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1. The general solution of the differential equation 3" = 2T g
2y 4+ cosy
(A) 32 +siny =22 +c (D) 4% +cosy =22 +c
(B) 2y* +cosy=62%+c (E) y? +siny=2%+c

(C) 2¢% +siny =623 +c¢

2. The solution of the initial value problem (1 + z2)y’ + 2z y = cosx, y(0) = 1 is

1+ a2 1+ sin(z
(A) y= si:(a:) (D) y = ;7—&—(1)
22 2 — cos(x
B) 1= 5o ®) y="7
(©)y= 1 i cj)_s(lx)

3. Which of the following homogeneous linear differential equations has y(z) = z sin(v/2 )
as a solution?

(A) ¥/ +2y=0 (D) y™ +2y"+2y=0
B) ¥y +2y +2y=0 (E) None of the above
(C) y™ +4y” +4y=0

4. Which of the following is a fundamental set of solutions for the homogeneous differential
equation 3" — 6y +9y =07

(A) {GSCE, 631} (D) {673:1:’ T 673z}
(B) {67817631} (E) {61/3’ 671/3}
(C) {6317 T 63I}

5. The Wronskian determinant W (z) associated with the set of functions {z,e*, z + e} is
(A) e* (D) o
(B) €* (E) 1
(C) xe?®
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6. The homogeneous equation y” + 16y = 0 has for general solution
y(w) = ¢; cos(4x) + co sin(4x)

(you need not check that). The boundary—value problem " 4+16y = 0, y(0) =0, y(7) = 1

has:
(A) the unique solution y = 1 — cos(4x) (D) two solutions: y = cos(4x) and y = sin(4x)
(B) no solution (E) infinitely many solutions: y = C'sin(4z),

. . . where C' is any number
(C) the unique solution y = sin(4x)

7. The homogeneous differential equation y*) + y3) — 2y” = 0 has for general solution

y(r) =c1 +eax+cze 2 fcye”

(you need not check that). For this equation, the initial value problem y(0) = 1
Y (0) = —1, ¥ (0) = 4, y® (0) = —8 has solution

)

(A) y(z)=0 (D) y(z) = +e 27
(B) y(z) =z +e™* (E) y(z)=1+¢e"
(C) y(a) =1+e2"

8. The solution of the initial value problem 4y” —y = ze? subject to initial condition
y(0) =1,4'(0) =01is

(A) y(z) = Zef + ie_% + - 2%e? — %me%
(B) y(z) =e? + e 2 +2%e> —ze?
3« 1 . 1 1 z
(C) y(z) = 1675 + 165 + §$2€7E - 133675
7
D ==
(D) y(a) = |

(E) None of the above
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9. If the method of undetermined coefficients is used to solve the linear differential equation

y"” 4+ 9y = sin(3 ), then the form of a particular solution is

(A) yp(z) = Asin(3z) + Bcos(3z)
(B) yp(z) = Azsin(3z) + Bz cos(3x)

()

(z)
(C) yp(z) = Asin(32)
(D) yp(z) = Az’sin(3z) + Ba?cos(3z)
()

(E) yp(z) = Az3sin(3z) + B a3 cos(3 )

10. The general solution of the linear differential equation 22 y” — 6y’ — 8y = x2, for which

the homogeneous part has the solutions y; (z) = 2® and ys(z) = é7 is given by

o ] C2 1
(A) y(z)=c1x +;_48?
1
_ 8 2
(B) y(x)=c1x +7_27gc3
1
C - 84 2
( ) y(x) crx” + 48 2
1
(D) y($)=clx8+f—ﬁw4
1
(E) y(x)—clm8+£—ﬁx2

11. Consider the boundary-value problem 3" + Ay = 0, ¥'(0) = 0, ¥'(7) = 0. The smallest

eigenvalue A for this problem is
(A) 1 (D)
(B) 3 (E) =
(C) 0

PN
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12. Suppose that A is a

2 x 2 real matrix and that one of its eigenvalue is A = 2 4 ¢ with

. . 2 .
corresponding eigenvector v = [J . Then, the general solution of the 1st order system

X’ = AX is given by

[ el cos(2t) el sin(2t) 2¢! cost et sint
(A4) X(t) = | —2€ sin(2t) T2 e cos(2t) (D) X(t) =1 —etsing| T |26 cost
(22t cost 2¢?tsint 2¢?tsint 2¢%t cost
(B) X(t) = _—e2t sin t] T e th cost] (B) X(t) = |:—€2t sint| T | €2 cost
[2e2t sint —e2tgint
(C) X(t) = _—e2t cos t} T [2e2t cos t}

13. Suppose that A is a 3 x 3 real matrix with characteristic polynomial

P(\) =det(A— ) = -3+ 2\ + 4.

Find A if
8 4 -2
A=10 2 2
0 -2 2
1 1 =2 0 2 -1
Ay A=[2 1 =2 (D) A=12 1 2
-2 -2 2 4 -1 2
2 1 —2] 2 2 —1]
B) A=1|1 2 -1 (E) A=(0 -1 1
0 -2 1| 0 -1 -1
(0 1 =2]
(C)A=1|2 1 1
1 -2 4
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14. The symmetric matrix

8§ -2 =2
A=1|-2 11 -1
-2 -1 11
1
has characteristic polynomial P(A) = —(A — 6) (A — 12)? and v; = |—3| is an eigen-
1

vector associated with the eigenvalue A = 12. Another eigenvector associated with the
eigenvalue A = 12 and orthogonal to v; is given by

[—4] 3
(A) Vg — 1 (D) Vg = 1
| 7] 0
__1—. r 1
(B) V2 = 0 (E) Vg = 2
|1 | —4
F o
(C) Vg = -1
_71_
15. Let
2 a
a-fi
Find the value of a for which A = 5 is an eigenvalue of A.
(A) a=2 (D) a=6
B) a=-5 (E) a=7
(C) a=-3

1
16. Find the value of a for which the vector v = [2 is an eigenvector of the matrix

2
-1 0 2
A=10 1 a
a 2 0
(A) a=1 (D) a=2
B) a=-1 (E) a=0

(C) a=-3
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17. The eigenvalues A of the matrix

2 01
A=1[10 2 2
13 1 0
are given by:
(A) A=0,2,3 (D) A=-1,1,2
(B) A =-2,1,4 (E) A=-13,2,3
(C) A =-3,2)5
18. A 3 x 3 matrix A has eigenvalues \; = —2, Ay = 1 and A3 = 4 with corresponding
eigenvectors
-1 1 0
U1 = 0 , V2 = 1 , U3 = 1 )
2 1 2

respectively. Then, a matrix P satisfying

4 0 0
P'AP=1{0 -2 0
0 0 1
is given by:
-1 0 2] [1 0 —1]
A)yP=|1 1 1 D)yP=|1 1 0
[0 1 2] 1 2 2|
(-1 1 0] (0 —1 1]
B)P=|0 11 (E)yP=1[1 0 1
2 1 2] 2 2 1]
1 o
(C) P=|1 0 1
_1 2 -




MATH 2703 —SAMPLE 8

19. The 3rd order linear differential equation z'(t) — 22" (t) + 3x(t) = 0 can be written
t)
t)|, with
t)

a(
as a 1st order linear system of the form X'(t) = AX(t) where X(t) = |y(
2(

y(t) = 2' (1), =(t)

2" (t) and A being the matrix

1 0 o0 0 1 0
(A) [0 1 0 (D) |1 0 1
0 3 -2 3 -2 1]
[0 0 1 1 1]
(B) [t 00 (B) |1 1 0
2 0 3 -3 2 0]
[0 1 0
(C) o o0 1
-3 0 2

20. The solution of the initial value problem

{x/(t) = —a(t),

y'(t) = —4z(t) +3y(t),
with initial conditions x(0) = 2, y(0) = 3 is given by
(A) z(t) =e '+ €3, (t) e t+2e¥ (D) z(t)=—et+2e%, y(t) = —e"+3e3
(B) z(t) =3et - y(t) =2e7t +e3 (E) z(t) =2e7t, y(t) = —e~t + 4%
(C) x(t) =2e, y(t) =2e7t + €3t

21. Suppose that A is a real, 3 x 3 matrix with eigenvalues A\; = —1, A = 0 and A3 = 2 and
corresponding eigenvectors

x(t)
respectively. Let X(t) y(t)| be the unique solution of the initial value problem
z(t)
3
X'(t) = AX(t) with initial condition X(0) = [3|. Then, the value of the 1st component
9
of X(t)at t =11s
(A) z(1)=2+e (D) z(1) = -1+et +2¢
(B) (1) =e+2e7! (E) z(1)=1—-2¢e 1 —¢
(C) z(1)=1+2¢!
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22. Let A be an n x n real, symmetric matrix. Which of the following statements is not
always correct?
(A) AB = B A for any n x n symmetric matrix B
(B) A is diagonalizable
(C) A? — A is symmetric
(D) A2 is symmetric
(E) A?is diagonalizable

23. Let A be an n x n real matrix. Which of the following does not necessarily imply that
A is diagonalizable:
(A) A has n distinct eigenvalues.
(B) A is symmetric.
(C) A = B?, where B is diagonalizable.
(D) A is invertible and A~ is diagonalizable.

(E) The 1st order system X'(t) = AX(t), where X(t) is a column vector with n com-
ponents, admits n linearly independent solutions for —oo < t < oo.

24. The Laplace transform £ {(3t —1)*} is

18 6 1 (3s—1)?
A —— =<+ - D
(A) 35— 2715 D) —

9 6 1

- _ = - s/3
(B) 2 5+1 (E) 55€

(C) 9se™3/3

25. The Laplace transform £ {63t72} is

(4) 381—5 (D) 86:3

3 1
(B) P (E) Bs—2p
(€) 313

26. The Laplace transform L {¢ sin(2t)} is

4
RRCETE

4s
(217

4s
© ~wrp

(B)

2s
P) wrp

2 52
A
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1
27. The inverse Laplace transform £71{ ————— b is
s(s2+4)

(A) 1— cos(2t) (D) % sin(2t)

B) 4(1 — cos(2t
(B) 4( (2t)) (E) i(1+cos(2t))

(C) i (1 — cos(2t))

—TSs

28. Suppose that L{f(t)} = z:ﬁ. Then, the value f(3) is
1
(A) 0 (D) =
2
(B) 1 37.(.6—3#2
E) 22
(C) -1 () 972 44

29. The convolution (f * g) (t) of f(t) = e~ and g(t) = €' is equal to

(A) 1 (D) - (e*"+e?)

(B) t

Bl B |

(E)

(th _ e—Qt)

(C) % (6215 _e—Zt)

30. Consider the differential equation

gy L 0St<E,
Y2700, t>o0,

with initial condition y(0) = 0. The Laplace transform £ {y(t)} of the solution is

6733 6*35 -1
(4) s+ 2 (D) 5(s+2)
1—e 3 1+ e—3s
®) s(s+2) () s(s+2)
1—e 2
(©) s(s+3)

1
31. If y(t) is the solution of the differential equation y" + V= d(t—m) with initial conditions
y(0) = 0, 3/ (0) = 1, then y(27) is equal to
(A) 2 (D) 4

(B) -2 (E) —4
(C) 0
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32. The system of differential equations
=2x—y
y =4z -2y

with initial conditions z(0) = 1 and y(0) = 1 has for solution

(A) z(t) =2¢* — ¢ (D) z(t) =1+t
(B) z(t) =1+2t (B) z(t) =€*
(C) z(t)=1—t

33. The differential equation (4 — )23y (z) + 2 y'(z) — 2y(z) = 0 has all of its singular
points classified as

(A) z =2 regular, z = —2 regular, = 0 irregular

(B) z =4 regular, x = 0 regular

(C) z =4 regular, x = —4 regular, x = 0 regular
(D) x =2 irregular, x = —2 irregular, = 0 regular
(E) x = 2i regular, z = —24 regular, x = 0 irregular

34. The differential equation 9z y” + 3y' + 2y = 0 has a general solution of the form

(A) y= Z an 2" + Z by 2"t (D) y= Z anxn’_% + (Inz) Z by, £ 3
n=0 n=0 n=0 0

(B) y:ianx”Jri by 2”3 (E) y:ianx"Jri by, 2" 3
n=0 n=0 n=0 n=0

(C) y= Z an 2"t + (Inz) Z by, x5
n=0 n=0

o0
35. The differential equation ¥ + zy’ + y = 0 has a power series solution y = Z an "

n=0

where the recursion formula for the coefficients a,, is

n—1 n—1
A) appo=——"———a, D)apo=———"—+—a,
(A) an n+2)(n+1) (D) an-2 (n+2)(n+1)

1 1 1
B n = - n E n = —————0an - 5 Un
(B) an+1 n+2a (E) an4e n+1a+1 n+2a

1

C) apyo =—
(C) ant2 n

an
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12



MATH 2703 —SAMPLE

SCRATCH

13



MATH 2703 —SAMPLE

SCRATCH

14



MATH 2703 —SAMPLE

SCRATCH

15



MATH 2703 —SAMPLE

SCRATCH

16



MATH 2703 —SAMPLE

SCRATCH

17



MATH 2703 —SAMPLE

SCRATCH

18



MATH 2703 —SAMPLE

Some formulas you may use:

[ I ]y [ [ DI,
L) / F(t) e~ dt.
L S R
L{sin(kt)} = ﬁkk?’ L{cos(kt)} = ﬁ7
LU} =sF(s) = f(0), L{f'(t)} = 5> F(s) — s f(0) -
L{FM ()} = 8" Fs) = "1 f(0) = "2 f/(0) = — s f72)(0) -

y2(z)

£1(0),

L{e™ f(1)} = Fls —a), L{U(—a) f(t—a)} = e ** F(s),

LU F(0)) = (-1 S F (),

EU%g}E{/¢f@ﬂgﬁﬁh}F@MX@

o{[ s}

L{5(t —tg)} = e *1o.

2 sin(A) sin(B) = cos(A — B) — cos(4 + B),
2 sin(A) cos(B) = sin(A + B) + sin(4 — B)
2 cos(A) cos(B) = cos(A + B) + cos(A — B),

= )
sin(A + B) = sin(A) cos(B) + cos(A) sin(B),
cos(A + B) = cos(A) cos(B) — sin(A) sin(B).

THE END

F0(0),

19



