GUJARAT TECHNOLOGICAL UNIVERSITY
BE-1 SEMESTER- PAPER SOLUTION - SUMMER 2025

Subject Name & Code:
Mathematics-1 BE01000041

Q-1: (a)
Investigate the convergence of fol —dx

1
1-x " (3 Marks)

Answer:

The given integral is:

1
1
/ dx
g 1—2

This is an improper integral because the integrand becomes infinite as x>1-.

a 1
lim / dx
a— l () 1 b

We use the substitution method or integrate directly:

Let’s define the integral as:

1
/ dr=—-In|l-z|+C
J 1—2z

Now apply limits:

linll[ In|l-z|], = lil? [~ In(1 — a) + In(1 — 0)]

= lim [~ In(1 —a) +In(1)] = lim — In(1 — a)

a—1 a—1
Asa —>17,(1—-a) > 07, soln(l —a) > —oo, thus:

In(1—a) —» +o0



Conclusion:

Since the limit goes to infinity, the integral

1
1

/ dx

0o 1—=z

diverges.

Q-1: (b)

Define beta and gamma functions. What is the relationship between beta and
gamma functions? (4 Marks)

Answer:
Definition of Gamma Function:

The Gamma function, denoted by I'(n), is defined for n>0 as:

I‘(n):/ T
0

¢ Properties:
e [(n+1)=nl(n)
o [(1)=1

e [(n)=(n-1) for natural number n

¢ Definition of Beta Function:
The Beta function, denoted by B(m,n), is defined for m>0,n>0 as:

1
B(m,n):/ ™11 - 2)" da

0

Relationship between Beta and Gamma Functions:
The relationship between the Beta and Gamma functions is given by:

I'(m)T'(n)

B = L'(m + n)



This is a very important identity in calculus and is often used to evaluate
integrals involving rational powers.

Q-1: (c)

The region between the curve
y =+/x,0 < x < 4 and the x-axis is revolved about the x-axis to generate a

solid. Find its volume. (7 Marks)
Answer:

We are asked to find the volume of revolution of the curve ¥y = \/5 from x=0 to x=4
about the x-axis.

We use the disk method:

¥ = w/ab[f(:r)]zd:r

Here,
« flz)=vz
s =0 h=41
So,

Final Answer:

V = 87 units®




Q-2: (a)

Evaluate lim 2= ysing L’Hospital rule.
x=0 X (3 Marks)

Answer:
We are given:

. 3x—sinzx

lim ——
r—0 >

Check the form:

e As x>0: numerator 2> 3x-sinx>0

e Denominator > x>0

Soit's an indeterminate form of type 0/0
We can apply L'Hospital's Rule, which says:

. fz) .. f'(z) .0 oo
Mig@) g 0% o

Differentiate numerator and denominator:
e f(z) =3z —sinz= f'(z) =3 —cosz
¢ g@)=2=g(x) =1
Apply L'Hospital’s Rule:

limw:3 cos(0) =3 -1=2

xz—0

Final Answer:



Q-2: (b)

Find the Taylor series generated by f(x) = e*
atx =2. (4 Marks)

Answer:

The Taylor series of a function f(x) centered at a is:

f"(a)

f@) = f@) + f@)z o)+ T2 —ap + L0 (@ - a)? 4
Here:
o f(x)=e"x
o a=2
Now compute derivatives:
o f(x)=e"x
o fx=ex
o f'(x)=e”"x
o f(n)(x)=e”"x, foralln
So at x=2x = 2x=2, all derivatives become f(n)(2) = e”"2
Now substitute into the Taylor series:
e =e’+e(z—2) ;—2'(:1: 2)? 4 Z—z'(x 2)% 4
Factor out e?:
ot — o2 [1 (- 2) 4 (z 2'2)2 | (z 3!2)-3 y

Final Answer:




Q-2: (c)

Find the Maclaurin series for f(x) = (1 + x)* where k is any real number. Using

. . . . 1
it, find the Maclaurin series for the function -
-X

Answer:
Solution Part 1: Maclaurin Series of (1 + x)"k

A Maclaurin series is a Taylor series centered at a=0.
The generalized binomial expansion for (1 + x)"k is:

Are)f=3 (i) 2"

n=0

Where:

n n!

So,

(k):k(k Dk =2)c(bontl) oo (

(llx)kzl{kx|Mm2|

This is valid for [x|<1.

Solution Part 2: Maclaurin Series for 1/1-x

Let’s use the result above.
We take f(z) = (1 + z)* and setk = —1:

1
1

Apply the binomial expansion:

oo
(1 w)"lzz:z:”zllm{a:zix:‘i---

n=0

So:

1 o0
1 :c:zm"

n=0

—— =1+ ()

(7 Marks)



This is valid for [x|<1

Final Answer:

1. Maclaurin series for (1 + z):

= [k
1 b k s ZU"
arar=3 (%
n=(
2. Maclaurin series for Tll

1 o0
m:Z$":1}$|$2|$3{‘

n—=0

OR
Q-2: (c)
Find the local extreme values of the function
f(x) =3x* —2x3 — 6x2. +6x + 1. (7 Marks)

Answer:

To find local extrema (local maxima or minima), we:
1. Find the first derivative f'(x)

2. Solve f'(x)=0 to get critical points

3. Use the second derivative test to classify those points

¢ Step 1: First Derivative

f(z) =3z — 223 — 6z® + 62+ 1

Differentiate:

f'(z) = 122% — 622 — 122 + 6

¢ Step 2: Solve f'(x)=0



122° — 622 — 122 + 6 =0
Divide entire equation by 6:
203 — 22 —22+1=0
Try Rational Root Theorem (try x=1):
2(1)* - (1)2-2(1)+1=2-1-2+1=0 =z=1isaroot
Now divide polynomial by (x—1):
Using polynomial division or synthetic division:
20° —z? — 2z +1=(z—1)(22* +z - 1)
Factor further:

22> +z— 1= 2z — 1)(z + 1)

So critical points are:

|
p=1 @B==; w=-1
2

¢ Step 3: Second Derivative Test

f'(z) = dd (122° — 62% — 122 + 6) = 362® — 12z — 12

T
Now evaluate f''(x) at each critical point:

o Atx=-1:

f"(-1) =36(—-1)> —12(—1) — 12 =36 + 12 — 12 = 36 > 0 = Local minimum
o Atz = %:

F - —36l 12 1 12=9-6—-12= -9 < 0 = Local i
5 - 4 § = = Oocal maximum

e Atz =1:

f"(1) =36(1)*> — 12(1) — 12 =36 — 12 — 12 = 12 > 0 = Local minimum




Final Answer:

* Local minimumatz = —1, f(—1) = 3(-1)* — 2(-1)* — 6(-1)®2 + 6(—1) +

1=34+2-6-6+1=-6

° Localmaximumat:l::%,f(%)=3(%)- 2(%) 6(}1) -IG(%) +1=
3 l..§.*.3.{_1:6_7
6 4 2 16

e Local minimumatz =1, f(1)=3-2-6+6+1=2

N 1
Test the the series Y-,

for convergence or divergence.
Q-3: (a) nE1 g Jverg

(3 Marks)

Answer:

Compare with the p-series:
1 .
Z — converges if p > 1
np
Note:

1 1 1. . .
NCREY < 2 and Z — is a convergent p-series withp =2 > 1

So we apply the comparison test:

1 1
¢ O< s g
- 1 1
e Since ) -5 converges, so does ) | ——
Final Answer:
o0
1 ) ) 1
E converges by comparison with E S
] 2
. } n
n—

1

Test the convergence of the series Y., (—1)"*1 =
converg Z,,_,_( ). "’ (4 Marks)

Q-3: (b)

Answer:



This is an alternating series, also known as the alternating harmonic series:

oo

1 1
1 n+1 . — 1 -
D (=15

n—=1

=
4

O | =

We apply the Leibniz Test (Alternating Series Test):

A series of the form > (—1)"a, converges if:
1w, =0
2. ap+1 < ay (e, decreasing)

3. ].imn—y:x, a" — 0

Let a, = 1_11
° l._ ap > 0
* [4 a, is decreasing because —5 < ,ll

e Mlimyse0: =0

All conditions of the Alternating Series Test are satisfied.

Final Answer:

o5
1
Z( 1)**1. = converges by the Alternating Series Test
n=1 n
Q-3:(c)
Define absolutely convergent series and condilioﬁﬁally convergent series.

) . w Sinn
Investigate the convergence of the series ), = (7 Marks)

Answer:
Definitions:
¢ Absolutely Convergent Series:
A series Yan is said to be absolutely convergent if the series of absolute values

2lan| converges



¢ Conditionally Convergent Series:
A series Yan is said to be conditionally convergent if:
e Yan converges, but

e >Ylan| diverges

o0 .
>
n2

Investigation of n=1

s n
n2

Let 9n =

We want to check convergence of the series:

Note:

sin n
n?

e |sinn|<1=|

So:

And we know:

o0
1
Z 3 is a convergent p-series (p =2 > 1)
n=1

By the Comparison Test:

8

n—=1

sinn

converges

n?

& Therefore, ) | S5 is absolutely convergent.

Final Answer:
¢ Definition:
o Aseries anis absolutely convergent if }|an| converges.

o Itis conditionally convergent if Yan converges but }|an| diverges.



e Conclusion:

SIS o dcsionsl t
Z —5— is absolutely convergen

n=1

OR

Investigate the convergence of the series Z;‘{;lz—’:.
Q-3:(a) w (3 Marks)

Answer:

We are given the series:
o0
>
n!
=1

This is a series with positive terms, so we can use the Ratio Test.

¢ Ratio Test:

2
Let 4 = i
Compute:
a anid n! 2-2 n! 2
L=llm "+1=llm——=llm——=llm
n—oo | a, n—00 (’n, | 1)' on n—00 (n }- 1) .n! 2n n—oon + 1

Now evaluate the limit:

=0

I -
m
nl—>:x, n il

Since L=0<1, the series converges absolutely by the Ratio Test.

Final Answer:

2'".
Z -y converges absolutely by the Ratio Test

n=1




1

Find the sum of the series Y7 ——.
Q-3:(b) "+ (4 Marks)

Answer:

We are given:

=~ 1
Zn(n 1)

n=1

This is a telescoping series. First, decompose the term using partial fractions:

1 A B

n(n+1) n l n+1
Multiply both sides by n(n+1):
1=A(n+1)+B(n)
Now solve for A and B:
e Letn=-1:1=A(0) +B (-1) =B=-1
e Letn=1:1=A(2) +B (1) 1=2A-1=A=1
So:

1
n(n + 1)

1
n+1

1
n

¢ Now write the series:

o0
n=1

1 1
n n+t+1l
Write first few terms:

(G-3)+(G-3)+(-3)

This is a telescoping series — most terms cancel out:



Why? Because:

Final Answer:

oo
Znnil

n=1

@=3)"

Q-3: (c) For what values of x does the series Y5, = " converge?

Answer:

We are given the power series:

o0 r — 3)"
Z( n)

n=1
This is a Taylor series centered at x=3. Let:

(z —3)"

ap =

(7 Marks)

We want to find values of xxx for which the series converges. Use the Ratio Test:

¢ Step 1: Apply the Ratio Test

Let:

Then:



Ap41 (IE 3)" : . n _ |-’E 3| . n
an, n+1 (z—3)* n+1
Now take the limit:
lim |z — 3| - = |z — 3|+ lim = = |z —3|-1=|z - 3|
n—00 n+1 n—oo N + 1

The Ratio Test says the series converges if the limit < 1.

¢ So, convergence condition is:

z-3]<1 = 2<z<4

¢ Step 2: Test the endpoints of the interval

We now check x=2 and x=4

Case 1: x=2

7

oo 00
n=1 n=1

This is the alternating harmonic series, which is conditionally convergent

Case 2: x=4

S (4-3)" 1
" w ~2em

n—

This is the harmonic series, which diverges X

Final Answer:

The series converges for:

z € (2,4] (i-e., converges absolutely in (2,4), and conditionally at z = 2)

Or written more precisely:



Q-4:(a)

The series converges for 2 < x < 4

xy? d i "
24yv does  lim f(x,y) exist?

If f(x,y) =
fe) SR (3 Marks)

x

Answer:

We are asked to check whether the limit

:l)y2

li g
(1',.1/)13%0,0) x? + yt

exists.

To do this, try approaching (0,0) along different paths:

¢ Path 1: Along x=0

0 - y?
f(O’y) - 0_}_ y4 _0
¢ Path 2: Along y=0
z - 02
f(m’O)_ mz_*_o =0
¢ Path 3: Along y = /Z (i.e, = = y?)
substitute z = y? into the function:
vy oy

fy) = = =
vv) B2 +yt ytryt 2yt

$ Comparison:

Along x=0 and y=0, the limitis 0



e Alongx=y”"2, thelimitis1/2

X Conclusion:

Since the limit depends on the path taken, it does not approach the same value
from all directions.
Hence, the limit does not exist.

Final Answer:

The limit does not exist

If z = x%y + 3xy*, where x = sin2t and y = cost, find = when t = 0.
de (4 Marks)

Q-4: (b)
Answer:
We are given a composite function:
o z=z(X(1),y(1))

e Use the chain rule to find ‘(le:

dz 0z d_a:{@z dy
dt Oz dt Oy dt

¢ Step 1: Compute partial derivatives

Given:

z = 2’y + 3zy*

9z
dy

= 2% + 12293

¢ Step 2: Compute derivatives of xand y

Given:



e I =-sin2t = ‘fl—’[ = 2eon 2t

° y:cost:%: sint

¢ Step 3: Evaluate at t=0

At t=0:

e z=sin0=0

e y=cos0=1

e % —2cos0=2

e %= s§in0=0

Now substitute into partial derivatives:
« E=2001)+3(1)"=3
e % =(02+12(0)(1)*=0

dy
Now apply chain rule:

dz2 0z dx 0z dy

—_—=—r— 4+ ——==3:-240-0=6
dt or dt Oy dt
Final Answer:
dz
— =6 att=0
dt
Q-4:(c)
Find the extreme values of the function
. 2 s 2 2
f(x,y) = x* + 2y° on the circle x* + y* = 1. (7 Marks)

Answer:
This is a constrained optimization problem, where we optimize f(x,y)=x"2+2y"2
Subject to g(x,y)=x"2+y"*2-1=0

We’ll use the method of Lagrange multipliers.



¢ Step 1: Lagrange’s Equations

Define:

¢« flz,y) =2 +2y°

¢« glz,y)=a*+y* -1

Lagrange’s method says:

Vi=AVg

Compute gradients:
o Vi=(2x,4y)
o Vg=(2x,2y)
Set up the system:

2e=X-2z (1)
dy=2Xr-2y (2)
2 +y* =1 (3)

¢ Step 2: Solve the System
From (1):

Ifz #0= =1

If z = 0, continue

26 =)\-22 =

From (2):

Ify £0=\=2

dy=A-2y =
y y If y = 0, continue

So for both (1) and (2) to be satisfied simultaneously, consider the possible cases:

¢ Case 1: x#0, y#0

Then A=1 from (1), and A=2 from (2)
X Contradiction > This case is not possible



¢ Case 2: x=0x = 0x=0
Then from constraint:
P+t =1=>y=4=1
Evaluate f(z,y):
e £(0,1)=0+2(1)=2
e f(0,-1)=0+2(1)*>=2

¢ Case 3:y=0

Then from constraint:
x"2=1=x=%1

Evaluate f(x,y):
o f(1,0)=1+0=1

o f(-1,00=1+0=1

Final Answer:
¢ Maximum value:f (0, £1) =2
¢ Minimumvalue: f (x1,0) =1
Maximum =2, Minimum =1
OR
Q-4: (a)
Find the equation of the tangent plane at the point (—2,1, —3) to the ellipsoid

2 72
—+y2+=—=3.
rELg 9 (3 Marks)

Answer:

This is an implicit surface, so we’ll treat it as a level surface:

:L'Q 2
F(:c’y7z): ty

PR 2|Z
4

9
Let:

F(x,y,z)=3F



The equation of the tangent plane to a surface F(x,y,z)=c at point (x0,y0,z0)) is:

Fl.(:r(,,y(,,zo)(:c x()) | F;u(ﬂfo,yo,z())(y y()) f F;(:vo,yo,zo)(z Zo) =0

¢ Step 1: Compute partial derivatives
F—d z? =z o (2)_2 F—d 2> 22
*Td\a) "2 Tl T =T \9) "9

¢ Step 2: Evaluate at (-2,1,-3)

2 6 2
F(-2)=7=-1, F()=2 F(-3)=75=-3

¢ Step 3: Write equation of the tangent plane
2
1l(z+2)+2(y-1) g(z +3)=0
Multiply through to simplify:

(z+2)+2(y-1) %(ziS)zO

2
x—2+2y—2 gz 2=0

Combine terms:
-x+2y-2/3z2-6=0
Multiply the whole equation by 3 to eliminate the fraction:

-3x+6y-2z-18=0

Final Answer:

3z + 6y —2z2=18| or |3z —6y+ 2z2= —18

Q-4: (b)



Find the directional derivative of the function f(x,y) = x?y* — 4y at the point

(2,—1) in the direction of the vector v = 2i + 5j. (4 Marks)

Answer:

The directional derivative of f(x,y) at a point (x0,y0) in the direction of a vector v_ is:
Dif = Vf(ivo, Yo) - U

Where:

+ vi=(5%)

o U= %[ is the unit vector in the direction of ¥

¢ Step 1: Compute Gradient V f

Given:
flz,y) =2y — 4y
° g{ = 21}y3

. %:3:1323;2— 4

Now evaluate at (2,-1)):
. U =202)(-1=4(-1)= 4
e Z=3(9)1)-4=12-4=38
So:

Vf(2,-1)=(-4,8)

¢ Step 2: Normalize the direction vector v'=(2,5)

5] = V22 + 52 = V4 +2 :\/29:»17:(

¢ Step 3: Compute the dot product



Df—(48)<2 5)—1(42|85)—1(8}40)—
Yo V29'V29) /29 /29 B
Final Answer:
. : ; . 32
Directional derivative = —
v/ 29

Q-4: (c)

Find the local extreme values of the function f(x,y) = xy — x* — y? — 2x —

= A (7 Marks)
Answer:

To find local extreme values:
1. Find first partial derivatives and set them to zero (critical points)

2. Use the second derivative test to classify the critical points

¢ Step 1: First-order partial derivatives
f@y)=ay—a* -y’ -2z -2y +4

° fl.:ﬂ:y 2¢ — 2

ox
° fu:%:x 2y — 2

Set both equal to zero:

¢ Step 2: Solve the system
From (1): y=2x+2

Substitute into (2):



X—2(2x+2)-2=0=>x-4x-4-2=0=>-3x=6=>x=-2
Then: y=2(-2)+2=-4+2=-2

So, critical pointis (-2,-2)

¢ Step 3: Second-order partial derivatives

Compute second partials:

_&F _
® fx'.r = 32z — 2

. hy:&f: 2

dy?

. &7 _
¢ f“"l’/ — Oxdy 1

Now compute the discriminant:

D = f;l.';l:f;ll!l (f:l',l/)2 = ( 2)( 2) (1)2 = 4 ]‘ = 3 > 0
e D>0
o fxx=-2<0

So, this pointis a local maximum

¢ Step 4: Evaluate f(-2,-2)
f(-2,-2)=(-2)(-2)-(-2)2-(-2)2-2(-2)-2(-2)+4=4-4-4+4+4+4=8

Final Answer:
¢ Local maximum at (-2,-2)

¢ Maximum value: 8

Evaluate [ [*(4 — y?)dydx

Q-5:(a) (3 Marks)

Answer:

This is a double integral over a rectangle:



Note that the inner integral is with respect to y, so integrate 4 - y*2 first:

¢ Step 1: Inner integral

3 313
. 2
/(4 yz)dy:[4y y—} :<4-3 —7) 0=12-9=3

)

¢ Step 2: Outer integral

Now integrate with respect to xxx:

0

2 2
/ 3d:z::3:c‘ —3.2-6
0

Final Answer:

6
Q-5: (b)
Evaluate [[, (3x + 4 y*)dA where R is the region in the upper half-plane
bounded by the circles x* + y? = 1 and x* + y? = 4. (4 Marks)
Answer:

This is best solved in polar coordinates, since the region is bounded by circles and
symmetric about the origin.

¢ Step 1: Understand the region

¢ Theregion RRR lies between two concentric circles with radii 1 and 2
¢ Onlythe upper half-plane, so 6€[0,T]

¢ Radiusre[1,2]



¢ Step 2: Change to polar coordinates
Recall:
e Xx=rcosf
e y=rsinB
e dA=rdrdb
The integrand becomes:
3z + 4y* = 3rcos 6 + 4(rsinf)? = 3rcos @ + 4r*sin’ 6

Now write the double integral:

by 2
// (3z + 4y*) dA :/ / (37 cos 6 + 4r*sin” ) r dr df
R 0o J1

Multiply rinside:

'y 2
— / / (3r2 cos 0 + 4r° sin? 0) dr df
o J1

¢ Step 3: Evaluate inner integral
Break itinto two parts:

l,:
392

2 2
/ 3r2cos¢9dr:3cos€/ r? dr = 3cos @ [%] =cosf(8 — 1) = Tcosf
1 1 1

1,:

2 2 472
/ 473 sin® @ dr = 4 sin® 9/ r* dr = 4sin® @ l%] = sin® 6(16 — 1) = 15sin® 6
1 1 1

Sothe total inner integral:

7cos@ + 15sin® @

¢ Step 4: Integrate with respect to 0

/‘ (7cos @ + 15 sin’ 6) do

0



Break into two integrals:

First term:

/ 7TcosOdf = T[sinf]f =7(0 - 0)=0

0

Second term:
Use identity: sin® § = 1=<g52¢

2 2

0 0

Final Answer:

151/2

Q-5: (c)
Sketch the region of integration, reverse the order of integration and evaluate the
s 101 . . 5
integral [ [ sin(y?) dydx.

Answer:

We are given:

e Outerintegral: x€[0,1]
e Innerintegral: ye[x,1]

SotheregionRis:
R={(z,y)eR?|0<z<1l,z<y<1}

This is the triangle bounded by:

e x=0
° y=1
) y=X

Step 2: Reverse the Order of Integration

Original:

/155in20d0:15/ ﬂdezﬁlo sze] _ 5

(7 Marks)



e Xx€[0,1]

o yE[Xx,1]

When reversing, we look at:
¢ ye[0,1

e Xx€[0,v]

So the new integral becomes:
L py
/ / sin(y?) dz dy
0 0

Step 3: Evaluate the Integral

A l l A ' sin(y?) d:z:] dy

Since sin(y*2) is constant with respect to x, integrate:

Yy .
=y - sin(y”)

y
/ sin(y?) dz = sin(y?) - m‘

0 0
Now integrate with respect toy:

1
/ y - sin(y”) dy

0
Let’s use substitution:
letu = y? = du = 2ydy = ydy = %du
Change limits:
¢ Wheny=0=>u=0
¢ Wheny=1=u=1
So:

1 1
/ ysin(y?) dy = %/ sin(u) du = %[ cos(u)]g = %( cos 1+ cos0)

0 0

1
= (1 1
2( cos1)



Final Answer:

1 cosl

OR

Q-5:(a)

Evaluate the triple integral 1. 8 xyz? dV where B is the rectangular box given

by
B={(xy,2):0<x<1-1<y<20<z<3}. (3 Marks)

Answer:

We are integrating over a rectangular box. All limits are constants, so we integrate

term by term:
1 p2 3
///myzde:/ / / ryz® dz dy de
B 0o J-1Jo

¢ Step 1: Integrate w.r.t. z

3

3 3 3 9
/ a:yz2dz::1:y/ 22dz =y lz—] =:z:y-—7 = 9zy
0 0 31, 3

¢ Step 2: Integrate w.r.t. y

2 2 2172
y a1 s oy
9zydy = 9 dy=9z |L| =9z.(Z——=)=9z.2=2L
/1wyy :v/_lyy x[z]_l :c(2) oo =a

¢ Step 3: Integrate w.r.t. x



/1 27 27 [221' 27 1 27
_xd:c:_. _— — ¢ — = —
o 2 2 |2 9

Final Answer:

27/4
Q-5: (b) Find the area of the region R bounded by y = 2x? and y? = 4x. (4 Marks)

Answer:
Step 1: Understand the region

We are given two curves:

1. y = 2z — a parabola opening upward
2. Y=dz=>2= UT — a sideways parabola
Let’s find the points of intersection:

Substitute y = 2z into y? = 4
22 =4z =4z =2=2(2>-1)=0
So:
e Xx=0, x=1
Find corresponding y values:
o Atx=0:y=0

o Atx=1x:y=2(1)"2=2

¢ Step 2: Express area between curves

Since y = 2x"2 is the upper curve and from y”*2 = 4x, we get:



We integrate with respectto y fromy = Otoy = 2

N

Left curve: & = -

Right curve: solve y = 222 = = = /y/2

2 2
= [1VE %)
0 2 4

Now area is:

Let’s evaluate this:

Splititinto two parts:

2
. 2 /i _r2 1 .1/2.4,., 1 2.3/2|7 _ 2 3/2 2 4
wfy VEdy = [y Jytdy = J 36| = g5 = g5 2vE =
) 2-"2d 1 AP s 2
o Ty =5%|=15=53
So:
4 2 2
A:— _— = -
3 3 3
Final Answer:
2/3

Q-5: (c)

Find the volume of the solid that lies under the paraboloid z = x* + y* and

above the region R in the xy-plane bounded by the lines y = 2x and the

parabola y = x*.

(7 Marks)

Answer:

Step 1: Sketch and Set Up Limits

We are to integrate z = x"2 + y*2 over the region bounded between:
e y=x"2(aparabola opening upward)

o y=2x (a straightline)

Find points of intersection:



?=2r=>2’-22=0=>2z(z-2)=0=>2=0,2
So, region is between:
¢ x€[0,2]

e Foreachx, yE[x2,2x]

¢ Step 2: Set up the integral

2 2z
V:/ / (z® + y*) dy dz
0 Ja?

¢ Step 3: Inner integral w.r.t. yyy

e 3 2z 22)3 213
/ (z® + y*) dy = z*(y) + ‘% i = 22(2z — 2°) 4 By — [y 5 (%) = 2%(2z — z?) 4

2

=22 —z* +

Now combine:

_ " 5 8.’173 (L'G)
= (22° — z*) 4 (—3

Let’s combine the terms into a single integral:

2 3 6
Vz/ [2w3$4{&l:—m]da:
0 3

Write with common denominator:

2 /623 — 321 4 823 — 6 2 /1423 — 3zt — 26
— / dx = / dx
0 3 0 3

¢ Step 4: Integrate term by term



2 1423 — 324 :z:Gd 1
= - —— . —
0 3 a 4 5 7 0
Evaluate:
142* _ 14.16
« 5§ =Ty =8
o 32° _ 332 _ 96
B &5 B
a’ _ 128
* T 7
So:

Compute inside:

Get common denominator (LCM of 5and 7 is 35):

1960 96 672 128 640

6= ——, — =_——, -
35 5 35 7 35
Now:
1 (1960 - 672640\ 1 648 648
g 35 3 35 105
Simplify:

216
v=""
35




