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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions.

You are to classify the first order ordinary differential equations given below. The classification relates to
the method of solution. Recall from class (attendance is mandatory) the possible methods listed below. Do not
put more than one answer. If more than one method works, then any correct answer will receive full credit.
Also remember that if I cannot read your answer, it is wrong. DO NOT SOLVE. Also recall the following:

a. In this context, exact means exact as given (in either of the forms discussed in class).

b. Bernoulli is not a correct method of solution if the original equation is linear.

c. Homogeneous (use the substitution v = y/x) is not a correct method of solution if it converts
a separable equation into another separable equation.

1. (4pts.) xye¥dx+dy=0 _____ABCDE
2.(4pts.) (Y +xy)dx+ xdy=0 _____ABCDE
3. (4 pts.) (e¥+ 2xy + x )dx + (X* + 2y)dy =0 _____ABCDE
4. (4 pts.) (xy+cos(x))dx+ (1+x5)dy=0 _____ABCDE
5. (4pts.) (Y +x2)dx+ x2dy=0 _____ABCDE

Possible answers this page.

A) First order linear (y as a function of x). B) First order linear (x as a function of y).

C) Separable. D) Exact Equation (Must be exact in one of the two forms discussed in class).
E) Bernoulli, but not linear (y as a function of x).

AB) Bernoulli, but not linear (x as a function of y)

AC) Homogeneous, but not separable. AD) None of the above techniques works.

Total points this page = 20. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.

Last Name, First Name M1 What you wish to be called
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions.

Also, circle your answer. Be careful. No part credit. If you miss one part, it may cause you to miss other parts.
Consider the first order linear ODE y’' =y + x (*). To solve (*), you may need to change it to a standard

form.

6. (1 pts.) The correct standard form for (*) is : ABCDE
Ay +y=x B)y'+y=-x C)y' -y=x D)y -y=-x E)y +2y=x AB)y’ +2y =-x
=x AD)y'-2y=-x AE)y'+y=2x BC)y'+y=-2x BD)y' -y=2X
BE)y' -y=-2x CD)y' +2y=2x CE)y’' +2y=-2x DE)y’ -2y =2x ABC) y' -2y = -2X
ABD) None of the above

7. (2 pts.) An integrating factor for (*) is p= . ABCDE
A)x B)-x C)x* D)-x* E)2x AB)-2x AC)2x* AD)-2x* AE)e* AD)e *

AE) e* BC)e 2 BD)e“ BE) e* CD) None of the above

8. (3 pts.) Insolving (*) as we did in class (attendance is mandatory), the following step occurs:

ABCDE
A) e B) d(g)e:):,xex C) %=2x€ £) 00 e AB)HUET) e AC)(K%?:—xe’X

AD) 7(1();6;) =2xe™ AE) d()éix) =-2x¢* BC) inzx) =xe* BD) d(i;izx) =-xe* BE) Lﬁfx) = 2xe™

CD) d({s:x) :_erzx CE) d(yde);zx) — Xe—2x DE) d(yde);zx) — _Xefzx ABC) d(yde)jx) — zxefzx ABD) d(yde);zx) — 72X672x

ABE) None of the above steps ever appears in any solution of this problem.

9. (1pt.) Let (**) be the initial value problem consisting of (*) and the initial condition y(0) = 0.
The number of solutions to (**) is : ABCDE A)0B)1
C)2 D)3 E)4 AB)5 AC) Infinite number of solutions AD) None of the above

Possible points this page = 7. TOTAL POINTS EARNED

AC)y' -2y
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PRINT NAME ( ) ID No.

Last Name, First Name MI What you wish to be called
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions. Also circle
the correct answer. Be careful. If you miss one part, it may cause you to miss other parts.

An ODE may be considered to be a “vector” equation with the infinite number of unknowns being the
values of the function for each value of the independent variable in the function’s domain. To solve a first order
linear ODE, we may isolate the unknown function. The isolation of the function (dependent variable) solves for
all of the (infinite number of) unknowns simultaneously. In solving a particular first order linear ODE, call it (*),
of the form L[y] = g(x) where L is of the form L[y] =y’ + p(X)y, an integrating factor and the product rule were

used to reach the following step: % - xer, call it (**).

10. (2 pts.) The theorem from calculus that allows you to integrate the Left Hand Side of (**)

s : ABCDE
A) Intermediate Value Theorem B) Mean Value Theorem C) Rolle's Theorem D) Chain
Rule E) Product Rule AB) Fundamental Theorem of Calculus
AC) Integration by Parts ~ AD) Partial Fractions AE) None off the above

11. (4 pts.) The solution (or family of solutions) to the ODE (*) may be written

as . ABCDE

A y=x+1l+ce B)y=-x+1+ce* C)y=x-1+ce* D)y=-x-1+ce

E)y=x+1+ce* AB)y=-x+1+ce* AC)y=x-1+ce* AD)y=-x-1+ce™

AE)y=2x+2+ce* BC)y=-2x+2+ce* BD)y=2x-2+ce* BE)y=-2x-2+ce* CD)y=2x+2
+ce* CE) y=-2x+2+ce* DE)y=2x-2+ce* ABC)y=-2x-2+ce* ABD) None of the above
solutions or families of solutions is correct.

Possible points this page = 6. TOTAL POINTS EARNED
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PRINT NAME ( ) ID No.
Last Name, First Name MI What you wish to be called
Let L, p(x), g(x), (*), and (**) be as on the previous page.

12. (1 pts.) The solution set for the ODE (*) on the previous page may be written as

S= : ABCDE
A {y=x+1+cetceR} B){y=-x+1+ce‘:ceR} C){y=x-1+ce“ceR}
D{y=-x-1+ce*:ceR} E{y=x+1+ce*:ceR} AB){y=-x+1+ce*ceR}
AC){y=x-1+ce*:ceR} AD){y=-x-1+ce*ceR} AE){y=2x+2+e*+c:ce R} BC) {y =
-2x +2+ce*. c € R} BD){y=2x-2+ce*: ceR} BE) {y=-2x-2+ce ce R}
CD){y=2x+2+ce™ceR} CE{y=-2x+2+ce ™ ceR} DE){y=2x-2+ce*ce R} ABC){y=
-2x -2+ ce . ce R} DE) None of the above correctly describe the solution set.

13. (1 pt.) A basis for the nullspace of L is B = . ABCDE
A {1} BY{x} O {1x} D){e} E){e*} AB){e* e} AC) None of the above

14. (1 pt.) The general solution of L[y] =0 isy,(x) = . ABCDE
A)c B)cx C)c,+c,x D)ce* E)ce* AB)ce*+ce™  AC) None of the above

15. (1 pt.) A particular solution of L[y] = g(X) is given by

Yo(X) = . ABCDE Al B)x Cx+1
D)x-1 E)1-x AB)-x-1 AC)e* AD)e™ AE) None of the above

16. (1 pt.) The number of solutions to (*) is . ABCDE A)0 B)1
C)2 D)3 E)4 AB)5 AC) Infinite number of solutions AD) None of the above

17. (2 pts.) Let (***) be the initial value problem consisting of (*) and the initial condition
y(0) = 0. The solution (or family of solutions) to (***) may be written

as . ABCDE
A)y=x+1-¢ B)y=-x+1-¢& Cly=x-1+e D)y=x+1-¢e~
E)y=-x+1-e* AB)y=x +2-2* AC)y=x-1+e* AD)y=x+1+¢e* -2+c¢C
AE)y=-x+1+e*-2 BC) y=x-1+¢ BD)y=x+l+e*-2 BE) y=-x+1+e*-2
CD)y=x-1+e*CE)y=x+1-¢e*

DE)None of the above solutions or families of solutions is correct.

18. (1 pt.) The number of solutions to (***) is . ABCDE A)0 B)1
C)2 D)3 E)4 AB)5 AC) Infinite number of solutions AD) None of the above

Possible points this page = 8. TOTAL POINTS EARNED
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions.
Also, circle your answer.

1 - | X |
Let A{—i _J : X:{y} ,and b { ; } Also let T(X) = AX so that T:C?>~C?% Now solve

Prob(C?, AX = b); that is, solve the vector equation AX = B(i.e. T(x) = b ). The form of the answer may not
be unique. To obtain the answer listed, follow the directions given in class (attendance is mandatory).

19. (3 pts.) If [A‘BJ is reduced to [U‘C] using Gauss elimination we obtain
a 1 il 1 il
(U] = . ABCDE A) |, obl B [y oo

1 - 1 il 0 0|0
0 olo E) 0 ol AB) o ol AC)None of the above.

20. (3 pts.) The solution of AX = b may be written as

K= . ABCDE A)No Solution B)|;]

0[.'] D) y[ﬂ E) mwm AB) B}ry{ﬂ AC) E}rym AD) {_Ol}ryh} BC) None

of the above correctly describes the solution or collection of solutions.

Possible points this page = 6. TOTAL POINTS EARNED
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called

Let Prob(C*Ax=b),Ab,x,and T be as on the previous page.
21. (1 pt.) The solution set for Prob(C? AX = 6) may be written as

S= . ABCDE A)o B)C) {m} {Yzy{_li}ecz:yec}
oo fleeee] g e
w0 [x-[ JJofl]ecvec) o e o] Jecvec)

BC) None of the above correctly describes the solution set for this problem

22. (1 pt.) A basis for the null space of T is B = . ABCDE

1 v
A)eB)HOH C)([.']} D)y [i1l E) 110 AB)[[ ]} AC)(l.011 AD){[:][.']] BC)
None of the above correctly describes the solution set for this problem

23. (1 pt.) The general solution of Ax =0 is X, = . ABCDE

A)No Solution  B)[;] ©)[,'] D) y{_li} E) y{:ﬂ AB) H} ym

AC)»[;] AD)y|,'| AE) None of the above

1

24. (1 pt.) A particular solution of AX =b is given by

X = . ABCDE A) Ax=b hasno solutions  B)[)|  C)

p 0

ool Bl Am A9 (Y] AD)[

AE) None of the above is a solution of A% =b

25. (1 pt.) The number of solutions to Prob(C% Ax =b ) is : ABCDE A) 0
B)1 C)2 D)3 E)4 AB)5 AC) Infinite number of solutions  AD) None of the above

Total points this page = 5. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called

True or false. Solution of Abstract Linear Equations (having either R or C as the field of scalars). Assume T: V
- W is a linear operator from a (real or complex) vector space V to a (real or complex) vector space W. Now
consider the mapping problem defined by the vector equation

T(X)=b. *)
Under these hypotheses, determine which of the following is true and which is false. If true, circle True. If false,
circle False.

26. (1 pt.) A)True or B)False If B = 6 then (*) always has a solution.

27. (1 pt.) A)True or B)False The vector equation (*) may have exactly two solutions.

28.(1 pt.) A)True or B)False If the null space of T has a basis B = {X,,X,,...,X,} and 56=0,
then the general solution of (*) is givenby X = C,X; + C,X, + -+ C X,
where c,, c,, ..., C, are arbitrary constants.

29. (1 pt.) A)True or B)False Either (*) has no solutions or exactly one solution (no other
possibilities).

30. (1 pt.) A)True or B)False If the null space of T is N(T) = {6} and b is in the range space
of T, then (*) has a unique solution.

Total points this page = 5. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions.
The dimension of the null space N, of the linear operator L[y] =y” - y’ that maps A (R,R) to
A(R,R) is 2. Assuming a solution of the homogeneous equation L[y] = 0 of the formy = e™ leads to the two
linearly independent solutionsy, =1 and y, =e*. Hence we can deduce that
By, = {1, e’} is a basis of N so that

y.=¢ +¢c, e~ is the general solution of y' -y =0.
c 1 2

Use the method of undetermined coefficients as discussed in class (attendance is mandatory) to determine the
proper (most efficient) form of the judicious guess for a particular solution y, of the following ode's. Begin with
a first guess. If needed provide additional guesses. Place your final guess in the space provided. Then circle
the letter or letters that correspond to your answer from the answers listed below.

31.(3pts.) y" -y =-2x First guess: y, =
Second guess (if needed): y, =
Third guess (if needed):. y,=

Final guess : ABCDE

32.(3pts.) y" -y =3sinx First guess: y, =
Second guess (if needed): y, =
Third guess (if needed): y, =

Final guess : ABCDE

33.(3pts.) y" -y’ = -4¢ First guess: y, =
Second guess (if needed): 'y, =
Third guess (if needed). y, =

Final guess : ABCDE

Possible Answers:

A) Ae* B) Axe* C) Ax’%e* D) Axe*+ Be* E) Ax’%e*+ Bxe* AB) Ae* AC) Axe ™

AD) Ax%e ™ AE) Axe*+Be* BC)Ax%e*+Bxe* BD)Asinx BE)Acosx
CD) Axsinx CE) Axcosx DE) Asinx +Bcosx ABC) Axsinx + B xcos X
ABD) A ABE) Ax ACD)Ax+B ACE)Ax*+Bx ADE)Ax*+Bx+C

BCD) None of the above

Total points this page = 9. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called

Let Prob(A ((-n/2,n/2),R), (*)) be the problem defined by the ODE
y'+y=sec(x) |=(-n/2, n/2) *)
Let L: A((*R/Z,R/Z),R)*A((*R/Z,R/Z),R) be defined by L[y] = y" +y. The general solution to
L[y] =0isy, = c, cos(x) + c, sin(x). To obtain a particular solution of L[y] = tan(x) we let

Yo(X) = u; x) CoS(X) + U,(X) sin(x). You are to find y,. Be careful!! Remember, once you make a mistake, the
rest is wrong

34. (3 pts.) Substituting y,(x) = u,(X) cos(x) + u,(x) sin(x) into (*) and making the appropriate
assumption you obtained the two equations:

. ABCDE
A)u’ (x) cos(x) + u’z(x) sin(x) = - u’y(x) sin(x) + u’,(x) cos(x) —tan(x)
B) u’;(x) cos (x) + u’,(X) sin(x :0 - 1(x) sin(x) + u 2(x) cos(x) = -tan(x)
C u cos (x) + u’,(x) sin(x) = an(x), -u’ (x) sin(x) + u 2(x) cos(x) =0
D 1(x) Ccos (x) + U 2(x) sm(x) = ftan(x) - u’y(x) sin(x) + u’,(x) cos(x) =0
E) u 1(x) cos (X) + u 2(x) sin(x) = - U’y(X) sin(x) + U’,(X) cos(X) = sec(x)
AB) u’,(x) cos (x + U’,(X) sin(x) —0 _u’l X) sin(x) + u’z(x) cos(x) = -sec(x) AC)
u’y(x) cos x + U’,(X) sin x) = sec(X), X) sin(x) + u’,(x) cos(x) =0
AD) u’,(x) coS X) + U’,(X) sin(x) = fsec(l - u’y(x) sin(x) + u’,(x) cos(x) =0

AE) None of the above.

Total points this page = 3. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called

Let Prob(A((-n/2,n/2),R), (*)), (*), L and y,(X) = u,(X) cos(x) + u,(x) sin(x) be as defined on the previous page.

35. (2 pts.) Solving the set of equations for u’,(x) and u’,(x) on the previous page we obtain

u’,(x) = . ABCDE
36. (2 pts.) And u’,(x) = : ABCDE
37. (2 pts.) Hence we may choose u,(x) = : ABCDE
38. (2 pts.) And u,(x) = : ABCDE

39 (2 pts.) Hence a particular solution to (*) is
Yp(X) = ._ABCDE

Possible answers this page.

A)0 B)1 C)x D)x* E)sinx AB)-sinx AC)cosx AD)-cosx AE) sin(x) cos(x)

BC) 2sin(x) cos(x) BD) -sin’(x)/cos(x) BE) -In(tan(x) +sec(x)) CD)-In(tan(x) + sec(x)) +sin(x) CE)
-[cos(X)] In(tan(x) +sec(x)) DE)-[sin(x)]In(tan(x)+sec(x)) ABC)-[tan(x)]In tan(x)+secﬁx) ABD)-[sin(x)
cos(x)] In(tan(x) +sec(x) ~ ABE) In(cos(x)) ACD)In(sin(x)) ACE)-In(cos(x)) ADE)-In(sin(x)) BCD)
(cos(x))In(cos x?) +Xxsin(x) ACD) -(cos(x)) In(smﬁx) + X sin(x)

ACE?f((_:os(x?]_ n(cos(x)) + x sin(x) ADE)-(cos(x)) In(sin(x)) + x sin(x) BCD) None of the above.

Total points this page = 10. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions.
Also, circle your answer. Be careful. If you miss one part, it may cause you to miss other parts.
Consider yV+4y” +4y"=0 (*) Also let L:A(R,R) ~A(R,R) be defined by
LIyl =yV + 4 y” + 4y” and answer the following questions.

40. (1 pt). The dimension of the null space of L is : ABCDE
Al B) 2 C)3 D) 4 E)5 AB) 6 AC) 7 AD) None of the above.

41. (1 pts). The auxiliary equation for (*) is . ABC DE
Art-4r’+4=0 B) Y'+4r*+4r’=0 CO)r-4r+4r'=0 D)r+4r'+4r=0

E)r-4r*+4rr=0 AB) rP+4r+4r=0 AC) r*-4r*+4r=0 AD) None of the above.
42. (2 pts). Listing repeated roots, the roots of the auxiliary equation are

r= . ABCDE A0,2,2 B)O0, -2, -2
0,022 D)0,0,-2,-2 E)0,0,0,2,2 AB)r=0,0,0, -2, -2 AC) None of the above.

43. (1 pts). A basis for the null space of L is B = . ABCDE
A) {1, e* xe* B) {1, e %, xe *} CZ) {1, x, e‘Xé xe®}y D) {1 e * xe >}
E) {1, x, X%, e*, xe* AB) {1, x, X, e %, xe >} AC) {1, x, X3, e *}

AD){1, x, x4, X}  AE) {e*, xe

44. (2 pt). The general solution of (*) is y(x) = . AB CDE
A) ¢, + C, 6% + C,y xe* B) c,+C,e®+c,xe ™ C)C, +C,X+C,e5+C, e~
D) ¢, + C,X + C; & % +¢, Xe ¥ E) C,+C,X +C.X? +C, € +C; 8% AB) C,+C, X + Cy x? + ¢, e + ¢, e>
AC)c, +Cyx+c,x2+c,e®  AD)c+c,X+C X +¢, X AE) c,e”+c, xe™ +¢c, e * +¢, xe™ BC)None
fth 2 3 4 1° %2 3 4 1 2 3 4
of the above

e > xe *} BC) None of the above

Points this page = 7. TOTAL POINTS EARNED THIS PAGE
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Last Name, First Name MI, What you wish to be called

Let (*) and L be as on the previous page.

45. (1pt.) The solution set for (*) may be written as

S= . ABCDE

A) {y(x)=c, +¢, eZX + Cy xe™ ,Cu cz, c; R}
B) {y(X)=c,+c,e ®+ Cy xe 2 Cy, Cay Cq eR}
C){y(x)=c,+c,x+c,e*+ c4x e L1 Gz, G, C eR}
D) {y( =c, +C,x+Ce Nk CoX e? Cyy Coy Cay Cy ER}
E) {y(X) =c, + ¢, X+ Cy X* +c4e +c5xex: L1, Gy, 3, Gy, Cs eR}
AB) {y(X) =c,+C, X+ C, x +c,e > +cyxe ¢y, Cy Gy Cy, G ER}
AC){y(x) =c,+c, X+ Cy X* e e 2 €, C,p, Cay Gy €
AD) {y(X)=c,+C,x+C;xX*+c,e?: ¢, C,, Cyy C, €ER} AE) None of the above

46. (1 pt.) The number of solutions to (*) is ABCDE A)0 B)1
C)2 D)3 E)4 AB)5 ACQ) Infinite number of solutions AD) None of the above

Points this page = 2. TOTAL POINTS EARNED THIS PAGE
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Last Name, First Name MI, What you wish to be called _ _ _
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions
Consider the ODE y” + y” = 4e*+ 4 cos(x) (*). LetL[y]=y” + y”".

47. (3 pts.) The general solution of y” + y” =0is
Ye(X) = . ABCDE

48. (4 pts.) A particular solution of y” + y” =4¢* is
Ynu(X) = : ABCDE

49. (4 pts.) A particular solution of y” + y” =4 cos(x) is
) = . ABCDE

50. (1 pts.) A particular solution of (*) is
Yo(X¥) = . ABCDE

Possible answers this page

A) c, +C,X + Ce° B) c,+cx+ cy?,e’X C)c, +ce*+ce ™ D) ce*+¢c, sin(x% + C, COS(X)
E)c, + czxsin(x) + C, COS(X) ABs c,e ™+ ¢, sin(x) + ¢, cos(x) AC) ; 2e* AD) -2e* AE) ) 2x e*
BC) 2x e* + e* BD)2x e*+ e* BE)2 sin(x) CDZZ cos(x) CE)2sin(x)+2cos(x) DE)2sin (X)-2 cos(X)
ABC)-2sin(x)+2cos(x) ABD)-2sin(x)-2cos(x)  ABE)2 e*+2sin(x)+2cos(x)

ACD)2e* +2sin(x) -2cos(x) ACE) 2e*-2sin(x)+2cos(x) ADE)2e*-2sin(x)-2cos(X)
BCD)3x-2sin(x) -10 cosEZx) BCE) 72eX+23in(x8+Zcos(x2 BDE)-2e* +2sin(x) -2cos(x)

CDE) -2e*-2sin(x)+2cos(x) ABCD) -2e*-2sin(x)-2cos(x) ABCE) None of the above.

Total points this page = 12. TOTAL POINTS EARNED THIS PAGE
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Let (*) and L be as on the previous page.

51. (2 pts.) The general solution of (*) is

ny) = ABC D E
A) 2e*+2 sinSx)+2cos§ g +Cy + X + e X B) 2 e* +2sin(x) Zcos(x) +C,+C,X+Ce "
C;ZeX -2sin(X) +2 cos(x) +c,+C,xtc,e ™ D) 2 23|n(x) -2c0s(X) + ¢, + C,X + C,e*
E J) +C,+C,X+Ce %

-2¢* +23m€x§+2003§xg +C, ¥ CX + Coe > AB) -2e* +2sin(x)-2cos(x
AC)-2e*-2sin(x)+2cos(x) +c,+c,x+ce”  AD) 2 e*-2sin(x)-2cos(x) + ¢, + CX + C,e*

AE) 2e* + ¢, sin(x)+ ¢, cos(x) + c; e % BC)2e* +2sin(x)+2c0s(X)+c,e*+ e *+CX

BD) 2e *+2sin(x)+ cos(X)+c,xe*+c,e *+c,xe X BE) € + 2 sin(2Xx) + cos(2x) + c,e*+ c,xe* + C,
None of the above.

52. (1pt.) The solution set for (*) may be written as

S= : ABCDE
A) {y(x) = 2e* + 2sin(x)+2c0os(X) +C, + C,X + C, *: C,, Cy, C; ER}
B) {y(x) = 2e* +2sin(x) -2c0s(x) +c,+ Cc,Xx + c,e . ¢, C,, C; R}
C) {y(x) = 2e* -2sin(x) +2 cos(x) +c,+ c,X + C,e . C,, C,, C; ER}
D) {y(x) = 2 &* -2sin(x) —2cos(x) + ¢, + C,X + C,*: C,, C,, C; ER}
E) {y(X) = -2€* +2sin(x)+2c0s(x) +C, + C,X + C, *: €y, C,, C; ER}
AB) {y(x) = -2¢e* +2sin(x)-2cos(X) +c, + C,X + C;e *: C,, C,, C; R}
AC) {y(x) = -2e*-2sin(x)+2cos(x) + ¢, + c,X + C;e . C,, C,, C; R}
AD) {y(x) = 2 e*-2sin(x)-2cos(x) + ¢, + C,X + C,e*: C,, C,, C; R}
AE) {y(x) = 2e* + ¢, sin(x)+ ¢, cos(x) + c; e *: ¢, C,, C; €ER}
BC){y(x) = 2e* +2sin(x)+2cos(x) + c,e*+ c,e * + ¢ ;X: €y, C,, C; ER}
BD){y(x) = 2e *+2sin(x)+ cos(X) + c,xe* + c,e ¥+ c,xe *: ¢y, C,, C; ER}
BE){y(x) = "+ 2 sin(2x) + cos(2x) + c,e* + c,xe* + ¢;. ¢y, C,, C; R} CD) None of the above

53. (1 pt.) The number of solutions to (*) is ABCDE A0 B)1
C)2 D)3 E)4 AB)5 AC) Infinite number of solutions AD) None of the above

Total points this page = 4. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.

Last Name, First Name MI, What you wish to be called _ _ _
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions.
Compute the Laplace transform of the following functions in PC[0,«)nExp c T.

54. (3pts.) f(t)=2t+3t2 <L(f)= . ABCDE
55. (3pts.) f(t)=2e*+3e® «(f)= : ABCDE
56 (3 pts.) f(t) =2 sin(2t) + 3 cos(3t) L(f) = : ABCDE

Possible answers this page

A3 23 2.8 p2 3 g 2.0 pp28
s g S S 25 53 S 5 3 ¢ s , 32353
AC) ——+— AD) - +—2> AE)—“+—> BC) -+
s+22 s+33 s—2 2+3 % S+2 s—3S 3 s-2 s-3 A %
BD) —2"—2 BE)2—+2— CD) 2 + 2 CE) 2 + 2
2(S—2) §S+3) 4s +2355 +3 233 +295 +3 s°+4 s°+9
DE)—=_+ BC)——+—>— ABD)———+———

2 2 _ _ _ 2 _
ABE? g?ff} SxiJgt% but none ?)f th% at?ovegis 9{f} &CD% S.Ps{f} goes not exist.

Total points this page = 9. TOTAL POINTS EARNED THIS PAGE



MATH 261 FINAL EXAM Fall 2008 Prof. Moseley Page 16
PRINT NAME ( ) ID No.

Last Name, First Name MI, What you wish to be called _ _ _
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions.
Compute the inverse Laplace transform of the following functions in F:

2 3

2s—4 »
58. (3 pts.) F(s) = 779 9 YF}= : ABCDE
50. (3 pts) F(s) = o 243 gy . ABCDE

—-25+2

A)2+3e* B)2+3e? C)2-3e* D)2-3e¢? E)2+e? AB)2cos3t+4sin3t
AC§ 2 cos 3t - 4 sin 3t AD) 2 cos 3t + (4/3) sin 3t AE) 3 cos 3t - (4/3) sin 3t
BC) 2cost+3sint BD) 2e'cos t + 5e'sint BE) 2 e'cost - 5e'sint

CD) 2e'cost+ e'sint  CE)2e'cost - e'sint DE) None of the above

Total points this page = 9. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called

Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions.

Also circle the correct answer. ] ) _ _
Using the procedure illustrated in class (attendance is mandatory) find the eigenvalues of

A = [(') ’ﬂ eC?,

60. (2 pts.) A polynomial p(L) where solving p(A) = 0 yields the eigenvalues of A can be written

p(r) = ABCDE
A) (|J£73(1+7L) B) (i+A)(1-4) C) (i-A)(1+x) D) (i-M)(1-1) E) (|+7L)(2+7L) AB) (i+1)(2-1)
AC) (i-A)(2+1) AD)(i-A)(2-1.) AE) (2i+A)(1+1) BC)(2i+0)(1-1) BD)(2i-A)(1+))
BE) (2i-A)(1-1) CD) (2i+A)(2+).) CE)(2i+)0)(2-1) DE)(2i-A)(2+.) ABC)(2i-1)(2-1)
ABD) (3i-1)(2+LX) ABE)None of the above.

p() =

61. (1pt.) The degree of p(A) is ABCDE Al B)2 (C)3
E)5 AB)6 AC)7 AD) Noneofthe above.

62. (1 pt.) Counting repeated roots, the number of eigenvalues of A
ABCDE A)0 B)1 C 2 D3 E)4 AB)S5

is :
AC) 6 AD) 7 AE) 8 BC) None of the above
63. (2 pts.) The eigenvalues of A can be written as . ABCDE
) ,=1%=1 By =1M=-i COOM=-1,,=iD)=-1,,=-1E),, =2, ,, =i
AB x =2,0,=-i ACJ)M:*Z,?LZ:i AD)A, =-2, L, =-1i AE) A, =1, A, =2i
BC)A, =1, d=-2i BD)A,=-1, 4,=2i BEJA,=-1, A,=-2i CD) A =2 A =2i
CE x =2, ,=-21 DE)M =-2, A,=2i ABC)% =-2,M,=-2 ABD) None of the above

Total points this page = 6. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called _ _ _
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions.

Also circle the correct answer.

3 -2
Note that A, = -1 is an eigenvalue of the matrix A L ZL
64. (4 pts.) Using the conventions discussed in class (attendance is mandatory), a basis B for

the eigenspace associated with A, is B = . ABCD E

A) {[1, 1] 44y B4 O{ITaT D) {I1.2]" [4.8]'} E) {[2 11}
] AC) {[1,4]'} AD){41 ™ AE) 3,1 } BC) {[1 4,41}

BD 1,-1 BE) {[1,-2 CD) {[1,-2]", [4.8 T} CE) {[2,1]"} DE) [1 3] }

ABC {[1,74 } ABD) {[4,-1]"} ABE ) 3,-11"}

ACD) A =2 1s not an eigenvalue of the matrix A

ACE) A = -1is not an eigenvalue of the matrix A
ADE)None of the above is correct.

65. (1pt.) Although there are an infinite number of eigenvectors associated with any eigenvalue,
since the eigenspace associated with 2, is one dimensional and we have developed conventions
selecting a basis for the eigenspace associated with A,, we say that the eigenvector associated

with A, is . ABCDE

A) [1, 1]T L4 4y B) ﬂ T% C) {[1, 2]T}T D) {El 2] 1481y BY{[21]}
{ AC AD) {[41]'} AE){[3,1 b} BC) {I1,-1]’, [4,41"}
[1 1 BE) {[1,- 23 } CD){[1,- 2] 4.8 T} CE) [2,1]"} DE) {[1,3 }
ABC) {[1, 4 } ABD) {[4,-1]"} ABE) {[3,-1]"}
ACD) A, =2isnotan elgenvalue of the matrix A
ACE) A= -1isnot an eigenvalue of the matrix A ADE)None of the above is correct.

Total points this page =5. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called

Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions. Also circle
the correct answer.

Consider the scalar equation u” - 4 u’ - 2 u = 0 where u = u(t) (i.e. the dependent
variable u is a function of the independent variable t so that u’ = du/dt and u” = du’/dt). As was done in class
(attendance is mandatory) convert this to a system of two first order equations by letting u = x and u’ =y (i.e.
obtain two first order scalar equations in x and y). You may think of x as the position and y as the velocity of a

_ X
point particle). This system of two scalar equations can be written in the vector form X' = AX where X = [ }

y
and A is a 2x2 matrix. You are to find

b
A= {2 d} that is you are to find a, b, ¢, and d.

66.(lpt) a=_ . A BCDE
67.(1pt) b= . ABCDE
68.(lpt) c=_ . ABCDE
69.(1pt) d=_ . ABCDE

Possible answers this page.

A0 B)1 C2 D)3 E)4 AB)5 AC)6 AD)7 AE)8 BC) 9
BD)-1 BE)-2 CD)-3 CE)-4 DE)-5 ABC)-6 ABD)-7 ABE)-8 ACD)-9
ACE? None of the above

Total points this page = 4. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called _ _ _
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions.

Also, circle your answer. ~ TABLE
Let the 2x2 matrix A have the eigenvalue table Eigenvalues  Eigenvectors
- |1
Let L:A(R,R?-A (R,R? be defined by L[x]=x-Ax r=-1 & = {2
and let the null space of L be N, r,=-2 52 = L
70. (1 pt). The dimension of N, is : ABCDE

Al B) 2 C)3 D) 4 E)5 AB) 6 AC) 7 AD) None of the above.
71. (2 pts.) A basis for the null space of L is . ABCDE

S e N FRR TR R
0 - el s[5 soa [efle] w0 o[ fle]
[ 2] w0 o[l moe- il

BE) B= H L { }eﬂ} CD) None of the above

2

72. (2 pts.) The general solution of %' =Ax is : ABCDE
A) X(t)zq{ﬂe‘mz ﬂez‘ B) x(t) =c, ﬂe"+cz ﬂez‘ C)X(t):clmewcz[ﬂﬁ D)X(t):clﬁ e"+02B e
E)m):cl[; e1+cz[i ¢ AB) X(t):c{; e‘+czﬁ e AC))‘((t):cl[ﬂe‘+cz[ﬂe’z‘ AD) x(t-c, ﬂewcz ﬂe
AE) x(t)=c, jewcz _ZJezt BC) )"((t):cl[_lz}e”rc{ﬂez‘ BD) X(t):cl{_lz}e”rc{ﬂez‘

BE) X(t):cl{_lz}e‘ +c2meﬂ CD)None of the above

Total points this page = 5. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called

True or False. Let fand g be real valued functions of a real variable; that is, f.R -~ R and
g:R - R. Circle True if the statement is true. Circle False if the statement is false.

73. (1 pt.) A)True B)False The function fisevenif f(-x) =f(x) V x € R.
74. (1 pt.) A)True B)False The function fisevenif f(-x) = -f(x) V x € R.
75. (1 pt.) A)True B)False If fand g are both odd functions, then the product of fand g is an

even function.
76. (1 pt.) A)True B)False The function f is periodic of period T if f(x +T) = f(x) VxeR.

77. (1 pt.) A)True B)False If fis an even function, then we know that [ fx)ax =0.

For each of the following questions write your answer in the blank provided. Next find your answer from the
list of possible answers listed and write the corresponding letter or letters for your answer in the blank provided.
Then circle this letter or letters

Classify the following function with regard to whether they are odd or even.

78. (Lpt) f(x) =-x is : ABCDE

79. (Lpt) f(x)=-3 is : ABCDE

80.( 1 pt.) f(x) = sin(x) is . ABCDE

81. (1 pt.) f(x) = *-x* is . ABCDE
82. (1 pt) f(x) =-€* is . ABCDE
83.(Lpt)f(x)=0 is : ABCDE

Possible answers for questions 78-83.

A) odd, but not even B) even, but not odd C) both odd and even
D) neither odd nor even E) none of the above

Total points this page = 11. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called _ _ ] )
Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions Also circle

your answer.
Let f;R-R be in PC.(R,R;/) = {feF (R,R): fis periodic of period 2¢, fand f' are piecewise continuous on

D], and f(x) = o) +1(x) at points of discontinuity} so that its Fourier series exists.
84. (2 pts.) The formula 1%r the general Fourier series for f € PCL (R,R; /) given in our text

is f(x) = . ABCDE
N 00
A)a,+ a, cos(n7nx) +h, sin(n—;tx) B) a,+ Y a, COS(n?nX) +b, Sin(n?nx)
n=1 n=0
ay & 4 . <
C) ?0 +>a, cos(n%x) +b, sin(n?nx) D) -2+ ) a, cos(nnx) +b, sin(nnx)
g;:l nogo

E) A Zan cos(n—ﬂx) +b, sin(n—nX) AB) a—2°+ Z a, cos(nnx) + b, cos(nnx)
n=1

= /
AC) Noné 6f the above

85. (2pts.) where forn=0, 1, 2, ... we have a, = : ABC DE
2 o 2 ¢t nm 1t nm
A) 7Lf(x)cos(7x)dx B) zjof(x)cos(Tx)dx C) ZLf(x)cos(Tx)dx

D) 2['fcos(Cxyx  E) %Iif(x)cos(nnx)dx AB) g [ F00cos(dx
AC{ None of the above. ' ‘

86. (2pts.) andforn= 1,2, ... we have b, = : ABC DE
A) % J.ééf(x)sin(n%x)dx B) % [ éf(x)sin(n—Zx)dx C) % Iif(x)sin(%nx)dx

0

D) [/t (0ysin™dx E) b, = % [ f()sinx)dx AB) g [ £00sinx)x

0

AC) None of the above.

Total points this page = 6. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called
Recall from the previous page that PC; (R,R;¢) = {feF (R,R): fis periodic of period 2¢, f and f' are piecewise
continuous on [)¢,0], and f(x) = ( f( x+) + f( x))/2 at points of discontinuity}. Now let rci,(r.r;¢) be the
subspace of PC. (R,R;¢) for which the Fourier series is finite. Recall from class discussions (attendance is

mandatory) that PC; (R,R;/) and pci (R,R;#) are inner product spaces with inner product (f,g) = jif(x)g(x)dx,

that By e, {1/2}u{008( F neNpo{sin- ™):neNk is an orthogonal Schauder basis for PC.(R,R;/), and that
- is an orthogonal Hamel basis of PCL (R,R;/) .

87. (1 pt.) Using the notation given above, an orthogonal Hamel basis for rci.(r.r;2)

IS . AB CDE Hint: What is (?
A) {eos(Fyine Ny {sin(E)n e N} B) {1/2}u{cos(n—2n) ‘ne N}u{sin(%n) ‘neN}
C) {/ 2}u{cos(”74") ‘ne N}u{sin(%n) ‘neN} D) {U/ 2}u{cos(n—3n) ‘ne N}u{sin(%n) ‘neN}
E) {W/2pxofeos(T):neNpfsing):neN} AB) None of the above.

88. (2 pts.) The Fourier series for the function f(x)e pci (rR,R;») which has period 4 and is defined
on the interval [-2,2) by f(x) = 3 + 2 cos(2nx) + 2 sin(3x X) IS

f(x) = . ABCDE
Hint Think Hamel basis.
2k + 1) =4 . (2k+Dn
sin X B) 2+ sin X
kZ(Zk 1) T ) Z‘(Zk D" 2
- (2k +1)m .
C) 3+ 2 Gipx oo x) D)2 +Zk—sm(knx) E) 3+ 3cos(2nx) + 2sin(3nx)  AB) 3+

Zcos$2nx) Y 3sm(3nx) AC) 3 + 2cos(nx) + 23|n(3nx) AD) 3+ 2co0s(2nx)+ 2 sin(mx)
AE) 2+ 2cos(2nx) + 2sin(3nt x) BC) 2 + 2cos(nx) + 2sin(3x X) BD) 3 + 2cos(2nx) + 2sin(3nx) BE)
None of the above.

Total points this page = 3. TOTAL POINTS EARNED THIS PAGE
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PRINT NAME ( ) ID No.
Last Name, First Name MI, What you wish to be called

Let PCL(R,R;/)and B...., be ason the previous page. Now let f(x) € PCL(R,R;) be the function whose
domain is R which has period 4 and is defined on the interval (-2,2) byf(x) = 2 _2z:2 . Using the formulas
on the previous page, determine the Fourier series for the function f. Begin by sketching f for several periods.
As discussed in class, indicate on your sketch the function to which the Fourier series converges

89. Sl pt.) To apply the formulas given on the previous page we choose ( = -
A)i=1 B)(=2 CC(=3 D)t=4 E)(=-1 AB) (=-2 AQ)
AD) ( = -4  AE) None of the above

AB CDE
0=-3

Next write down the formulas for a Fourier series and its coefficients using this value of (. After computing the
a,’s and the b,’s, note what they are for n odd and n even. Then answer the questions below and on the next two
pages.

90. (3 pts.) We have a, = . ABCDE A0 B)1 C2 D)3
E) 4 AB)-1 AC)-2 AD)-3 AE) -4 BC) None of the above

dy

Total points this page = 4. TOTAL POINTS EARNED THIS PAGE
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Last Name, First Name MI, What you wish to be called ] ] o
Let f(x) be as on the previous page. Continue the computation of the Fourier Series coefficients.

91. (3 pts.) Fora, withnodd (n=1, 3,5, ...) so that for k=0,1,2,3,.. we have

By = . ABCDE A0  B)1/(2k+1)
C) 2lCk+1) D) 3/(2k+1)  E) U[(2k+1)x AB) 2/[(2k+1)n] AC) 3/[(2k+1)n]
AD) 4/5 2k+l)n]  AE)8/[(2k+1)n]  BC) -1/(2k+1) BD) —2/(2k+1) BE) -3/(2k+1)

CD) -4/(2k+1) = CE) -1/[(2k+1)x] = DE) -2/[(2k+1)n]  ABC) -3/f{(2k+1)x]

ABD) -4/[(2k+1)r] ABE) -8/[(2k+1)x] BCD)None of the above

a, =

92. (3 pts.) For a, withneven (n=2, 4, 6, ...) so that for k =1,2,3,... we have

Ay = : ABCDE A)0 B) 1/(2k) C) 1/k
D) 3/(2k) E) 1/(2kn AB) 1/(kr) AC) 3/(2knr) AD) 2/(kn§ AE; 4/(kn
BC) -1/(2k) BD) -1/ BE) -3/(2k) CD; -2lk  CE) -1/(2kn DE) -1/(kn)

ABC) -3/(2kn) ABD) -2/(2knr) ABE) -4/(kxr) BCD)None of the above

93. (3 pts.) For b, withnodd (n=1, 3,5, ...) so that for k=0,1,2,3,... we have

Doer = : ABCDE A)0 B)1/(2k+1) C) 2/(2k+1)
3/2(k2I1<+1) E) 1/[(2k+1)x] AB) 2/[(2k+1)x] AC) 3/[(2k+1)xr]  AD) 4/[(2k+1)x]
AE) 8/[(2k+1)n BC) -1/(2k+1) BD) -2/(2k+1) BE) -3/(2k+1) CD) -4/(2k+1)
CE) - 1/[(2k+1)x] DE) -2/[(2k+1)x ABC) -3/[(2k+1)r] ABD) -4/[(2k+1)x]
ABE) -8/[(2k+1)xr] BCD)None of the above

b, =

Total points this page =9. TOTAL POINTS EARNED THIS PAGE
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Last Name, First Name MI, What you wish to be called ] _ )

Let f(x) be as on the page before the previous page. Continue the computation of the Fourier Series
coefficients.

94. (3 pts.)For b, withneven (n=2, 4, 6, ...) so that for k=1,2,3,...

we have b, = . ABCDE A)0 B) 1/(2k) C) 1/k
D) 3/(2k) E) 1/(2kn AB) 1/(kr) AC) 3/(2knr) AD) 2/(kn§ AE; 4/(kr
BC) -1/(2k) BD) -1/ BE) -3/(2k) CD; -2/k  CE) -1/(2kn DE) -1/(kn)
ABC) -3/(2kn) ABD) -2/(2knr) ABE) -4/(kxr) BCD)None of the above

95. (3 pts.) Thus the Fourier series for f(x) may be written as

f(x) = : ABCDE
= 1 . _(2k+Dn = 1 (2k+ D
A)l+ %;‘(Zk;l)nsm( e X) B)1+ %(2k+l)n cos((2k 21) X)
. +1)T + 1)
Q1 kZ_:;(zkzl)ns'”( ol ) D) 1+§ggk+1 - 2 1))()
- . +1)n +1)r
E)1+ kz_:go(Zk+l)nsm( > X) AB)1+ kz_;‘w(Zk+l)n cos( X)
AC)2+ > ! sin((2k+l)7r x) AD)2+ > ! cos((2k+1)nx)
S k+Dn 2 S (2k+ D 2
AE) 2+ Y 2 sin((ZKIDTy)  Boyas T2 cog(ZKFDT,,
Gk 2 3 @k r 21
BD)2+ 3 4 @y, BE) 2 + (Zk+Dm
. e (2k2 + ) i (2K +1) (2k+%)n
cD)i- %(2k+1)ns' =0 B~ kz_(;(zwm e R
DE) 1 - 2 (@D ABey 1 5 2 (kD
g (24 D (2k2+l)n i (2 l) (2k+21)n
ABD)1- > 2k+1nsm( > ) ABE) 1- §(2k+1) ( > X)

Total points this page = 6. TOTAL POINTS EARNED THIS PAGE
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Follow the instructions on the Exam Cover Sheet for Fill-in-the Blank/Multiple Choice questions. Also circle

the correct answer. ) _
Consider the Partial Differential Equation (PDE): tu,, - Xu,, =0

96. (4 pts.) Using the method of separation of variables with separation constant A, one of the

following sets of two Ordinary Differential Equations (ODE's) can be obtained from this PDE.

Recall that the process does not yield a unique set of ODE's. Following the advice givenin class  as to the
choice of separation constant (attendance is mandatory) we may obtain the set of

ODE’s ABCDE
A) XX"+A X =0, tT"-AT=0 B) X"+AxX=0, T"-MT=0

C) X"+AixX=0, tT"-AT=0 D) AX"+xX=0, AT"-tT=0

E) xX"+A X =0, tT"+AT=0 AB) X" +AxX=0, T"+AtT=0

AC) X" -AxX=0, tT"-AT=0 AD) AX"+xX=0, AT"+tT=0

AE) X"+AX =0, tT"-AT=0 BC) X"+AX=0, T"-MT=0

BD) X"+AxX=0, T"-AT=0 BE) A X"+xX=0, AT"-T=0

CD) Separation of variables does not work on this PDE.

CE) Separation of variables works on this PDE, but none of the above is correct.
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Recall the definition of PC; (R,R;/) given on page 22. Now let PC;,(R.R;7) be the subspace of
PCL(R,R;/) containing only odd functlons PCL,([0,71,R;¢) be the functions in PC; (R,R;¢) with their domains
restricted to [0,(], and PC},([0.7],R;¢) be the subspace of PCy,([0,4],R;¢) for which the Fourier (sine) series is finite.

Recall that B, e —{sm(—) neN}is a Hamel basis of PCi,([0,4],R;¢) and a Schauder basis of PC}([0,/].R;?).

To formulate the heat conductlon in a rod problem as a linear mapping problem we let D = (-(,0)x(0,«), D =
[-0,0]%[0,), A,c(D ,R) = {u(x,t)eF (D ,R): ue

A(D,R)NC(D,R)} and Aco(D,R)= {u(x '[)GAHC(D R)): u(0,t) =0and u(¢,t) = 0 for t > 0}. Now let Lg:A
neo( D ,R) ~A(D,R) be defined by Lg[u] = u, -0?u,, Thus we incorporate the boundary condltlons into the
domain of the operator. Now let N be the null space of Lg and Proby(Aco( D ,R), Lg[u] = 0; o?,() be the

problem defined by

PDE u = o?u, O<x<iy( t>0

BC u(Ot) O u(e,t) =0, t>O
so that the solution set of Prob,(A ¢ 0( D,R),L [u] =0; a?,0) ) is the null space of L. Now let Prob,(A
weol D 5) EL s[u] =0, u(x, O) = Uy(X) ; 0, Q) be the problem defined by

U = a’ U, O<x<¢( t>0
BC u(0,) =0, u(t)=0, t>0
IC u(xO)—u(x) 0<x<{(

and A pcooms( D R;0%,0) = {U(X,t)ENL: U(X,0)€ PCi.,([0,4,R;#) } and A ic 05 D R;0%,0) = {u(x,t)eN,: u(x,0)e
PCL,.(0.71,R;) }. We claim that if u,(x)e PC} ([0, /] R; /), then the solution of
Proby(A e o D ,R), Lg[u] = 0, u(x,0) = ug(X) ; o, 0) is in A e or(D,R). Hence AHCOOﬁS(D R;a%() cA

Heoss( D R)S NL;AHCO(D R)< A,.(D,R). Recall that B

Avicooi D, R;0%0) and a Schauder basis for A ¢ ,+(D,R).
97 (1pt ) The set (which may be thought of as a subset of L*([0,(],R) ) that we (attendance IS
mandatory) considered to be the state space for Proby(A ;¢ o( D ,R), Lg[u] = 0; 0,0)

is . ABCDE
A)D B)D C)A, (D R) D) Aco(D,R) E)A(D,R) AB) A coos(D,R;0%0) ACIN,
AC) PCi, . ([0,71,R;¢) AD)PCL ([0, 7],R;?) AE)A heoss(D,R)  BC) None o%tﬁe above

98. (1pt.) A Schauder basis for the state space may be taken to

be ABCDE A)A,(D,R) B)
Auco(D,R) C)A(D,R) D)AcoomlD,R;a%0) E)N AB) Apcor(DIR) AC)PC#SO([O[]R/)

AD) Pcfsu([o /] R; /) AE) BAH 0,0,fs(D,R;a?,7)
BD)  Bgwr, = 2}u{008(7)- ne N}u{sm(n—f): neN} BE)None of the above

‘ sm( ) neN} is a Hamel basis for

AH,0,0,fs(D,R;0?,/) :{e

{e[ ) sm( ) ne N} BC) ch, (OARD) {sm(7).ne N}
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Let Lg, Nyg, Prob,(Ayco( D ,R), Lg[u] = 0; o, 0), all of the function spaces, and all of the basis sets be as on the

previous page.

99. (1pt.) A Schauder basis for N, the null space of L, may be taken to

be ABCDE
A)A (D ,R) B)Ayco(D,R) C)A(D,R) D) Acoom(D R0 E)N AB) PCi,([0,41,R; )
AC) PCL(0AR  AD)Aucorn(DR)  AE) B ora

BC) o (IR {sm(—) ne N} BD) BPds(R,R,/') ={1/2}u{cos(7).neN}u{sin( J ).neN}
BE)None of the above / /

{e[ )sm( ):neN}

100. (2 pts.) The “general” or formal solution of Proby(A ;¢ o( D ,R),Lg(X,t) = 0; a*0) is given

by u(x,t) = . ABCDE
o _a’n’n? N OLznzﬂz
A dce “ sin(ix) B) Dce “ sm(—x) C) Zc e " ““sm(—x) D)
nsl, 2 nm 2,2 o=l :(sznznz

o a’n‘n an‘r

Sce sm(—x) E)Zce £ tsm(nnfx) AB) Zce £ sm(—x)

n=1 2 2 2 n=1

an

0 5 0 n
AC) Yce cos(7x) AD) chcos(%x) AE) None of the above.
= n=1
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Let Lg, Nyg, Prob,(A,co( D ,R), Lg[u] = 0; @2, (), all of the function spaces, and all of the basis sets be as on the
page Before the previous page.

101. (2 pts.) The "general" or formal solution of PDE  u,= u,
_ BC u@©t)=0, wu(2t)=0, t>0
(we denote this problem by Prob,(A,co(D ,R),Lg[u] =0; 1, 2))
Is given by u(x,t) = . ABCDE
© _n’r N _n’a? > 22, . N
A) dce * tsin(ix) B) d.ce * tsin(n—nx) C) Y.c.e ™ “sin(—X x) D)
nsl, nm , , n=1 2 2n:21 2
che“tsin(n?nx) E) ZCHethsin(Znnx) AB) cheTtsin(%nx)
n=1 n=1 n=1

ot cos(%" x)  AD) D.a,sin(

n=1

n

i CI m nm
AC) >c.e 5 X)+b, COS(7X) AE) None of the above.
n=1

102. (4 pts.) The solution of

PDE Uy = Uy 0<x<2, t>0
BVP for a PDE BC uéo,t) =0, u(2t)=0, t>0
IC u(x,0) = 6 sin(6nx) 0<x<2
(we denote this problem by Prob,(A . o( D ,R),Lg[u] = 0, 6 sin(6nx); 1, 2) )
Is given by u(x,t) = : ABCD E

n°n 952

> - t . Nm ? ==t 3 2
A) 263 ! S'n(?x) B) ge 4 sin(mx) C) 6e * tSln(%tx) D) 6e* " sin(6nx)
n=l

E) D2 6e™ 'sin(6nx) AB) gzt sin(6nx)  AC) 6627 tsin(3nx) AD) 667 sin(6nx)
AE) "None of the above.
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Let ProbD(A weo(DLR), LB[u] =0, u(x,0) = uo(x) o?, 0) be the problem defined by
PDE

= 02 U, 0<x <Q t>0
BC u(0,) =0, u(,p) = t>0
IC u(x,0) = uo(x) 0<x<{(
103. (2 pts.) The formula for the solution of Proby(A ;¢ o( D ,R), Lg[u] =0, u(x,0) = uy(x) ; o, 0)
IS given byu(xt)— : AB CDE
a’n’n N (xznznz
A)che £ tsm(n—x) B) > ce sin(%x) C)Zc g o ““sm(—x)
znznz n n=l o2nn? =1 OLznzﬂz

D)Zce e sin(%x) E)Yce ” tsin(nnfx) AB)Zce £ sm(—x)
n=1 n=1

aznznz

AC) Z ce ” t cos(% X)

AE) None of the above

104. (2 pts) where the formula for c,isc, = : ABC DE

A) ju sm(nix)dx B) ju sm(—x)dx C) 27-|/'u0(x)sin(r]7nx)dx D) %J:ug(x)sin(n%x)dx E)

%J;ug x)sin (nmex )dx AB) _[u (x)sm(—x]dx AC) %j sm(%x)dx AD) ju cos(n%x)dx AE) None of the
above.
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Let Proby(Ayco( D ,R), Lg[u] =0, u(x,0) = 2; 1, 2) be the problem defined by

PDE Uy = Uy 0<x<2, t>0
BC u0,) =0, u@t=0, t>0
IC u(x,0) =2 O<x<2

105. (2 pts.) The formula for the solution of Prob, (A, o( D ,R), Lg[u] = 0, u(x,0) = 2 ; 1, 2) is given

by u(x,t) = . ABC DE
® ,ﬁ A 2 N *ﬁ . n ~ —4n?g? H n

A ce ¢ tsm(n—x) B) Y ce * t5|n(7nx) c)Y.ce’ t3|n(7nx)
n=1 T n=1 n=1

0 nznzt 0 nznzt nznz

D)Yce * sin(%nx) )Y ce ¢ sin2nmx)  AB)Y c.e ¢ sin(

n=1 n=1

nm
—X
5 )

- - n g nm
AC)> ce * tcos(%tx) AD)X c.sin(5=x)  AE) None of the above.

106. (2 pts.) where the formula for c,isc, = : ABC DE
A) 2§sin(%x]dx B) stin[nz—ndex C) Zisin(nz—nx]dx D) 2§sin(”7“x]dx
E) 2Isin(znnx)dx AB) 4_!fsin[n7ndex AC) isin[nz—nxjdx AD)cnzzjzcos(rZ[xjdx
AE) None of the above.
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Let Prob,(A co( D ,R), Lg[u] =0, u(x,0) = 2 ; 1, 2) be as on the previous page.

107. (2pts.) Computing c, using the formula on the previous page, fornodd (n=1, 3,5, ...) we

have for k=0,1,2,3,... that ¢

ABCDE  A)0 B)1/(2k+1)

2/(2k+1) D) 3/(2k+1) 1/[%2I1<+1)n] AB) 2/[(2k+1)n] AC) 3/[(2k+1)n}
AD) 4/[(2k+1)xr]  AE) 8/ (2k+1)m] BC) -1/ 2k+1; BD) -2/(2k+1) BE% -3/(2k+1)
CD) -4/(2k+1) CE) fllg 2k+1)nr] DE) -2/[(2k+1)r] ABC) -3/[(2k+1)x
ABD) -4/[(2k+1)x] ABE) -8/[(2k+1)xr] BCD)None of the above
C,=
108. (2 pts.)For ¢, withneven (n=2, 4, 6, ...) we have for k=1,2,3,...that
Co = ABCDE A)0 B)1/(2k C) 1/k
D) 3/(2k) E) 1/(2kn AB) 1/(kn) AC) 3/(2kx)  AD) 2/( ng AE; 4/(kr
BC) -1/(2k) BD) -1/ BE) -3/(2k) CD) -2/k  CE) -1/(2kn -1/(kn)

ABC) ~3)(2kn) ABD) -2/(2kn) ABE) -4/(kn

BCD)None of the above

109. (2 pts.) Hence the solution of Proby(Ayco( D ,R), Lg[u] =0, u(x,0) = 2 ; 1, 2) may be written

as u(x t) =
SR, (2k+ D)
4 sin(————x
A Z(2k+1)rc - ( )
C) N Le (2k+i) : tcos(M X)
~(2k + ) » 2
E) 0 Le7 (2k+i.) T tcos((Zk +1)TE X)
Sk 2
AC) iLe( v tCOS(MX)
v (2k +(1kn1) 4
E)z 4 cos((2k)7t x) BC) Z

T éﬁ}ove

None ofth

ABC DE
B) ZN: 8 67% I((2k+1)rc %)
~(2k+Dn
D) i 4 e—‘”?“ Sln((2k+1)n )
~(2k+)m 2
i 4 NCIS L
(K +1)n . 4
AD) > ——— e 4 sin(—(2k+1)7E X)
22k0(2k+1)n o, 2
4 sm(—x) BD)Zie 2tsin(%x)
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108. (3 pts.) If both ends of a rod are insulated (recall that we assume that the lateral sides are also
insulated so that the temperature does not vary over a cross section), then a good mathematical
model of the physical heat conduction problem is given by:

PDE U, = oU,, 0<x<¢( t>0
BVP for a PDE BC u(0,t)=0, wu(t)=0, t>0
IC ux,O):uo(x 0<x<{

where u,(x) is the initial temperature distribution in the rod.

T

- O --
/ i \
insulated insulated
x=0 X=1

Applying the separation of variables process to the PDE results in the two ODE's:
1. X"+AX=0
2. T'+d?AT=0
where A is the separation constant. The spacial eigenvalue problem that results from

applying the BC given above is ABCDE
A X"+AX=0 B) X"+AX=0 C.) X" FAX =0
X(0)=0, X(0)=0 X'(0)=0, X(¢t)=0 X(0) =0, X()
D) X"+AX=0 E) X"+AX=0 AB)X+x =0
X(0)=1, X(0)=0 X'(0)=0, X'(©)=0 X'(0)=1, X'0)=0
AC) X"+AX=0 AD) X"+AX=0 AE) X"+AX=0
X(0)=1, X(0)=1 X'(0)=1, X(0)=0 X(0) =0, X'(0) =

BC) None of the above.
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TABLE OF LAPLACE TRANSFORMS THAT NEED NOT BE MEMORIZED

339555% PHMNY 339
" n = positive integer 29 5> 0
sinh (at) ?Z)a_)a)))) s> *a *
cosh (at) HIIIY 5> *g >
esin (bt) ?S)_)g)n)) s>a
e*cos(bt) ?j_)'%a)lp s>a
t'e® n = positive integer ?s)_fé;) s>a
u(t) )b §>0
u(t - ©) SS) s>0
e”f{(t) F(s - c)

f(ct) ¢>0 §F(§)

5(t) 1

5(t - ¢) e
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PARTIAL TABLE OF ANTIDERIVATIVES

[

. Ix[sin(ax)]dx = aizsin(ax) —gcos(ax) +C

no

'fx[cos(ax)]dx = izcos(ax) - 5sin(ax) +C
a a

a’x?-2
a3

w

Ixz[sin(ax)]dx = %sin(ax) - cos(ax) +¢

[xeTeos(@qIox = 22 cos(ax) -2
a a

e

sin(ax)+c

(62}

. fsinz(ax)dx = g—:—asin(Zax) +cC

(2]

. Icos2 (ax)dx :i—isin(Zax) +C
2 4da

\l

. I[sin(ax)] [cos(ax)]dx = 21—asin2(ax) +cC

. sna—h)K sin@+b)x]
8. [Isin@qlfece(bgle= %5 26 270
sin[(a—Db)x] N sin[(a + b)x]
2(a—h) 2(a+b)
cos[(a—b)x] cos[(a+b)x]
"~ 2(a-b)  2(a+b)

+c a’#b?

9. I[cos(ax)] [cos(bx)]dx =

10. | [sin(ax)][cos(bx)]dx = ro @zl




