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l. Identify the type and obtain the solutions of the following first order equations: 

(a) dy = 2x 
dx eY 

dy 1 1 
(b) dx + ;Y = x, y(I) = 3· 

~ ~ ( ( ~ e d ot~ 1- c) 
~ ~ l ) y__iJ.y. + c) -= 

t~d 3 = 3(l)-= t ~ ~ -=9 C=-o 

1-\ - 'I- 1. 

. ·===9 

{) - 3 

(c) x2dy = x2 + y2 + xy. 
dx 

oh/ . . '-
)(._-~ + V -~ I t V + V 

) ~Jv ~ ~ J_J.)<'. 
{ -t-\1 )\ 

3 ::::. )( ~tA" ( lv- 1 "-I ~ 

. :y ' -( 
-n:--~ v 

c) 

c 

-:::: )'. ~(Y- ( + c 



(d) (2xy +cosy) dx + (x2 - xsiny- 2y) dy = 0 

M = 2-~ 1a-t' CA~ 1 N :- ~ ~ ~ S"-lv·~ - i. ~ 

~~t 

d r( 1) -== N~~ tvt4 -

)Cl..~ k '{.. ~1 - ~ l-::: c 

( e) ~~ = sin ( x + y + 1) - 1 

G-r V = ~ X-t- ~ -t I 

T~ ,v, h"'-(h~ 

~ GSC V <hv == j J.vl" 

i I'\ I VS<- v - lo t v I -= Y. -~ c 

j V'> l ~ c U<*"}i'-t) -- ~ t ( l( -i- 'rt-I) l ·-::= )( -t (_ 

2. item Use substitution v = 1/y to change y' + 3xy = x 2y2 into a new equation about v. Point 
out the type of the new equation. Do not solve it. 

_L ! V' +3 'J .1- ·- y'L J_ 
-- \) L. µ . " . v - 1'. v ..... 
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3. Verify y = ex and e-3x are solutions to the differential equation 

d2y dy 
dx2 + 2 dx - 3y = 0. 

K 11 'f. I /, )<. ) 
( Q J -\- l ( ~ ) - 3 \\: 

)\ )\ x 
- IC, + 2.--~ - 3 Q_ ·= v 

- ~ ' 1 - 3;<. I - 3 )<. - 3 'I( _· 3 ;< - 3 J( 

c~.") +z{~ )--3(-<?_ )~ (-e_ -bQ .-3e. =-0 

u_no\. .e: l" ~,_.__ b • t;/\ s;) r.< b rl;s. \"'. · 

4. A tank contains 100 gallons of a solution dissolved salt and water, the mixture being kept 
uniform by stirring. If pure water is now allowed to flow into the tank at the rate of 2 gal/min, 
and the mixture flows out at the rate of 2 gal/min. There are 10 lb salt in the tank initially. 
Set up a DE with initial condition for find the amount of salt in the tank at time t. DON'T 
SOLVE. 

~ l- X (-b k -tl ~~""''A ~t -sc._l t c"r +i ~ t- •'.,. +G. -f-evlr'L. 

0. 2 -

)((o) - {o lb 

5. Suppose the death rate of a population P(t) at time t is 3P(t) and the birth rate is 2P(t). 
It is known that the initial population is 100. Set up a DE for find P(t). DON'T SOLVE. 

·* = i.f- 3f 
plo) -== t o-o 
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6. Solve xy" = y'. 

\/ :::"'/ 0 . ) ( " v ·= ~ 

7~ ·, t-L -eiih ~~~ - - .. -
\) )( 

j V\ I\/( ·:=: ) ~ ( 1--I -\- c I 

I\) ( -=- e c I l ~1 . ~ V ·~ c 2- x , fsv c z. * o 

V .'.:'.'.' 'o I 
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l. Given the linear system Ax = b where 

(a) Use elementary row operations to reduce the augmented matrix A#= [A b] to Reduced 

2 -\ 

iJ I -~ 

b -3 

'f. I= - )(~ ·f- 3 
)(l- =- )(~ - \ 

Echelon matrix. 

\: 
t -I 

-~J ~\ -\ 

0 0 

(b) Find all the solutions to the system. 

)( ~ ' ~ Cvy-Q__ + ( ~ 

0 

6 I -l 

() t) () 

2. In problem 1, replace the third entry of b by l. Redo the problem. 

l: 2 -I 

~j ~ ~ ~b 
2 - i _\ l 7 - If -I 

l - 3> 0 0 - 2-

I , _}~ l ~vvs,-s _9 'YVO Ni/r ~(w~'oV\ 
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3. Let 

A= [ ~ ~ ] . 
(a) Find A-1 by elementary row operation. 

[ [ ~ 3· 
~ ) [ f ; ( C) 

J 
I 3 ( 

-~ J -!:) ~ 
J_ l () 0 -- 4- -1 0 l.. 

1 ~ J 3 

[~ 
c) - i. if-

-( [- { ~ 
t .L ..L ~ A = C:J 1- - 4- J.. 

{b) Find det(A). 1. - 4-

IA(~ f·L ~ 2-?> - - tf-

( c) Find the product matrix AA. 

{d) Find the sum A+ A. 

4. Find det(A) for A in (1) by cofactor expansion about row 2. 

l. -I 

=-3. \ 
l. -( { -1 j ~ \ 3 7 -4' + 7 3 -3 + 4- - 0 b -3 ) 

~ ' -3 
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5. Let A, B be n x n matrices. S d (A) 
Stat t t 

r uppose et = 3 and det(B) = 5. Are the £ollowi·ng 
emen s rue or 1alse? 

(a) det(AB) = 15. 

(b) det(A) + det(B) = 8. 

6. ShowvI=(2O1) v2 =(-3 l -l} d 
CI,c2,c3 not all ~er~ such tha~ ' an va = (O, - 2, -l) are linearly dependent by finding 

\~ ~ 

p ~~ ~~ J ( ~J ~ ( ~D J 

\ = L I ~ I -_z, I + I I -: _: I = - l + b ~ 0 • ~ '- ~<WW () 

l --L-
-( --1 

,;.,, { k ( <. . c... . c., ) ~ .M.... J, """- l.- y ,_L<J"-'l 

J-h~u._ - ~ I~~ ,V_l ) . ~~M 
-t~ ""' '*·.,.,:~La ~~1 

s 'ft .Q,;\IVl .:~ ~ sil ~ 
7. Suppose vi, v2 are linearly independent show u . . 

UI = VI + v2, u2 = VI - v2. ' i, u2 are also hnear mdependent where 

I 

' . .e.. / 

-(}..,, ·=- \I, - Vt 
( 

lc,-t c-i.) v1 +cc,- c,,,,)Vz.. =---;; 

V, , ~. w.-'-- ):._._,,_.11 ,-.. Lt~ : ~~ J.-f. 
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l~-
/1 ];. v j_ lry . 
\..,·1,, -;:::. 3 f' - 3 0 

l'\o CL,112, .,.r..JJ.__ rvJ~I- ~ .~. &, c_ t~:s <£- p . .'· 
9. Find eigenvalues for matrix A in problem 3. 

0 = I I ~ ,, i ~ I = ( I ->-) (&-A) - {, = A'). - 3 A + 2. - ' = A ~ - ~ A. - y.. 

~t~-~)(A-tl) 

10. For each eigenvalue in last problem, find a basis for it associated eigenspace. 

0 ~ >." = -( <;;-.:. l J -1(_ 

(, _ ~" z~t-•l H; J = ( : ) ~ \;) ~ t \~) = i (-J;~) 
L, = <;rv-n { (- 3~~) } ,-n L~.-, (-~) 

Q? ~ Av=~. ~L1~ 

\l-L~ 2\)(~)~( :) ~ (~)~ ( ~) = ~c) 
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1. Find the general solution of 
y" - 5y' + 4y = 0. 

2. Find the solution of the IVP 

y" - 4y' + 4y = 0, y(O) = 1, y'(O) = -1. 

1Lv',) . c,= ', cl--:::. - 3 
= '<.,,_~ - 3 )( -'.,z,x 

y" :___ 4y' + 5y = 0. 

4 -~ ! 1 l, - 2-C) 
r-~ - 2.i:.2.~ ,... 

4. Find the general solution of 
y" - 5y' + 4y = e2t. 

The homogeneous solution is from problem 1. 

i ~t 
~' ( ~) : ( I e -f' c,,, ~ 

lt 
t1·~k 'ar ~ A ~ 

~ it iA.- -v{--tf A ~ - l.o A .t, + 4-A ~ ~ e... -ZA=\ ~ A~-t 



5. Use the variation parameter method to find the general solution of 

y" + 4y = 1 

~ (. = 

j - f. ~ J -\ . f.,'11\ vf- W r~H ';)v) ,::: t(Arl Cl'\-
- (J"' J..,t = - J..A.... _ ~fwl...v\-

W r t11, 'av] 'Z. - ~~ 

( t~1 t-r ~ S I· Vs)* M- =- t~\....v-t- ~ tlr-=--tA,~,tlA11'h,= ..l-
j wn.~ -v t.1- Cf-

[ ~(iCl : C, ~:;,,(-+ e-._~,l.tvt + ~ 1 
6. In problem 4, if we replace the nonhomogeneous term e2t by e4t, find Yp· 

, "'t ,, "t-
~~ ~r =Ae ( 1-+4'tJ , ~r =Ae.. ( ~+11,+.) 

_l 
A~ 3 

7. Show YI = 1, Y2 = x, y3 = x2 are three linearly independent solutions to the differential 
equation y111 = 0. 

,,, hf ,,, ( 

~ I = ~ v = ~ 3 =- D . ' ~() ~ S-~ h.s -/;. 

x ~ "L-

VJ[~)/ )v. ~l] :s.-
0 ~ - 2.- ~ 0 

0 0 i 

==5> ~., 1v. ~J ~ ~ .·J,£f. 
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8. Find the general solution of the linear first order system x' = Ax where 

A= [ -~ -~]. 
\\ 1-A r- I:-;. (1-1'{-t.-") .+yo-= At-7,\ + {l--= (A- 3 )(A~((,j =-o -(, -2~\ 

)._l:::~3, AL~c+-. 

(b S-)(V,)~lO) .~ Vt::: 
\-b -r' l Vi.- 0 

(!b ~) [~J ~t ~) 2> 

9. Find the general solution of the linear first order system x' = Ax where 

A= [ -~ -~]. 

;_\. \ -= H-A)G-A) + ! ~ - ;...' + 1 "--tl 

( - z \ -2- \ - ( (}) 

3+3~r(~J-H 3 



~r-

10. Convert the third order equation 

y"' + 2y" - 3y' + y = 0 

into a first order system. Here the prime means derivative with respect to t. 

XI :::. 'a-

x~ = ~' 

x:~ = u'' 

J)CI - v µ - =-

~ 7n 

0 

0 _, 

tR.k ::::--

0 

3 

5 

)Ci-

'1'3 


