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Note: 1. This question paper contains two Parts A and B.
2. Part-A contains 10 short answer questions. Each Question carries 2

BL — Blooms Level

Marks.

3. Part-B contains 5 essay questions with an internal choice from each unit.

Each Question carries 10 marks.
4. All parts of Question paper must be answered in one place.

CO — Course Outcome

PART - A
BL | CO
1.a) 1 2 3‘ L3 | CO2
Find the rank of the matrix |1 4 2
2 6 5
1.b) | Define Echelon and Normal form of a matrix L2 | CO2
1.c) | If a 2x2 matrix A has trace 6 and determinant 8, | L2 | CO2
find its eigen values.
1.d) | Write the necessary condition for a square matrix | L2 | CO2
to be diagonalizable.
1.e) |Find ¢ by using Cauchy’s mean value theorem | L3 | COl
for the functions e* and e™ in the interval [a, b]
1.f) |State Lagrange’s mean value theorem and its| L2 | COl
geometrical interpretation.
1.9) |Show that the function f(x,y)=-— is| L2 |COl

2x+y
discontinuous at origin.
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L.h) | Estimate g—i and g—i ifx+y=logz L3 | COl

L1) | calculate [ fle/l—le\/l—yz dx dy L3 €03

1.)) | Change the double integral from cartesian to| L3 | CO3
vad 2
polar coordinates f Jy + y? dydx

PART - B
Max.
BL | €O Marks
UNIT-I
2 | a) 2 0]/ L3|CO1| 5M
1 2 0 _
I A—lo 1 3 and B—(1) 1]

Compute det(AB) directly and verify
using Cauchy-Binet formula.

b) | Calculate the value of p if rank of the| L3 |[CO2| 5M

(1 1 -1 0]
4 4 -3 1
matrix A is 3 where p 2 2
9 9 p 3
OR

3 |a) |If the following system has non-zero| L4 | CO4| 5M
solution , show that a+b+c=0 or
a=>b=c:

ax+by+cz=0, bx+cy+az=

0, cx+ay+bz=0

b) | Test for consistency the following| L4 [CO4| 5M
equations and solve them if consistent.
x—2y+3t=2, 2x+y+z+t=-—4,
4x —3y+z+7t =8
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UNIT-II

4 6 6 L3 |CO2| 10 M
fA=|1 3 2| thenfind A*, A* by
-1 —4 -3
using Cayley-Hamilton theorem.
OR
Using orthogonal transformation, Reduce the | L3 |CO4| 10 M
quadratic form x? + 3y?% +3z%—2yz to
canonical form.
UNIT-1I
a) | Using Rolle’s theorem find the value of c| L3 [CO5| 5 M
x%+ab . .
for f(x) = log{x(a+b)} in [a, b]
b) | By applying Taylor’s series, expand the | L3 [CO3| 5M
function f(x) = sinx about x = %
OR
Forany x > 0,showthat1 + x <e*<1+xe* | L3 |CO5| 10 M
UNIT-IV
a) | If u = log(x3 +y3 + z3 — 3xyz),| L3|CO3| 5M
a a9\ -9
Show that (a + @ + a) u= iy12)?
b) |[If u=x?—-y2% v=2xy then find| L3 |CO3| 5M
a(u,v)
a(x.y)
OR
The temperature T at any point in the space| L4 |[CO5| 10 M

(X, y, z) is T = 400xyz?%. Find the highest
temperature on the surface of the sphere
x2+y?+2z2=1
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UNIT-V

— 2
101 Evaluate fol f:ﬁ '—x2x+y2 dydx by L31C05 ) 10M
changing the order of integration.
OR
11| a) | Using double integration, find the area| L4 |CO3| 5 M
between the circles r = 2sinf  and
r = 4sinf
b) | Evaluate foa fgc [XFY ex+y+zqzdydx L3 /CO3| 5M

0
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Subject Code: 23BS1101

PVP23

I B.Tech. I Semester Regular Examinations - DECEMBER-2025

LINEAR ALGEBRA and CALCULUS

( Common for ALL Branches )
Key & Scheme of Evaluation

1.a) 1 2 3
(1 4 2) Rz—’Rz—Rl, R3——)R3"‘2R1
2 6 5
1 2 3
"'(0 Z =1 R; —» R; — R,
0 2 -1
1 2 3
~10 2 —=1] sothatp(4)=2
0 0 O
Note:-Marks can be awarded for alternate procedure(s) and/or solution(s)
1.b) | Echelon form A matrix is said to be in echelon form if
i) zero rows, if any, below the non-zero rows
ii) the number of zeros before the first non-zero element in a row is less than the number such
zeros in the next row.
Normal form Every matrix of rank r can be reduced to the form . or (/, 0) or ({9 g) by
a finite chain of elementary transformations, where I, is the unit matrix. The above form is
normal form.
1-0) A.]_ +A2 = 6, /11412 =8
Then Al == 2,2 =12
-'-2.1=4, )12=2
1.d)| D =P AP where |P| # 0
It has linearly independent eigen vectors (or)
The algebraic multiplicity equal to the geometric multiplicity for every eigenvalue of matrix.
l.e) | Clearly, f(x) = e*, g(x) = e™* are continuous in [a, b] ,
f(x), g(x) are differentiable in (a, b) where f'(x) = e*, g'(x) = —e ™ and
g'(x) # 0 forany x € (a,b)
s f© _ f)-f(@
Then by Cauchy’s mean value theorem 3 ¢ € (a,b) 3 T = gosta)
— et _ eb_ea
—e—€  e-b_g-a
s eb——e"'
( (eb Ea')
= —e2 = —ef%? = — et
a+b '
= 2c=a+b= c= 5 Ea.b)
1.f) | If 1) f(x) is continuous in [a, b]
2) f(x) is differentiable in (a, b) then3 ¢ € (a,b) 3 f'(c) = ﬂ%’-}’;—(“—)
Geometrical Interpretation, Let A, B be the paints on the
curvey = flx) corresponding tox =a and x = b so that A = e, fle)) and B =
[, f{bY). (Fig. 4.2)
Yt
by = fla)
¢ Sheotcuntaps (=10 b_f ! |
By (2), the slope of the chord AB = f'(c), the slope of the tangent of
the curve at Clx = ¢},
Hence the Lagrange's mean value theorem asserts that if'a curve
AB has a tangent at each of its points, then there exists at leas! one point |
(' on this curve, the tangent af which is parallel to the chord AB. O




Lg)| . x—y
e ) =l o5
x-0 x—0
. xX—-mx
= im0 2x+mx
= ;—2 which is not unique 1
Note:-Marks can be awarded for alternate procedure(s) and/or solution(s)
1Lh)| x+y=logz= z = e**
95 = Xty
dax 1
_f_jf = Xty 1
dy
Note:-Marks can be awarded for alternate procedure(s) and/or solution(s)
L.i oF 1
D f j dxdy
0o Jo V1I—x2/1—y?2
1 1 t 1
= j dx f dy 1
0o V1—2x2 0 y1-—y2
e
=[sin7x [lsinly Jo=— 1
1.j) a VaZ—xZ n/2 ra
f f (x% + yH)dxdy =f j r3drdo 2
o Jo 0 0
2.a) 2 0
(1 2 0 _ (4 2
4B=(; 1 3)((1) i)“‘(1 4) 2
Then, |AB| = [‘1‘ i = 14 1
_1 2112 0 1 0112 O 2 0111 1
Now, |Asal 1Bial+lAsslBisl + 1AzsliBasl = [ 5][1 J1+05 311G +[5 3ls 3 1
=@ +B)@)+(6)(A) =14
“ |AB| = |A1||B1z| + |A13][Bis| + |Az3|Bas] 1
Hence, Cauchy-Binet formula is verified.
11 -10
2.b) A= ; y 2 1| Re—Ri—4Ry, Ry — Ry —pRy,Ry — Ry~ 9R, :
9 9 p 3
1 1 -1 0
0 0 il 1
e 0 2_p 2+p 9 Rz'—)R2—4R1,R3—)R3—pR1,R4_)R4_9R1
0 0 p+9 3
1 1 -1 0
0 2-p 2+p 2
“lo 0 1 1| R R
0 0 p+9 3 2
1 1 -1 0
0 2-p 2+ 2
~| o 0 1 # 1 Ry = Ry — (p +9)Ry
0 0 O —p—ib
Since p(A) =3, |[A|=0=> 2 -p)(-p—-6)=0=p=2,-6 1
Note:-Marks can be awarded for alternate procedure(s) and/or solution(s)
3.a) | Given equations can be represented in matrix form AX = O
a b c x 0 0 0
where A={bh ¢ a ,X=(y),0=(0 0 O)
c a b z 0 0 0 2
a b c
AX = O has non-zero solution, if [A| =0 = |b ¢ a[|=0 R, — Ry + R, + Ry
c a b 1




a+b+c a+b+c a+b+c
=% b c a =0 Ry —R;+R,+R;
c a b
1 1 1
ﬁ(a+b+€)b c al=0 C2—>C2—-C1,C3—>C3'—C1
c a b
1 0 0
=(@a+b+c)lb c—=b a-b|=0
c a—c¢ b-c

=:>(a+b+c)[(c—b)(b—-c)m(a—b)(a-—c)]=0
= (a+b+c)(bc—c*—b*—a%+ac+ab) =0

z(a+b+c)[%((a—b)2+(b-c)2+(c-a)2)]=

0
=a+b+c=0o0ra=b=c
Given equations can be represented in matrix form AX = B
3.b) 1 -2 0 3 * 2
whereA=(2 1 1 1),X= JZ’ ,B=(4
4 -3 1 7 ¢ 8
1 -2 0 3 2
Augmented matrix, (A/B) = (2 1 1 1 _4) R2 — Rz = 2R1 § R3 — R3 - 4R1
4+ -3 1 7 8
1 -2 0 3 2
~ (0 5 1 -5 -8) R; — R3 — R,
0 5 1 -5 o0
1 <2 0 3 2
=~ (0 5 1 -5 -8
0 0 0 0 8
Here p(A/B) =3 # p(4) = 2
= The system is inconsistent.
4) 4—=1 6 6
The characteristic equation of A is |4 — 1 J |=0={ 1 3—-4 2 =0
=] -4 -3-2
=A% —ar*+bl—c=0where a=4+3—3=4

b= [-34 ~23] + [—41 —63] & ﬁ

g]=—1—6+6=—1

6
c=|Al=11 3 2|=-4
-1 —4 -3
S =4 - 2+4=0
By Cayley Hamilton theorem, we have A3 — 442 — 4 + 4] =
4 6 6\/4 18 18
A=l1 3 2 (1 ) ( )
-1 -4 -3/\-1 —4 -3 &6 -5
16 18 18\ / 4 78 78
A3=(5 7 6)(1 ) ( 27 26)
-5 —6 —5/\-1 —4 -3 1 —28 27
256 306 306
A'=43 + A -44=( 85 103 102
-85 —-102 -101
1 1
A—1=Z(_A2+4A+I)=Z(_ )
—m -6




5) 1 0 0 x
Let X'AX = x? + 3y? + 322 — 2yz where A=|0 3 -1),X= (J’)
0 -1 3 z
1-2 0 0
The characteristic equationof Ais |[A—AI|=0=| 0 3—2 —1 | = 0 which gives
0 -1 3-2
A2—7224142-8=0
= d=124
Eigen value 1 9 4
_ 1 0 0
Eigen vector | { 0 ( 1 ) (1)
0/ 1 \-1/ | \1
1 0 O
Modal matrix is (0 1 1)
0 -1 1
1 0 0
g au =
Normalized modal matrix, P = vz V2
|
0 -% %
1 0 0
Then P'AP =D = (0 2 0)
0 0 4
the canonical form is given by Y'DY = y? + 2y% + 4yZ where
1 0 0
X 0 g = V1
X=(y)=PY= vz vz || Y2
Z 0 ek ouf 39
V2 V2
6.2) flix)=1lo [x2+ab] = log(x? + ab) — log x — log(a + b) in [a, b]
9 [x@aml = 09 9 g ’
Then clearly, f(x) is continuous and differentiable.
; __2x 1 . a’+ab] _ _
Also, f'(x) = o d f(a) = log [a(a+b)] =logl=0
b% + ab
=log|————==logl=0=
f(b) = log [b(a 3 b)] logl=0=f(a)
By Rolle’s mean value theorem, 3¢ € (a,b) 3 f'(c) =0
2c _E e
c2+ab ¢
=c2—ab=0
== i\/a—b
The value ¢ = Vab € (a, b). Hence, Rolle’s theorem is verified.
6.b) | f(x) = sinx f6)=%
"(x) = & Ly o )
f'(x) =cosx f (4)"45
" = Ty __ 1
f'"(x) =—sinx f (4)— i
Substituting these values in the Taylor’s series
for = (@) + & @)+ & o) 4
4 1! 4 2! 4
2
1, Ry D
=+ T F) (g
2
_af, D)
=51t T 2t
7

Let f(x) = e*in [0, x]




Then clearly, f(x) is continuous and differentiable. -
Also, f'(x) = e*

By Lagrange’s mean value theorem, 3 ¢ € (0,x) 3 f'(¢) = Zf"%ﬁ_@_

e¥~1
=$QC=

Now,c € (0,x) =>0<c<x
=31 < et L e*

ex

=1< < e*

= x < e* — 1< xe*

=1l+x<e* <1+ xe*

Note:- Marks can be awarded for alternate procedure(s) or method(s) or solution(s).

8.
2) u=log(x*+y3+23-3xyz) —
2_
Differentiating | 1| partially with respect to x, we get %l—‘- = ';g%é%x—w
3(y%-x2) du _ 3(z%-xy)
Slmllaﬂy’ 6 x3+y3+z3—3xyz ' ¥z x3+y3+z3-3xyz
(0,0 0 _(o. 0 0\(d 08 39
“\dx  dy o0z ox "9y T 9z)\ax " oy " az)"
B (6 + d % 6)(6u+6u+6u)
“\ox 9y 9z/\ox 9y oz
3 ( d " 2 N d ) 3(x% — yz) 3(y? — x2) 3(z% — xy)
T \ox Ay dz/\x3+y3+z3—-3xyz x3+y3+2z3-3xyz x3+y3+23-3xyz
_(6+6+6) 3(x2+y* + 2% —xy — yz — x2) _
“\ax 9y 0z/\(x+y+z)(x2+y2+z2—-xy—yz—2x2))
~ s o g )
~ \ox ay 9z \x+y+z
B 3 3 B 9
- (x+y+z)2 (x+y+2)? (x+y+2?2  (x+y+2)?
Note:- Marks can be awarded for alternate procedure(s) or method(s) or solution(s).
8b)| u=x%?-y?, v=2xy
Then u, = 2%, uy, = =2y, v, =2y, vy = 2X
6(u, 17) _ Uy Uy 2% -?..y T,
a(x,y) V= "’yl Sl2y 2x |THEFYD)
Note:- Marks can be awarded for alternate procedure(s) or method(s) or solution(s).
9)

Let F(x,v,2) = f(x,¥,2) + 2¢p(x,y,2) = 400xyz> + A (x2 +y2 + 22 —-1)
Then, 5 = 400yz% + 1 (2x) = 0
a = 400yz% = — 1 (2x) = — 4°°2’;'*""’ =x% —[1]
55:400”2 +22y)=0=0
= 400xz% = -1 (2y) = — 400xyz =y —[2]
& =800xyz + 1(22) = 0

= 800xyz = — 1 (22) = — Mf_: 2 3]

From,,& we have x? = y? =?§
s+ yt4zi=1




22 22 2
=>—2—+?+z =1
= |

1 i
=z == thenx—y--

Hence, the highest temperature on the surface is 400xyz? = 400 ( ) ( ) ( \,_) =

Note:- Marks can be awarded for alternate procedure(s) or method(s) or solution(s).

10) | Here first order of integration w.r.t. y from x to V2 — x2 along the vertical strip (i.e.
y = x to x? + y2 = 2) and then integration is done w.r.t. x from 0 to 1 as shown in the figure.

By, changing the order of integration,

1o T 57 i
'[or=0 :} i '{1 ,‘[g 1!\ + 1 S
¢ LY ~1 1x/3«.r:_.— -1
= j f (x* +37)2 dxd_x-+~; [ j 2x(x” +37) 2 dxdy y
= 3=0x=0 e
V2 < _ =1
- [ T v+ [+ i av x=0 /1
=0 v=1
vz y=42
= j-[w/_f v—31yhy+ j[ﬁ— vidv / R, ,

2 ; B 14 EA v / V v=1
2 2 ¥y= 0
X

= (2D + (V2 -2
V2

1
2 2

-~
+2~1-J5+~§-=1—\/;:=1—~

—

ﬁm
K

ll_a) T r4sin@
ffrdrdﬂ =f f rdrdf
0 J2sin®
T rz 4sinf8
- j i d6
0 [2 Lsin@

T [16sin® @ — 4sin% @
=f - do

T
=f 65sin? 8 do
1]

/2 1\ /7T
— 5 LI — S Sl -
=8 2[0 sin 8d9-—12(2)()-—3n

i S BN age iy ime=n "‘}\1':‘ T e

. ity 8l |
savieads gopfirmei-zale’d

=

i
=5
o

&2 e dp dy dy = [* [Xer T dyax
= fo fo e [e**Y — 1] dydx
= foa fox (62x+2y _ ex+y) dydx

“f 2% [ezy ¥ *[e¥ ]0 dx

A (—--)-e"<e o] o

= f —(e** — 3e%* 4 2e%) dx
o 2

a
1 e4x er } e4-a 38261 3
0

Note:- Marks can be awarded for alternate procedure(s) or method(s) and/or solution(s)
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