
 
EE 3121 HW 1 3 Solution

1 a The characteristic equation for thegiven DE is
time m 3Mt 2 1m72 mti o so thegeneralsolution is

Y c e c é
By applying the initial condition we get
7101 1 Cites Y101 6 29 C 4 7 62 8Hence 71 1 7 e get and to find the

highest point we need to find that achieves Y 1 0

Y 1 1 14 e 8 e o the_ 8é x ln
Therefore the highest point on Yix Te 8é is

Y en 8 e yé ʰ 8 7145

given In 8 In 7

The highest point is X Y Inf



Q1 b 31 2714 0 fim 3m 2m m 3Mt 2 o

M o o
Then the general solution is

41 1 C Cax C e

By initial conditions we get
7101 1 C Cz 21101 0 12 303 1101 1 C

1 C

Therefore the solution is

71 1 e 13 6 95

62 al Since thegeneral solution of the given DE is

71 1 c e C e

we can find Ci Ca for 3 and 42 separately
For Y 4,101 3 C C2 7110 2C Cz

So C 4 62 7 for 7,1 1
Y x 40 2 75

For 72 32101 0 C Ca 42401 1 2C Ca
So C 1 92 1 for 421 1
72 1 e e



Q2 b 7,1 1 721 1

4é Te e e 2é é ex

la f In 2 andY en 46m Te 2

Hence the intersection point is

IX 7 ln2 2

Thecharacteristic equation63 a J 2g 27 0 firm m 2Mt 2

1m 21 1m I 0
where It I t j

So the general solution is

Yix e c CosX Casinx and
by using the initial conditions
4101 0 C

Y 01 5 e C Coext Casinx
etc c sinx tacos x x o

C f z 4 0 C 5

Hence Yix 5e Sin x



63 b 9 127 47 0 whose characteristic

equation is

fimi 9m 12m 4

13M27 o m

Hence the general solution is

41 1 c e axe

64 I Ytaytzy zsin.cat If any
femi 4 3 m 1 0

The
complementary solution is

7 c e czé
where theparticular solution is

Yp α Sin at Cos 124

By substituting Yp back to the given DE we get
82 d Cos 12 7 α 82 Sin 2 1 2 Sin kt

2 42

Hence the general solution Yet is givenby

41 1 Ye Yp c e sé Sink 8Cos12H



04 b Y y 107 felt fim Mts m 2 o

The complementary solution is y c e C e

Then the particular solution is Yp α e
t

By substituting Yp back to the given DE

42 1 72 1 2T 10kt e't Get
32 6 so α 2

Hence the general solution 7 1 is givenby
241 Yetyp c.e.tt czett 2 ett

4 cl y 104 257 17 test Fim m 55 0
The complementary solution is

Ye c.es Cat e't and
We will use Variation of Parameter method to
find the particular solution Pay 10 81 1 25 841 17tt
W 4 YI 727 e't 1 5 1 5 test est
plot



04 C continue

ucti t
It

V41 It
It

Hence the general solution 7 1 is givenby

7 7 Yp Gesticate Je est test

c.es cate5t f est
04 d t y y Y 0 Yen 3 111 2
Assume exp e i.e ed t

5 If If f off f off
5 Iff He He fit 1

24 14 1
Then the given DE can be changed as follows

It 21 9 0 fierce cal.ee
Since ed l lnt the generalsolution is given intermsof as



04 d Continue

Yet Citt Cat Int
Due to the initial conditions we have

You C 3 Y'in C t ca dat t C2

C 2 2

So C 3 12 5 and the solution is

Yet 3T 5t.lu t

05 a y 2x I 27 0
Assume

You Eand where y_If nann j n.Inmilan.se
Then the given DE can be expressed as follows

2
nm 1 an n If anand t 2am o

forthis term denote m 2 1 then

II 1 46 1 dead If anand t 2am

1292 290 If let21 etlAet 261 1 a o

as do an

Hence Yixt II Anx where do an Ii



65 al continue

or we can also express as

71 1
14,4m 4sMX do4,1 1 AYa11

where Y.cn I If
7241 I IfAffx

65 b
x2 2 71 204 0

Assume 41 1
n
an where y IImann Immland

Then the given DE is

man E.ua Eoana

4 1 2119 1 aetaxl fentnnanxn I.namentI2oanxn o

292 2090 t 693 29 209 t

2 letzicetilaetz ese ilae 2laetzoaelxd.io



05 b continue

Then the solution is 41 1 II AnX where

92 1090 as 3A ant 1
51 n 41
4 21 141

Am

66 at 4 24 27 2e é
For complimentary solution m 2Mt 2 M 1 71 0

M I j
So Yesx é C Cos Casin X

For particular solution yp α α2é

1

p 24 21ps 2e e

1411 4 se
19Efgse

2et e
LF d

Here Yix YetYp e ccos casinx e é

66 b 4 44 44
For

complimentary solution m 4m74 Mt27 0 M 2
So Y e 4 y é



66 b continue
For particularsolution we use varition of parameters
w 1 l é

a fxef.ae dx enx dx

Hence Yex YetYp c cax Inx é

67 4
Near Natl

d
Nice Nat

Nr E

X I L I
TF

det A 72 D E 0 71 0 t_ 2

For 7 0 8 4 for D V2 l
Then

D V 4
and the general solutions are givenby

eat v e
Naco



7 continue

I 4 11 X
a ie e

I
4e Et l é

4C e E 4 e
E

1 f
icntnaoftl4N.co N.in e

t4NCoHN2Cos Naco 4N.co é t

08 a Y 34 67 Sin kt

Let's denote x ̅ then

x ̅ 1 11 Ii I
9 AT F where A F Is



98 b 47
2
e

Let's denote 5 then

tt I
AT I where A if fest

08 C 8 54 27 TT

Let's denote
kg then

t.it It I
If AT I where A1



09 A then det A 72

16 77 12 77 3
2
87 15 D 3 7 5 0

For 71 5 A 7 2 8 0

I 311 1
4 342

tt
For 72 3 A 12272 0

1 If a
4 22 so

1 1 11
let's assume 4 22 1 for simplicity
Then

D v1
and

the solution of the given DES is

x ̅ EAT Yo where



69 Continue

Y EAT y V et V Yo

L
I

If all
IT f

rest

e3t
e test

e 4e

Qio Denote E then AE whereA I
det A 2 4 31 2 2 12 72 57 6 4 6 6 1

For 71 6 A 7 I 2 0

I to 1 1 1



Alo Continue

For 2 1 A X 1 22 0

411 1 0 1 11
let's assume 4 221 1 for simplicity
Then the solution of AE is

E eat Zio v e't where

et
D ill

4e 3éᵗ

Rest e

Ce e
t

3e6ᵗ 4éᵗ

Alternative solution for a 10 Eitherforms are ok

E c e't s cze.tk E c f e a é

where C and C2 are contant



an.at x ̅1 x ̅

I
det A 72 17 172 4 2 27 3 7 3 7 1

For 3 I I 1 11 14
1 I D L H

Then the general solution is

c e't N Get 82

c f e cal éᵗ form

or you may use Matrix Exponenital as follows

1 t.cat I v.etr f I forma
If the problem asks you to use Matrix Exponential

you need to use form Otherwise form is ok

In this problem pA 2le ét et é

4le e't 263 54



011 b Denote x ̅ where
Ax ̅

A detta 2 17 212 1 17 2 x x ̅

where α 5 I j

For α 1A a 2 2 1 to flu
For 2 2 A 72212 1 f 1 1 0 82 1
Let's assume 4 2 1 for simplicity Then
the general solution is given by

c et c e a

e c e't c é f
use e'IGsttjs.at

d
e A B II where A c c

B j C Cs
011 C Denote x ̅ then Ax ̅ A
det A I 1 1 3 21 1 72 47 4

X 2 0 which is a repeatedeigenvalue



011 C Continue

For 1 2 A 7 2 V Y o 4 1 4

Let's assume K 1 for simplicity Then the first
solution of

44 is c et.se c e

which means is one solution of X H that
has a repeated root So the general solution of X.lt
can be expressed as GI c e CoteSince

24 R KI Gettate
29C Calitz e

c e C Little
the general solution of is given by

1 all e c I

Q 12 a Bysubstituting Y x x into 11 2 27



Q 12 a Continue we get
6 2

1

x x I 2x X x 3x x ̅

X 6 0 whose characteristic equation is
fimi Mt 3 m 2 0So t C e Ge and

41 1 x If 3C e 2Get_c e Ice
2C e 2 e By the initial conditions

101 f t 12 1 410k 2C 2 9 35 C
Therefore the solution is

Y Eé 2 4
12 b Bysubstituting X2 x ̅ 5x into 4 1 5 2

2 5 1 4 1 5 1

5 1 16 1 5 4 25 1 5
1

9
to 9 1 0 whose characteristic equation

is fine m 9 m 1



Q 12 b continue The roots are

Mi 35 Mz 35 M M4 j
Hence X.lt 1 Gs 3 7 Casin134 3Cost Ca Sint and
241 X 5 1

9CCos 3T 9925in13T GCost Casint4 5C Cos131 5C_Sin 31 59Cost 54Sint
C Cos 3T C Sin34 Cost 45in t

Q 13 A Denote L recti is then
Lix'm sxes 2 Lexa Exist 25 1

By substituting these expressions into the DE

52 is 25 1 5 151 2 6 is

s s 6 is 25 3 0

is 25 3
s 3715 2 IT s where d α I

ISI
Hence RM LEX fest é



613 b Denote Lexie Xis thenLexa 5 s

By applying LT to the DE we
get

5 4 151 529 is
1545 157 where

25 42 35Since IT g Sincart the solution is

KCH LK f Sin Zt Sindt

14 A Let's denote Legal Yest Liza Zist then

LCY s Yist 8 Liz Szes 3 The givenDES
can be expressed as follows

15 2 Yes 371s 8

2 is 112s 3 I 1
Then 41st

s giest 85 17 2151
15444 35 22

where 41st
s 21st sift

Hence the solutions are

71 1 L Yes 3e set
ZHI L Zis Ze 5e't



014 b Denote Yis Lefty then
L I 54s 2 LCI 541s 25 2

Applying LT to the given DE leads to

52451 25 2 2 541s 2 Yes

I 5 25 1 Yes 25 It

Yes
t

p i ti s

is sitt's
As L star teat t 1 the

solution is given by
441 LT's it e't t It i yet
Q 14 4 Denote Yes Life where Y g Yis
Applying LT to the given DE leads to

52 1 Yes 5



614 Cl Continue

Y's FEB 9 s T s T
Since I_ Fw Sin wt

the solution is given by

71 1 LYYis
sin 1 55in 3 7

15 at Denote Yis Light whereLLYKSY.LK 5Y
Then the given DE can beexpressed after LT as

152 75 12 7151 572

15 411 3,157 SIFT
Hence the solution is

7H LLY.si Z e
4t

e
2t

ze
3t



5 b Denote Yis Light whereLLY SY.LY5Y
and LISC a e

so
By applying IT

to the given DE we get
15 85 15 41s 4575

Yes I 2é sit off
since

eat un c

the solution is derived as

41 1 LTYis 2 e
51 7

am é un n

615 C Layer Yist Liz 541s 2,21 1 54151 25 6
List all Esc

Apply these results into the given DE to get
15 85 20 Yes 25 6 16 453512555

s 2 s 2 Yis 25 5 4é
s
12555

where 2 4 25 I 4 25



615 C continue

II
If 5 ice self

By using the following LT pair L eat unci
we get the solution 714 as follows
THI LYYs f 251e f 2 it e't

je t 31
yet 3 3 e 51 yet 5

jett 3 use 31 35 et 5

Uct 5
By using Euler theorem and the following relations
e e

4T eat eat é 26,12 1 e e I 255in12T
we can further simplify as
Yet é 2Cossat sin121 254 sin 21 31Uct 3
6641 5

sin 21 5 Uct 5
form

Both form and form are ok



Q 15 d Denote is Lose 1 Yes 1741
where LCL I S is 1 14 STIs
Then by applying LT to the given DE

15 1 is 241s I

2 Xess stay.no is

I D it
W s 1 5 21 4 5 5 6 5 3 5 2

is _is s 2 sit
4151

15 3 2 s SI
Therefore the solutions are

NH L is é t test
741 Litis f e e


