Engineering Mathematics I
(Comp 400.001)

Midterm Exam, October 31, 2012
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1. (20 points) Consider Newton’s law of cooling: dT/dt = k(T —T.,), k < 0, where the
temperature of the surrounding medium 7}, changes with time. Suppose the initial
temperature of a body is 77 and the initial temperature of the surrounding medium
is Ty and T,,, = Ty + B(Ty — T'), where B > 0 is a constant.

(a) (15 points) Find the temperature of the body at any time ¢.
(b) (3 points) What is the limiting value of the temperature as t — 00?

(¢) (2 points) What is the limiting value of 7}, as t — co?
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2. (10 points) When y;(x) and ya(x) form a basis of solutions of the following equation:
y' (@) + pla)y (2) + q(x)y(z) = 0,
show that
(@) = —r(a) [ LD gy [ gy ioh W (0) = a2 )yh(0) - (o),
w ( ) W (x)

is a particular solution for the following nonhomogeneous linear ODE:

y"(x) + p(2)y'(x) + q(x)y(z) = r(z).

Proof: Let ui(z) = — | "’&T gr)dfr and us(z) = ylé;);()‘”) dzx. then @

yp(z) = wi(@)y1(2) + uz(2)ya(e),
L) = @) + @) + @) + @ ]@
‘%I/J(l) + g%;()—l)yz(l) = 0.
Thus, we have
yo(x) = ui(z)yi () + ua(@)ys(2), @
yp(x) = ui(e)i(@) +up(2)ys(@) + ua(@)yy (x) + va(z)ys (2).

Consequently,

where
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3. (10 points) Solve the following initial value problem:

4" +y =0, y(l)=2,9(1)=4
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4. (15 points) Find the general solution of the following equation:

y' =2y +y =2+ 6xe”.
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5. (20 points) Solve the following initial value problem

Y’ — 5y 4+ 6y = 2tu(t — 1) +6(t—2), y(0)=0, y(0)=1.
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6. (15 points) Solve the following equation

f/(t> =1-—sint — /Ot f(T)dT’ f(O) s ff
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7. (10 points) Find the inverse Laplace transform of the following function:
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