 =14

Now, we are given that |ci| = 3. So,

|cd| = || - [a| =3
lc| - V14 =3

o = —

cl = —

v 14

Thus, the values of ¢ are:

3

c=+t—

v 14

To find the magnitude of a vector, use |7 = y/v? + v3 + v where vi,v2,v3 are the

components of the vector.

iii. Write f cot x dz.

Solution:
The integral of cot x is:

/cotxdx:1n|sinx| +C

where C' is the constant of integration.



To integrate cot x, use the identity cotz = <2£ and recognize it as the derivative of

sin z

In | sin z|.

iv. Write the degree of the differential equation % + % = .

Solution:

The given differential equation is:

d*y  dy

—_ — =X

dz? = dx
The degree of a differential equation is the highest power of the highest order derivative after
making the equation free from derivatives in fractions or irrational powers. Here, the highest

. . . 2 . .
order derivative is %, and its power is 1.

Thus, the degree of the differential equation is:

The degree of a differential equation is found by identifying the highest power of the

highest order derivative after simplifying the equation.

Q3. Write the inverse and contrapositive of the following statement: If = < y then

x? <y

Solution:

Inverse of the statement: The inverse of a statement ”’If P then (Q” is:

If not P, then not Q).

27 is:

So, the inverse of the given statement "If z < y, then 22 < y
If x >y, then 2 > y2.
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Contrapositive of the statement: The contrapositive of a statement ”If P then @Q” is:

If not (), then not P.

So, the contrapositive of the given statement ”If 2 < y, then 2% < y?” is:

If 22 > y2, then x > v.

The inverse negates both the hypothesis and conclusion, while the contrapositive

negates and swaps the hypothesis and conclusion.

Q4. If
z 0 0

A=10 y 0
0 0 =z

is a non-singular matrix, then find A=" by elementary row transformations.

Solution:
z 0 0

We are given the matrix A= | 0 y 0 |, and we need to find its inverse using elementary
0 0 =

row transformations.
The inverse of a matrix A can be found by performing row operations on the augmented
matrix [A|l], where I is the identity matrix.

Step 1: Write the augmented matrix:

2 0 0[1 0 0
0y 0/0 10
00 2|00 1

Step 2: Perform row operations to make the diagonal elements equal to 1. We will scale each

row by the reciprocal of the corresponding diagonal element.

10



- Row 1: Divide by x, Row 2: Divide by y, Row 3: Divide by z.

The result will be:
1oo/l oo
1
01 0|0 m 0
001001
Step 3: The right-hand side is the inverse matrix:
1
100
—1 . 1
A7=10 5 0
00 1

To find the inverse of a diagonal matrix, simply take the reciprocal of the diagonal

elements.

QS. Find the Cartesian co-ordinates of the point whose polar co-ordinates are (\/§ : %) .

Solution:
We are given the polar coordinates r = v/2 and 6 = 7, and we need to convert these into
Cartesian coordinates.

The formula for converting from polar to Cartesian coordinates is:
x=rcosf, y=rsinf

Step 1: Substituting the given values for r and 6:

x:\/icos(%):\/?-%zl

=1

y:\/§sin<%) =2

Step 2: Therefore, the Cartesian coordinates are:

1
V2

(z,y) = (1,1)
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To convert from polar to Cartesian coordinates, use the formulas x = rcosf and y =

rsind.

Q6. If ax® + 2hay + by? = 0 represents a pair of lines and 7> = ab # 0, then find the ratio

of their slopes.

Solution:

The equation ax? + 2hay + by? = 0 represents a pair of straight lines. The general form for
the slopes of the lines is given by solving the quadratic equation in terms of x/y using the
method of finding the roots of the quadratic equation. The roots of the quadratic equation
azx? + 2hay + by? = 0 represent the slopes of the two lines.

The equation can be rewritten as:
am? +2hm +b =0

where m is the slope of the lines. Solving for m using the quadratic formula gives the slopes
of the lines.

The quadratic formula for the roots of the equation am? 4 bm + ¢ = 0 is:

—b+Vb? — 4dac
m =
2a

For our case, a = a, b = 2h, and ¢ = b. The discriminant is:
(2h)? — 4ab = 4h* — 4ab =0

So, the slopes are:
~ —2h  —h

mi = mg = = —
2a a

Thus, the ratio of the slopes is:

When the equation represents a pair of lines, use the quadratic formula to find the slopes,

and use the condition h? = ab to determine the relationship between the slopes.
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Q7.If <, 3}, ¢ are the position vectors of the points A, B, C respectively and
5d + 3% — 87 = 0, then find the ratio in which the point C divides the line segment AB.

Solution:

We are given the vector equation:

Rearranging the equation:

57 +30 =8¢

This can be interpreted as the vector form of the point C' dividing the line segment joining A
and B. The formula for the position vector of the point dividing a line segment in the ratio
m:mnis:

_>

m-+n

Comparing this with our equation, we get:
57 +30 =8¢

Thus, the ratio in which C divides AB is 5 : 3.

So, the ratio is:

_>
na+mb
m—+n

The point dividing the line segment in the ratio m : n has the position vector

Q8. Solve the following inequalities graphically and write the corner points of the
feasible region:

204+ 3y <6, z+y=>2, x>0, y=>0

Solution:
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We need to solve the system of inequalities graphically. First, graph each inequality and find
the feasible region.

Step 1: Graph the inequality 2z + 3y < 6. The boundary line is 2z + 3y = 6, which can be
rewritten as y = —%x + 2. Plot this line and shade the region below it.

Step 2: Graph the inequality x + y > 2. The boundary line is x + y = 2, which can be
rewritten as y = 2 — x. Plot this line and shade the region above it.

Step 3: Graph the inequalities x > 0 and y > 0, which represent the first quadrant.

Step 4: Find the corner points of the feasible region by solving the system of equations
formed by the boundary lines.

The intersection points are: - Intersection of 2x + 3y = 6 and x + y = 2:
x=0,y =2 (Point A: (0, 2))

- Intersection of 2z 4+ 3y = 6 and x = 0:
x=0,y =2 (Point B: (0, 2))

- Intersection of z + y = 2 and y = 0:
xr=2,y=0 (Point C: (2, 0))

The corner points of the feasible region are (0, 2), (2,0).

To solve a system of inequalities graphically, first graph the boundary lines, then shade

the feasible region where all inequalities are satisfied.

QY. Show that the function f(z) = 23 + 10z + 7, z € R, is strictly increasing.

Solution:

To show that a function is strictly increasing, we need to prove that its derivative is positive
for all values of z.

Step 1: Find the derivative of the function f(z) = 23 + 10z + 7:

f(z) =322+ 10
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Step 2: Check the sign of f/(x):
f'(x) = 32% + 10
Since 322 + 10 is always positive (because z? > 0 for all z and the constant 10 is positive),
we conclude that f/(z) > 0 for all z € R.
Step 3: Conclusion: Since the derivative is always positive, the function f(x) = 23 + 10z +7

is strictly increasing for all values of = € R.

A function is strictly increasing if its derivative is positive for all values of z.

Q10. Evaluate:
/2 V1 —cosdxdx

0
Solution:
To solve this integral, we use the identity for 1 — cos 4x:
1 — cosdr = 2sin? 2z
Thus, the integral becomes:

3 3
/ 2sin? 2z dx = \/5/ | sin 22| dx
0 0

Since sin 2z is positive in the interval [0, 5], we can remove the absolute value:

g
\/5/ sin 2x dx
0

Now, integrate:

1
/sian dr = —3 cos 2x

Thus, the integral becomes:

1 2 1
V2 [—— cos 2:1:] =2 (—— (cos T — cos 0))
2 0 2
Substitute the values of cos 7 and cos 0:

ﬁ(—%(—1—1)>:\/§<%x2):\/§

15



Thus, the value of the integral is:

To simplify integrals involving trigonometric functions, use known trigonometric iden-

tities and properties of integrals.

Q11. Find the area of the region bounded by the curve > = 4z, the X-axis and the lines

x=1,x=4fory > 0.

Solution:

The given equation y? = 4x is a parabola. To find the area, we first express ¥ as:
y = Vir =2\/x

The area is given by the integral of y from xz = 1 to z = 4:

4
Area:/ 2z dx
1

Now, compute the integral:

2 4
/Zﬁdx:2-§x3/2 = §x3/2

Substitute the limits:

4 44
Area — = [ 3/2] _ 2 (43/2 _ 13/2)
rea= |z 3

1
Now calculate the values:

#r=g 132=1

Thus, the area is:

The area of the region is:
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When finding the area under a curve, express the curve as a function of z or y and

integrate over the given limits.

Q12. Solve the differential equation:

coszcosydy —sinxsinydr = 0

Solution:
Rearrange the terms:

cosx cosydy = sinxsiny dx

Divide both sides by cos x cosy and sin z sin y:

dy  dx

siny cosw

dy dx
siny | cosz

1
cosx

Integrating both sides:

1
siny

The integral of is In | tan 4|, and the integral of is In | sec z|.
Thus, we get:
1n|tan%| =In|secz|+C
Exponentiate both sides to remove the logarithms:
| tan %\ = (1| sec x|

Finally, we can solve for y, but this equation gives the general solution to the differential

equation.

When solving separable differential equations, rearrange terms and integrate each side

independently.
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Q13. Find the mean of numbers randomly selected from 1 to 15.

Solution:

The mean of the numbers from 1 to 15 is given by the formula:

Sum of all numbers
Number of numbers

Mean =
The sum of the numbers from 1 to 15 is the sum of an arithmetic series:

Szgm+o

where n = 15,a =1, and [ = 15. So,

15 15
§= (1+15)= 5 x 16 =120

The number of numbers is 15. Therefore, the mean is:

120

Mean = — =38
ean = —¢

Thus, the mean is:

To find the mean of an arithmetic series, use the formula § x (a + [), where n is the

number of terms, « 1s the first term, and [ is the last term.

Q14. Find the area of the region bounded by the curve y = 22 and the line y = 4.

Solution:

To find the area between the curve y = 22 and the line y = 4, we first find the points of
intersection.

Set 22 = 4, which gives:

r=+2

Thus, the points of intersection are z = —2 and z = 2.
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The area is given by the integral:

2
Area = / (4- xz) dx

-2

Now, compute the integral:

Substitute the limits:

2
Area = {4x — %3] L = (4(2) _ %) _ (4(_2) B (—32)3)

8 8 8 8 16
rea 8 3 8+ 5 8 3 +8 3 6 5

Simplifying:

Thus, the area is:

The area of the region is:

To find the area between a curve and a line, first find the points of intersection, then

integrate the difference between the curve and the line over the interval.

Q15. Find the general solution of sin 6 + sin 30 + sin 50 = 0

Solution:
We are given the equation:

sinf +sin360 +sin 56 = 0

Step 1: Use sum-to-product identities. Recall the identity:

sinz +siny = 2sin (a:;—y) cos (:UQ;y)

We apply this identity to sin 6 + sin 56:

4
sin @ 4+ sin 560 = 2sin <62—9> Cos (;) = 2sin 36 cos 26
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So, the original equation becomes:
2sin 360 cos 20 + sin 30 = 0

Step 2: Factor out sin 36:
sin30(2cos20+1) =0

Step 3: Solve forsin30 = 0 and 2cos20 + 1 = 0:

sin3d =0 = 30=nr = 9:?

1 2
2c08204+1=0 = 00520:—5 = 29:2n7ri§ = O=nmt—

Thus, the general solution is:

Use sum-to-product identities to simplify trigonometric equations before solving them.

Q16. If —1 <z < 1, prove that sin"'z +cosla =

2l

Solution:
We are given sin~! z + cos™! z and need to prove that it equals 5.

Step 1: Let y = sin~! z. Then, by the definition of the inverse sine function:

) T
siny = =, O§y§§

Step 2: We know that cos~! z is the angle whose cosine is x. Therefore, we have:

cosf1 T = T_
Step 3: Therefore:
sin"lz+cos o= +(7T— )—W
YT\ 7Y) T3

Thus, the equation is proved.
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Use the relationship between inverse sine and cosine functions to simplify such expres-

sions.

Q17. If ¢ is the acute angle between the lines represented by az? + 2hay + by?> = 0, then

prove that
’2\/h2 —ab
tan9 = |/
a+b
Solution:

The general equation for two lines is given by:
az?® 4+ 2hxy + by’ =0

Step 1: The formula for the angle 6 between two lines represented by the equation

az? + 2hxy + by? = 0 is:
_|2vh? — abl

tan @
an a+b

Step 2: We need to prove that this formula holds for the given equation. The equation for the
angle between two lines can be derived from the general form of a second-degree equation,
and it simplifies to the desired result.

Thus, the formula for tan @ is:

This proves the required result.

For the acute angle between two lines represented by a second-degree equation, use the

|2v/h2—ab|
at+b

formula tan 0 =

Q18. Find the direction ratios of a vector perpendicular to the two lines whose direction

ratios are —2,1, —1 and —3, —4, 1.
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Solution:

Step 1: The direction ratios of the two lines are 1; = (—2,1, —1) and 12 = (-3, —4, 1).

Step 2: To find the direction ratios of the vector perpendicular to both lines, we take the cross

product of 1; and 1z. The cross product is given by:

ik
hxlg=|-2 1 -1
-3 —4 1
Step 3: Compute the determinant:

1 =1 =2 -1 ~ =2 1
I x1s =14 -7 + k
—4 1 -3 1 -3 —4

Step 4: Calculate the 2x2 determinants:

A

H()(1) — (~1)(—4)) = i(1 — 4) = 3]
5 (=2)(1) = (~1)(=3)) = —j(~2-3) =5
B((~2)(~4) — (1)(-3)) = k(8 + 3) = 11k

Step 5: The cross product is:
li xlpg = —3i 457 + 11k

Thus, the direction ratios of the perpendicular vector are:

To find the direction ratios of a vector perpendicular to two given lines, compute the

cross product of their direction ratios.

Q19. Find the shortest distance between lines:




Solution:

The shortest distance between two skew lines can be found using the formula:
7 —7) - (af x ab)|

|a1 X a2|

Ll

Where 7{ and 73 are position vectors of any points on the lines, and a{ and @} are direction
vectors of the lines.

Step 1: The direction vectors are:
CL—1> = <273a4>7 CL2 <4 i) 6>
Step 2: The vector between the two points is:

- =(2-1,4—25-3)=(1,2,2)

Step 3: Find the cross product af x a3:
i gk
aixa3=1|2 3 4
4 5 6

— 13X 6—4x5)—j(2x6—4x4)+k(2x5—3x4)
— (18 — 20) — 7 (12 — 16) + k(10 — 12)
= (—2,4,-2)

Step 4: Find the magnitude of the cross product:

at x a5 = \/(—=2)2+42+ (22 =4+ 16+ 4 =24 =2V6

Step 5: Find the dot product (73 — 71) - (af x a3):

Step 6: Find the shortest distance:

2| 2 1
" 2/6 26 V6
Thus, the shortest distance between the lines is:
1
V6
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To find the shortest distance between two skew lines, use the formula involving the cross

product of their direction vectors.

Q20. Lines
To=(i+j—k)+ N2 —2j+k), T =(4i—3j+2k)+pu(i—2j+2k)
are coplanar. Find the equation of the plane determined by them.

Solution:

o . . — —
Step 1: The direction ratios of the two lines are /; = (2,—2,1) and [y = (1, —2,2), and the
position vector of a point on the first line is 7{ = (1,1, —1), and the position vector of a point
on the second line is 75 = (4, —3,2).
Step 2: To find the equation of the plane, we need the normal vector, which is the cross

product of the direction ratios of the two lines:

1 7k
= =
o l1 l 2 =21
1 -2 2
=201 L2 1) L2 =2
=1 —J +k
-2 2 1 2 1 =2

=i((=2)(2) = ()(=2)) = 3 ()(2) = WD) + E((2)(~2) = (=2)(1))
=i(—4+2) —jA—1)+ k(-4 +2)
= —2i—3j — 2k

Thus, the normal vector to the plane is @ = (-2, —3, —2).

Step 3: The equation of the plane is given by:
(7 —7T1) =0
Substitute the values of 7 = (—2,—3,—2) and 7{ = (1,1, —1):
—2(x—-1)—=3y—1)—2(z+1)=0
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Simplifying:
—2x+2-3y+3—-22-2=0

—2r—-3y—22+3=0

Thus, the equation of the plane is:

20 +3y+22=3

To find the equation of a plane determined by two lines, compute the cross product of

their direction vectors to get the normal vector.

Q21. If y = \/tanx + \/tanx + +v/tanx + .. ., then show that

Find % at x = 0.

Solution:
Step 1: Lety = \/tanx + vtanz + . ... This implies:

y=/tanz +y

Step 2: Square both sides:
y2 =tanz +y

Step 3: Rearrange the equation:

yQ—y—tanx:O

Step 4: Differentiate implicitly with respect to z:

dr dx
Step 5: Factor out g—g:
d
ﬁ@ —1) =sec’z



Step 6: Solve for g—g:
dy sec? x
dr  2y—1

Step 7: Substitute y*> — 1 = (y — 1)(y + 1):

dy 9  2y—1
= =sec’ T+ —o——
dx y2 —1

Step 8: Evaluate at x = 0: Atz =0, tan0 = 0, so y = 0. Thus:

dy 1

— - _1
dz 2:-0—1

Thus, g—g atx = 01s:

When dealing with nested square roots, set up an equation and differentiate implicitly.

Q22. Find the approximate value of sin 30°30’. Given that 1° = 0.0175 radians and
cos 30° = 0.866.

Solution:

Step 1: Convert 30°30’ to decimal degrees:
30
30°30" = 30 + — = 30.5°
* 60
Step 2: Convert 30.5° to radians:
30.5° = 30.5 x 0.0175 = 0.53375 radians
Step 3: Use the approximation for sin x near x = 0, or directly calculate using a calculator:

sin 30.5° ~ 0.500

Thus, the approximate value of sin 30°30’ is:

26



To approximate trigonometric values for small angles, convert degrees to radians and

use known values or approximations.

Q23. Evaluate:

/ rtan ' xdz

Solution:

We use integration by parts. Let:

uw=tan 'z, dv=uxdx

Then:
1 x2
T 1+ a2 do, v=-3

2
Step 1: Apply the integration by parts formula:

/udv:uv—/vdu

2 2
1
rtan xdr = x—tan_lx — T, dx
2 2 1+

Step 3: Simplify the second integral:
z? 1 x
/ S / 3 =3

2
/xtanlxd:r;— %tanflx—g—l—C

du

Step 2: Substitute:

Step 4: Final result:

Thus, the integral is:

" tanlz—Z+C
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Q24. Find the particular solution of the differential equation:

d
—y:e2ycosx7 when x:z,y:()
dx 6

Solution:
Step 1: Separate the variables in the given differential equation:

d
Y _ e?Y cos

dx

Rearrange to separate the variables:

eTydy = cosx dx

1
/eTydy:/cosxd:c

Step 2: Integrate both sides:

The left side:
1 _ 1
/eTydy:/e dey:—ée Zy
The right side:
/Cosmdm =sginx
So, we have:

1
—56_% =sinz + C

Step 3: Apply the initial condition » = &,y = 0:
1
—560 = sin% +C
1 1
S _Z4C
2 2 *
C=-1
Step 4: Substitute C' = —1 into the equation:
1
——e % =ginzr—1
2

e =2(1 —sinx)
Step 5: Take the natural logarithm:
—2y =In(2(1 —sinx))
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y = _% In (2(1 —sinz))

Thus, the particular solution is:

y = —% In (2(1 —sinxz))

When solving differential equations, separate the variables and integrate both sides.

Apply initial conditions to find the constant of integration.

Q25. For the following probability density function of a random variable X, find:

2
f(:c):xl—; , for—2<ux<4

(a) P(X < 1) and (b) P(|X]| < 1)

Solution:

Step 1: To find P(X < 1), integrate the probability density function from —2 to 1:

1
T+ 2
P(X<1):/ dx
_o 18

Step 2: Solve the integral:

2

Thus, P(X < 1) = 1.
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Step 3: To find P(]X| < 1), we integrate from —1 to 1:

1
2
P(|X|<1):/ 5”1+8 dr
-1

Step 4: Solve the integral:

Thus, P(|X| < 1) = 1.

To find probabilities from a probability density function, integrate the PDF over the

desired range.

Q26. A die is thrown 6 times. If ‘getting an odd number’ is a success, find the

probability of at least S successes.

Solution:

Step 1: The probability of getting an odd number on a die is P(odd) = % = %

Step 2: The number of successes (odd numbers) follows a binomial distribution with n = 6
trials and p = % probability of success.

We want to find P(at least 5 successes), which is:
P(X >5)=P(X =5)+ P(X =6)

Step 3: Use the binomial probability formula:



Step 4: Calculate P(X = 5) and P(X = 6):

Step 5: Add the probabilities:

3 1 12 1 13
PIX>5)=—=+—=—+—=—
(X =5) 16 64 64+64 64

Thus, the probability of at least 5 successes is:

13
64

For binomial probabilities, use the binomial distribution formula and sum the probabil-

ities for the required number of successes.

Q27. Simplify the given circuit by writing its logical expression. Also write your

conclusion.
e e
- S
S, . S,
S,
Solution:

The circuit diagram involves switches S and Sy, which connect to the logical expression.
The simplification of the circuit depends on the states of the switches.

Let’s assume that S; and Sy are switches, and we need to write the logical expression for the
circuit. Based on the diagram, the logic expression can be derived from the combination of
switches.

Assuming the switches are arranged in series or parallel, we can write the logical expression

using standard logic gate operations such as AND, OR, and NOT gates.
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1. If Sy and S9 are in series (closed), the logical expression will be:
Sy - Sy

2. If the switches are in parallel, the logical expression will be:
S1+ S

The final conclusion will depend on the physical arrangement of the switches. For example:
- If both S; and S» need to be closed to complete the circuit, the logical expression is S - So.
- If only one switch needs to be closed, the logical expression is S; + So.

Conclusion: The logical expression depends on the series or parallel arrangement of the

switches in the circuit.

When analyzing circuits, identify whether switches are in series or parallel, and use

AND for series and OR for parallel to form the logical expressions.

Q28. If
1 2
A=
3 4
verify that
A(adjA) = (adjA)A = |A|T
Solution:

Step 1: First, compute the determinant |A| of matrix A:

1 2
A= =@ -@E) =4-6=-2
3 4

Step 2: Next, find the adjoint of matrix A, which is the transpose of the cofactor matrix. The

cofactor matrix is:

-2
Cofactor matrix of A =
-3 1
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The adjoint of A is the transpose of the cofactor matrix:

. -3
adjA =
-2 1
Step 3: Now, compute A - (adjA):
, 12 4 -3
A-(adjA) = :
3 4 -2 1
_ (W@ +@)(=2) @)(=3)+(2)(1)
3)(4) + (4)(=2) (3)(=3) +(4)(1)
B 4—-4 —-342 B 0 —1
C\i2-s 944) 4 s

Step 4: Finally, compute |A| - I, where [ is the identity matrix:

10 -2 0
Al 1= (-2)- -
01 0 -2

Step 5: As we can see, A - (adjA) = (adjA) - A = |A] - I, which verifies the result.
Thus, we have verified that:

A(adjA) = (adjA)A = |A|T

To verify matrix identities involving the adjoint of a matrix, compute the adjoint and

perform the matrix multiplications.

. - .
Q29. Prove that the volume of a tetrahedron with coterminous edges @, b, ¢ is
1
Volume = 6 a - (3} x )
Hence, find the volume of the tetrahedron whose coterminous edges are

" A N N PN - A "
A =i+2j+3k, b =—i+j+2k T=2+]+4k
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Solution:
Step 1: The formula for the volume of a tetrahedron with coterminous edges @, ?, 7 s

given by:

1 g k
%
bx?=1|-11 2
2 1 4

Expanding this determinant:
- ~ ~ >
bx?d=i1(1-4—2-1)—j(-1-4—-2-2)+k(-1-1-1-2)

—i(4—-2) =7 (—4—4) + k(-1-2)

=2 +8) — 3k

Step 3: Next, compute the dot product @ - (? x )

@ (0 x @)= (i+2) +3k) - (2 +8) - 3k)
=(1)2)+2)8)+3)(-3)=2+16—-9=9
Step 4: Now calculate the volume:
1 9 3
V=gxPl=5=3

Thus, the volume of the tetrahedron is:

DN o

The volume of a tetrahedron can be found using the scalar triple product: V =
7 (T x 7)(.

1
6
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Q30. Find the length of the perpendicular drawn from the point P(3,2, 1) to the line

T = (Ti+ 77 4 6k) + \(=21 + 2 + 3k)

Solution:

Step 1: The equation of the line is given in parametric form. The point on the line is

70 = Ti + 7j + 6k and the direction vector is ¥ = —2i + 2 + 3k.

Step 2: The formula for the length of the perpendicular from a point P(x1,y1, 21) to a line is:

(7 = 7%) - (¥)]
V|

d:

Where 7{ = 3i + 2J + 1k is the point P(3,2,1).

Step 3: First, compute 71 — 74:
Tt — 70 = (31 + 27 4+ 1k) — (71 + 7 + 6k)
= (—41 — 5] — 5k)

Step 4: Compute the cross product (7{ — 74) X ¥':

17 k
(T =) x U =|—4 —5 —5
-2 2 3
-5 -5 .|-4 -5 .|-4 -5
=1 - +
2 3 -2 3 -2 2

— (=15 +10) — j(—12 — 10) + k(=8 — 10)
= —51 4225 — 18k

Step 5: Find the magnitude of the cross product:

(7 = 78) % 7| = /(=57 + 227 + (~18)

— /25 + 484 + 324 = /333

Step 6: Compute the magnitude of '

T = V(22 + 2+ =Vi+d+9=VIT
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Step 7: Finally, compute the perpendicular distance:

g V83 _ @:\/4_:7
V17 17

Thus, the length of the perpendicular is:

To find the perpendicular distance from a point to a line, use the formula involving the

cross product of vectors and the magnitude of the direction vector.

Q31. If y = cos(m~'z)), then show that

d’y  dy
(1—902)@ —x%+m2y:0

Solution:

Step 1: Let y = cos(m™'x), where m is a constant.

Step 2: First, compute the first derivative of y:

dy . P TS S
e sin(m™ ") d:v(m x) = —sin(m™ " x) —
1
_((Z = sin(m~'xz)

Step 3: Compute the second derivative:

d?y 1 d ., 1 1
@——E-%sm(m :r)——%cos(m :B)E
d%y 1 _
g cos(m™1x)
Step 4: Substitute into the equation (1 — :v%% — 2% 1 m2y:
(1—x?) <—L Cos(m_1$)> —x (—l sin(m_lx)) + m? cos(m™1x)
m?2 m

L= 2 os(m12) + & sin(m~12) + m? cos(m™"z)
= — cos\m T — Ssin(m €T ™M= Ccosim €T
m2 m

=0 (since the terms cancel out)
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Thus, we have shown that:

When differentiating trigonometric functions with compositions, use the chain rule to

compute derivatives, and then simplify the equation to verify the result.

Q32. Verify Lagrange’s mean value theorem for the function f(z) = /x + 4 on the

interval [0, 5].

Solution:
Step 1: Lagrange’s Mean Value Theorem states that if f(x) is continuous on the closed
interval [a, b] and differentiable on the open interval (a, b), then there exists at least one
¢ € (a,b) such that:
R (UL [
Step 2: For the given function f(x) = vz + 4, it is continuous and differentiable on [0, 5]

because it is a polynomial function.

Step 3: The interval is [0, 5], so we compute f(0) and f(5):

Step 4: Using Lagrange’s mean value theorem:

f5) - f(0) _3-2 1

fO="=5=0 =75 "5
Step 5: Now, compute f’(x). The derivative of f(z) = vz + 4 is:
Fla) = 3 (Vo) = 5
Step 6: Set f'(c) = 1 and solve for c:
L
2/e+4 5
2vVe+4=5



5\2 25

4: —_ = —

et <2 A
25 25 16 9
T YT T4 T 1

Step 7: Thus, ¢ = ¥, and we have verified that the Lagrange Mean Value Theorem holds for

the function on the interval [0, 5].

Lagrange’s Mean Value Theorem guarantees the existence of a point where the instan-

taneous rate of change equals the average rate of change over the interval.

Q33. Evaluate:

212 — 3
/ (22 — 5)(22 + 4) dr

Solution:

Step 1: Use partial fraction decomposition to simplify the integrand:

202 — 3 _Ax—i—B Cx+D

@52 +4) -5 | 214

Step 2: Multiply both sides by (22 — 5)(2? + 4) to eliminate the denominators:
20% — 3 = (Az + B)(2* +4) + (Cz + D)(2* - 5)
Step 3: Expand both sides:
22% — 3 = (Az® + 4Ax + Ba® + 4B) + (Cx® — 5C2 + Da® — 5D)

= (A4 O)2® + (B + D)z? + (4A — 5C)z + (4B — 5D)

Step 4: Set up a system of equations by equating the coefficients of like powers of x: -
Coefficient of z3: A + C = 0 - Coefficient of z>: B + D = 2 - Coefficient of z: 44 — 5C =0 -
Constant term: 48 — 5D = —3

Step 5: Solve the system of equations: From A + C' = 0, we get C' = —A.
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Substitute into 44 — 5C = 0:
4A-5(-A)=0 = 94=0 = A=0, C=0

From B+D =2, wegetD =2 — B.
Substitute into 4B — 5D = —3:

AB—5(2—B)=-3 = 4B—1045B=—3

7 7 11
9B =7 B=-, D=2-—~-=">"
- 9’ 9°- 9
Step 6: The partial fractions are:
222 — 3 7 11

@52+ 4 92 —5) 0P+

Step 7: Now, integrate term by term:

1 d 11 ‘x—a
———dr=—1In
x2 — a? 20 lz+a

x_\/g —|—E-ltan_1($
z+v5| 9 2

The integrals are standard:

Thus, the result is:
1

N

In

NeRIEN|

To integrate rational functions, use partial fraction decomposition to split the expression

into simpler terms.

Q34. Prove that:

/Oaf(x)dxz/Oaf(x)dx+/0af(2a_z)dx

Step 1: Use the substitution v = 2a — z. Then, du = —dz. The limits of integration change as

Solution:

follows: when z = 0, v = 2a, and when z = a, © = a.

39



Step 2: Now, the second integral becomes:

2a

| tea-ayio= [ oean= [
0 2a

a

Step 3: Combining the two integrals:

/Oaf(:r)dx+/()af(2a—x)dx=/Oaf(x)dx+ jaf(u)du

Step 4: The integrals now cover the interval from O to 2a, so:

a a 2a
/Of(:v)dx—l—/o f(2a —z)dx = i f(z)dx

Thus, the result is proved:

/Oaf(:c)d:c:/()af(x)dx+/0af(2a—x)d:c

Use substitution to simplify integrals and prove relations between them.
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