
Midterm 2MA 266Instru
tor: Javier Zuniga NAME:No 
al
ulators or notes allowed. There are a total of 100 points. Read the exam 
arefully. Showyour work for full 
redit.1. (20 points) Write down the 
orre
t form of the parti
ular solution using the method of unde-termined 
oeÆ
ients (you don't need to �nd the 
oeÆ
ients!).(a) y00 � 4y0 + 4y = 2te2t ; yhom = 
1e2t + 
2te2t and so ypar = t2(At +B)et(b) y00 + y = 3 sin t ; yhom = 
1 
os t+ 
2 sin t and so ypar = t(A 
os t+B sin t)(
) y00 � 2y0 = 4t2 ; yhom = 
1 + 
2e2t and so ypar = t(At2 +Bt+ C)(d) y00 � 3y0� 4y = 3 
os t+ 4e4t ; yhom = 
1e�t + 
2e4t and so ypar = A 
os t+B sin t+Cte4t)2. (10 points) The spring-mass system is modeled by the se
ond order linear equation with 
on-stant 
oeÆ
ients mu00 + 
u0 + ku = F0 
os(!t)where m; k > 0 and 
; F0; ! � 0 are 
onstants and with initial 
onditions u(0) = u0, u0(0) = v0.Right down on the available spa
e on the right 
olumn the letter of the graph asso
iated withthe given values of the 
onstants.The answers are b,e,d,a,
 in that order.3. (20 points) Find the solution to the initial value problemy00 � y0 � 6y = 6with initial 
onditions y(0) = �1 and y0(0) = 1.The 
hara
teristi
 polynomial is r2 � r � 6 and so the homogeneous part of the solution hasthe form yhom = 
1e3t + 
2e�2t. The form of the parti
ular solution is ypar = A and pluggingthis into the di�erential equation yields A = �1. Finally, sin
e �1 = y(0) = 
1 + 
2 � 1and 1 = y0(0) = 3
1 � 2
2 then 
1 = 1=5 and 
2 = �1=5. Thus the solution to the IVP isy(t) = (1=5)e3t � (1=5)e�2t � 1.Remark.- A very 
ommon mistake here was to �rst solve the IVP using the initial 
onditionsand then �nd the parti
ular solution. This is wrong, you �rst need to know what the generalsolution looks like (the sum of the homogeneous and parti
ular parts) and then plug-in for thethe initial 
onditions.4. (20 points) Find the general solution of the equationy00 + 2y0 + y = e�tt31



The 
hara
teristi
 polynomial is r2 + 2r + 1 and thus the homogeneous part of the solution isyhom = 
1e�t + 
2te�t. To �nd the parti
ular solution we use variation of parameters. Takey1 = e�t and y2 = te�t. This yields W [y1; y2℄ = e�2t. It is 
lear that g = e�1=t3. Thenypar = u1y1+u2y2 where u1 = � R gy2=W = � R e�tte�t=(t3e�2t) dt = 1=t and u2 = R gy1=W =R e�te�t=(t3e�2t) = �t�2t=2. Therefore the general solution is y(t) = 
1e�t + 
2te�t + e�t=(2t).Remark.- Many of you try to use the method of undetermined 
oeÆ
ients here. This is wrongbe
ause 1=t3 is not a polynomial and therefore is not 
overed by the rules given in 
lass. Thatis why variation of parameters was your only option here.5. (20 points) Find the general solution of the equationt2y00 � ty0 + y = 0if y1(t) = t is a solution.We apply redu
tion of order. Assume y = tv and thus y0 = v+ tv0 and y00 = 2v0 + tv00. Puttingthis into the di�erential equation yields tv00 + v0 = 0. This is a �rst order linear equation or a�rst order separable equation on v0. Sin
e tv00 + v0 = (tv0)0 = 0 then tv0 = 
1 or v0 = 
1=t andso v = 
1 ln t + 
2. The general solution is then y = tv = 
1t ln t + 
2t.6. (10 points) A bridge in the state of Washington has a weight of 106 lb. As the wind blowsit exerts a for
e of 104 
os(10t) lb. As a result the bridge vibrates similarly to a spring-masssystem. Assume no fri
tion. Write down the se
ond order linear equation modeling thisvibration. What should be the value of k for the system to enter a state of resonan
e and thusmake the bridge 
ollapse? (Assume g = 32 ft/se
2)Sin
e weight is related to mass by w = mg this yields m = 106=32. Thus the linear equation is10632 u00 + ku = 104 
os(10t)To a
hieve resonan
e we need ! = !0 that is 10 = pk=m = pk=(106=32) and thereforek = 108=32.
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