Differential Equations
Homework 2
Due Jan. 31, 2024 (Wed.)

Note:
e Please show all of your work (writing a list of answers is not sufficient).
e Please indicate the people you worked with.

e Several random problems will be graded (1 point each).

1. Find a function y = f(x) satisfying

dy _

o= (- 2)%y(2) =1

1
y(m)_/(x—2)2dx+c_3(x—2)3+c
YD) =5(3-37+C=1-C=1
y(x)z%(m—2)3+1

2. Find a function y = f(z) satisfying

d
%zw 224+ 9y(—4)=0

y(z) = /:c\/$2 +9dz + C

Let 1
u:m2+9—>du:2xda:—>dx:2—du
T

Then

y(x)—/x\/mczwrc—/a;\/ﬁ;du+c—;/\/ﬁdu+0
X

L Y _ 12 5, Y 1o, 3/2
—2/u du+C—23u +C—3u +C'—3(a: +9)°+C

1 125
y(—4) = 5 (16 +9)8 4 c=0-0C= 5

Ly g 125
y(a) = 5+ 92 - =



3. Find a function y = f(z) satisfying

dy _

12 ze Ty(0) =1

y(z) = /a:e_md:c +C

Integration by parts
y(r) = —zxe ™™ — /_e_xda: +C=—ze "+ /e_mdx +C=—ze"—e"4+C

y(0)= 0 —e+C=1=-14+C=1—-C=2
y(z) = —xe ¥ —e T+ 2

4. A diesel car gradually speeds up so that for the first 10 s its acceleration is given by

d
d—: = 0.12t2 + 0.6t (ft/s?).

If the car starts from rest (zg = 0, v9 = 0), find the distance it has traveled at the

end of the first 10 s and its velocity at that time

dv 9
— = 0.12¢° 4- 0.6
dt *

2(0) = 0,v(0) =0
v(t) = 0.04t 4 0.3t + C
v(0)=C=0
v(t) = 0.04t> 4 0.3t
Z—j = 0.04t3 +0.3t?
z(t) = 0.01t* + 0.1 + C
z(0)=C=0
z(t) = 0.01t* + 0.1¢3

2(10) = 200, v(10) = 70



5. Find the general solution of

dy

— 4+ 22y =0

I + 2xy
d 1
& _ —2xy — —dy = —2xdzx
dx Y

1
/dy - /_Qxdx +C =yl =—2?+C oyl ="t =l = Ce
Y

Y= Ce
6. Find the general solution of
dy
1+2)2—=> = (1+y)?
(+2PE=(1+y)

1 1 1 1
T = e [ arp = et
1 1 -1+C(1+x)
T (1+y) __(1+m)+c_1+—x
1+y)(1-C(l4+z)=1+=x
1+

(1-C(l+u2))
_ 142z
YTa-ctrao)

(1+y) =

or
__1+tz
YT a+c(ta)
7. Find the general solution of

N
ydﬁ = (y* +1)cosz

———dy = d
| y = cos xdx

y?
/y4+1dy:/cosxdx+6'

By using substitution (u = y* + 1)

1
Zln(gfl +1)=sinz+C



In(y* + 1) = 4sinz + C

or
4 + 1= e4smm+C C 4sinx _ 0645111:1:

Y =e’e

y4 — C€4sinx -1
8. Find explicit particular solution of
dy 2 2 2
—= =2 3 ,y(l) = —1
oy = 2wy 327y y(1)

d 1
% = 2zy® + 32”y* = (2z + 32%)y* — ?dy = (22 + 32%)dx
1 2 1 2 3
?dy: (2a:+3w)dm+0—>—§:x +x°+C
1

——1:12+13+C—>C:—1

1 2048 1 1
I SR S S
Yy Y 2+ a3 -1

9. In a certain culture of bacteria, the number of bacteria increased sixfold in 10 h. How
long did it take for the population to double?

P(0) =Py
P(10) = 6Py
P(t) =2P) —»t ="

dpP

Y kP PO)=P
dt  P(0) = Py

1 1
—dP = kdt —dP = [ kdt
P — / 2 / +C

In|P| =kt + C — |P| = MTC = Okt = Ot
P = £Ceft = Dekt
P(0) = De*? = D = Py
P(t) = Pye
_Ing

P(10) = Roe'™ = 6Py — '™ =6 — k=

lnGt

P(t) = Poe 10

P(t) = Poei0t = 2Py — €10t =2 — t = = ~ 3.8685 h

10



