B.Se. Eng. ME/PE/I* Sem. Date: April 23,2025

ISLAMIC UNIVERSITY OF TECHNOLOGY (IUT)
ORGANISATION OF ISLAMIC COOPERATION (OIC)
DEPARTMENT OF NATURAL SCIENCES

Semester Final Examination Wineter Semester: 20232024
Course Number: Math 4111 Full Marks: 120
Course Title: Modelling with calculus and ODE. ‘Time: 2 Hours

Please answer according to the order of the questions. Answer all the 4 (FOUR) questions.
The symbols have their usual meanings. Marks of each question and the corresponding CO and
PO are written in the brackets.

1.2) The formula for the power output P of a battery is o)
P =VI-RI
where I/ is the electromotive force in volts, R is the resistance in ohms, and [ (POI)
is the current in amperes. Find the current that corresponds to a maximum
value of P in a battery for which V = 12 volts and R = 0.5 ohm. Assume
that a 15-ampere fuse bounds the output in the interval 0 < [ < 15. Could
the power output be increased by replacing the 15-ampere fuse with a 20-
ampere fuse? Explain.

b)  Coughing forces the trachea (windpipe) to contract, which affects the velocity  (10)
vof the air passing through the trachea. The velocity of the air during (CO2)
coughing is ®o1)

v=kR=")r?,

where k is a constant, R is the normal radis of the trachea, and r-is the radius

during coughing. What radius will produce the maximum air velocity?

€ Using the second derivative test ind the relative extrema of £(x)
Sxl

35+ (10)

2.2) A farmer plans to fence a rectangular pasture adjacent to a river (see the  (10)
Figure Q2.a. The pasture must contain 405,000 square meters in order to (CO2)
provide enough grass for the herd. No fencing is needed along the river. What  (POI)

ensions will require the least amount of fencing?

Figure Q2.a: A Rectangular Pasture Adjacent to a River

b)  Use Newton's Method to approximate the zeros of f(x) = 2x* +x* —x+  (10)
1. Continue the iterations until two successive approximations differ by less (CO2)
than 0.0001. ®02)

©) Find the aféalof the region bounded by the graph of y = 2x? = 3x + 2, thex-  (10)

(co2)

axis, and e Vertical lines x = 0 and x
~ (PO2)



3.a)

4a)

Find the general solution the following differential equations: (10)

Py o)
i) y(2y+1)de s x(1429-2) )d =0, ¢
()V(Aw)*(*w:)r ®o1)
i) (D*~81)x=0, wh
(i) (0*~81)x=0, where D=
“The motion of a mass atached to a spring with external force £(r)=Scosdt  (10)
is shown in Figure Q3. which sisies th following intal value probiem  (©02)
ave) Lt
1 de 1
& 12% 2x= 7). with x(0) =1, % (0) =0.
L2 2% 20 70wt x(0)=2. 4(0)
Apply solve the we.
X
AN
Figure Q3.b: A block-spring system with an extenal for )
Solve: -4y Ay =48, )
(C03)
°02)

Find the charge (r) on the capacitor in an LRC-series circuit in Figure Q4. (10)

C

when L=02Shenry(h), R=10 ohms (2),C=0001fwad (0, E()=0, & 013‘)

9(0)=g, coulombs (C), and (0)=0. Write the lincar second-order

differential equation that satisfies the LRC-series circuit. Hence formulate the

IVP and solve it.

Figure Q.a: LRC-seris cireuit

Apply variaion of parameters method to solve 2" -8+, (19)
(c03)
®02)

Solve: x'y"~Txy'+16y = y(1)=0.y(1)=1 (10)
(CO3)



