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Q. No Questions Marks | COs KL
1 If y = sin[log(z?+22+1)], prove that (z+1)*yn+24+(2n+1)(z+1)yn+1+(n*+4)y, = 0. 3 CO1 K3
2 Expand f(z) = 2° — 2* 4+ 2® — 2> + £ — 1 in the powers of (z — 1) and find £(0.99). 3 CO1 K3
3 Discuss the convergence of the improper integral / :ceﬂ”2 dx. 3 CO1 K4
7 7 —=
4 If a®2® + b%y? = ?2%, evaluate %% + b%giyz 3 CO2 K5
33
5 Ifu= %, prove that xg—;b + y% = 3u. 3 CcO2 K4
6 Find the area enclosed between the curve 2 = 4y and the line z = 4y — 2. 3 CcO2 K5
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Engineering Mathematics I: Mid-sem 1, 2025—-26 (Semester II)

Model answers prepared for study; not an official university answer key.

1. Derivative recurrence

Write t = x + 1 and y = sin(log t?) for t # 0. Differentiation gives t?y” + ty’ + 4y = 0. Differentiate n times using
Leibnitz’s rule:
2 Yng2 + 2ntyni1 + n(n — Dyn + tynr1 + nyn + 4y, = 0.

Thus | (& + 1)2yasz + 20+ 1)@ + Dyass + (0 + 4y, = 0]

2. Expansion and numerical value

Taylor’s theorem about = = 1 gives an exact finite expansion because the polynomial has degree five:

5. (k)
sy =3 W e
k=0 ’

The derivative values are f(1) = 0, f/(1) = 3, f”(1) = 12, f®(1) = 42, f®(1) = 96 and fO®)(1) = 120. Put
h =z — 1 and substitute:

| f(x) = 3h + 61 + Th® + 4h* + 1°. |

For x = 0.99, h = —0.01, and

£(0.99) = —0.03 4+ 0.0006 — 0.000007 + 0.00000004 — 0.0000000001 = ’ —0.0294069601 |

3. Improper integral

The usual improper integral is defined by the sum of the two separate integrals at any finite splitting point. Since

2 2
[re ™ do=—1e™,
0 2 o0 2
/ re ¥ dx:—%, / re ¥ dr = %
—o0 0

Moreover f fooo |:L'|e’””2 dx = 1. It therefore converges absolutely and its value is @, not merely a Cauchy principal
value.

4. Second partial derivatives

Assume nonzero constants a, b, ¢ and a differentiable branch with z # 0. Implicit differentiation gives

a’x b2y a®>  a'x? b2 byy?
Ry = Zy = Rpx = -y Z = — = —
2z’ TV 2y 2z 423 TV 2 43
Therefore
Zex | Zyy 2 a’x? + b2y? 1
a? b2 c2z cAz3 c2z

5. Euler relation

Let D = 23 + y3 # 0. Quotient differentiation gives u, = 322y%/D?, u, = 3y*z%/D?. Hence

31,3 3$3+ 3
wﬁyuy:%:,

Equivalently w is homogeneous of degree three.
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6. Enclosed area

The line is y = (2 + 2)/4 and the parabola is y = x2/4. Their intersections satisfy #? = 2 +2, so z = —1,2.
The difference between the line and parabola is (z + 2 — 22)/4 = —(x — 2)(z + 1) /4, which is positive throughout
(—1,2). Thus the line is the upper boundary over the whole interval. A vertical strip has area (Yupper — Yiower) d2,
s0

1 /2 1 22 372 9
A:4/_1(x+2—x2)dx:4{x2+2x—m3}_1: gsquareunits.




