MA10192 Mathematics 1 Semester 1, 2017/8

Solutions to Exercise Sheet 9

1. This is just another way of saying: find the general antiderivative of 9. The solution
1s

/9xdx = ng—i-C.

2. We use separation of variables. Thus

xd—y = yx2
dx
becomes p
/ YW _ / xdx.
Y
This implies that
2
In|y| = % +C

Solving the equation for y, we find that

y = £ 120 = fe**/2,

where A = +e“. Now we look for the value of the constant A that corresponds to
the initial condition yy = 3 at = 0. This gives the equation 3 = Ae’, and so A = 3.
Therefore the solution of the initial value problem is y = 3¢%*/2.

3. (a) The easiest way to solve this problem is by separation of variables. We first
note that we can rewrite it as

2
—_ = - —1
dx 3y(x )
Thus J .
2 _ —/(:L‘Q—l)dfb,
Y 3

and therefore,
1 /3
1 =—|—=- C.
n |yl 3 < 3 :l:) +

y = A€x3/9—x/37

It follows that

where A = +¢©.



(b)

Divide through by x to rewrite the problem as

d
& + 22y = 6.
dx

We use an integrating factor m, which is given as the solution of
— = 2xm,
dx

namely m = ¢* . Now the function z = my satisfies

dz d dy dm dy
- — < - = - 2 = .
o dx(my) m 0 + . y=m 0 + 2zmy = 6mx

Hence

z= /6376762 dr = 3e” + C,

and therefore . ,
y=—=3+Ce .
m

First we try to find a particular solution with the method of undetermined
coefficients. That is, we try to find a solution of the equation of the form

y = (Az + B)e ™*. Then

d
% + 4y = Ae ™™ — 5(Ax + B)e ™ + 4(Azx + B)e ™™ = (—Arx + A — B)e ™.

The right hand side should coincide with ze™%, so we choose A = —1 and
B = —1. That is, the function y = —(z + 1)e™>" solves the equation.

—bx

Next we consider the homogeneous equation

dy

— 44y = 0. 1

oy T (1)
Using separation of variables, we see that y = Ce™** is the general solution of
(1). Now the general solution of the equation from the question is the sum of
the two:

y=Ce ™ — (x+1)e ™,

Again we try to find a particular solution with the method of undetermined
coefficients. We guess that a particular solution of the form y = Asinx+B cosx
may exist. If so, then

d
&y + 5y = (Acosx — Bsinz) + 5(Asinx + Bcos )

dx
=(A+5B)cosz + (hA — B)sinz.

So we need to solve the equations A + 5B =0 and 54 — B = 1. Multiplying
by 5 in the second equation and then adding both, we get 26A = 5; so A = %,
and then B = —%. Thus we have the solution
o . 1
Y= —sinr — — cosz.

26 26



The general solution of the corresponding homogeneous equation is
y = Ce ™.
So the general solution of the equation from the question is

) 1
y = Ce ™ + %Sinx ~ 55 8%
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