_ Classroom Voting Questions:
Di erential Equations and Linear Algebra

Chapter 1: First-Order Di erential Equations

What is a Di erential Equation?

1. Which of the following is not a di erential equation?
(@) y°=3y
(b) 2x%y + y2=6
(c) tx& =2
(d) Y +4¥ +7y+8x=0
(e) All are di erential equations.

2. Which of the following is not a di erential equation?

(@) 6% +3xy
0
(b) 8 = y7
2
) 255 +75 =1
(d) h(x)+2h¥x) = g(x)
(e) All are di erential equations.

3. Which of the following couldn't be the solution of a di eratial equation?

(@) z(t)=6

(b) y=3x2+7

(c) x=0

(d) y=3x+y°

(e) All could be solutions of a di erential equation.



4. Which of the following could not be a solution of a di erenal equation?
(a) | (b)

5. Which of the following could not be a solution of a di erental equation?

(@ f =2y+7

(b) g(d)=2d?> 6¢

(c) 6y? +2yx = P

(d) y=4sin8z

(e) All could be a solution of a di erential equation.

6. True or False? A dierential equation is a type of function

(&) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

7. Suppose(;—): = 0:5x and x(0) = 8. Then the value of x(2) is approximately

GV
(b) 8



8.

9.

10.

11.

(© 9
(d) 12
(e) 16

Which of the following is a solution to the di erential equation d_)t/ =72 y?

(@) y(t)=72t 3t?
(b) y(t)=72+ e
) y(t)y=e ™

(d) y()=e"

The amount of a chemical in a lake is decreasing at a rate d@#% per year. Ifp(t) is
the total amount of the chemical in the lake as a function of thet (in years), which
di erential equation models this situation?

@ pt)= 30
(b) pAt)= 030
(c) pAi)=p 30
(d) pA)= 0:3p
(e) pAt) =0:7p

The evolution of the temperature of a hot cup of co ee caalg o in aroom is described

by O('j—{ = 0:01T +0:6, whereT isin F andt is in hours. What are the units of the

numbers -0.01 and 0.6?

(@) -0.01 F,and 0.6 F

(b) -0.01 per hour, and 0.6 F per hour
(c) -0.01 F per hour, and 0.6 F

(d) neither number has units

We want to test the functionz(x) = 4sin3x to see if it solvesz®+ 2z°+ 4z = 0, by
substituting the function into the di erential equation. W hat is the resulting equation
before simpli cation?

(@ 36sinX+24cosX+16sin3x =0
(b) 4sin3xx +8sin3x +16sin3x =0
(c) 36sinX+12cosX +4sin3x =0.



(d) 4sin3x +8cosX +4sin3x =0
(e) none of the above

12. If we test the functionf (x) = a€’™ to see if it could solveff—x = cf?, which equation is
the result?

(a) & = cabe®

(b) abé* = cf?

(c) ae™ = catelb?

(d) abé* = ca?e®™

(e) ab&* = cae™

(f) None of the above

13. We want to test the function f (x) = 3€* + 6x to see if it solves the di erential
equation g—x = 2f +3X, so we insert the function and its derivative, getting &* + 6 =
2(3e* + 6x) + 3x. This means that:

(a) This function is a solution.

(b) This function is a solution if x = 2=5.
(c) This function is not a solution.

(d) Not enough information is given.

14. A bookstore is constantly discarding a certain percerga of its unsold inventory and
also receiving new books from its supplier so that the rate change of the number of
books in inventory isBqt) = 0:02B + 400 + 0:05t, whereB is the number of books
andt is in months. If the store begins with 10,000 books in inventy at what rate is
it receiving books from its supplier att = 0?

(&) 200 books per month
(b) 400 books per month
(c) -200 books per month
(d) 900 books per month



Slope Fields and Euler's Method

15. What does the di erential equationd—){ = 2y tell us about the slope of the solution

d
curves at at any point?

(&) The slope is always 2.

(b) The slope is equal to thex-coordinate.

(c) The slope is equal to they-coordinate.

(d) The slope is equal to two times thex-coordinate.
(e) The slope is equal to two times the/-coordinate.
(f) None of the above.

16. The slope eld below indicates that the di erential equéion has which form?
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17. The slope eld below indicates that the di erential equéion has which form?
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18. The slope eld below indicates that the di erential equéion has which form?
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19. The arrows in the slope eld below have slopes that matcié derivativey®for a range

of values of the functiony and the independent variablet. Suppose thaty(0) = O.

What would you predict for y(5)?
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4. What would you

function y and the independent variable. Suppose thaty(0)
predict for y(5)?

20. The arrows in the slope eld below give the derivativg® for a range of values of the
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21. The slope eld below represents which of the following drential equations?
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(b) y°= ¥
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22. Consider the di erential equationy®= ay+ bwith parametersa and b. To approximate
this function using Euler's method, what di erence equatia would we use?

(@) Ynsr = a@yn + b

(0) Ynsr = Yn+ay, t+Dbt
(C) Yns1 = ay, t+b t

(d) Yns1 = yn t+ay, t+bt
(e) None of the above

23. Which of the following is the slope eld fordy=dx= x + y?
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24. Below is the slope eld fordy

10

1

, the solution to this di erential equation that satis es th e initial condition

2 will

(a) Increase asymptotically toy

Asx!1
y(0)



(b) Decrease asymptotically toy = 1
(c) Increase without bound

(d) Decrease without bound

(e) Start and remain horizontal

25. Using Euler's method, we set up the di erence equation+1 = y,+C tto approximate
a di erential equation. What is the di erential equation?

(@) y°= cy

(b) y°=c

() y’=y+c
(d) y°=y+ct

(e) None of the above

26. We know thatf (2) = 3 and we use Euler's method to estimate that (2:5) 3.6,
when in reality f (2:5) = 3:3. This means that betweerx = 2 and x = 2:5,

@) f(x)> 0.
(b) fYx) > 0.
() f%x) > 0.
(d) %) > 0.

(e) None of the above

27. We have used Euler's method andt = 0:5 to approximate the solution to a di erential
equation with the di erence equationy,+1 = y,+0:2. We know that the functiony = 7
whent = 2. What is our approximate value ofy whent = 3?

(@ y@) 72
(b) yB8) 74
(c) y38) 76
(d) y(3) 78

(e) None of the above

28. We have used Euler's method to approximate the solutiorota di erential equation
with the di erence equation z,,; = 1:2z,. We know that the function z(0) = 3. What
is the approximate value ofz(2)?

11



(@ z(2) 36

(b) z(2) 432

(c) z(2) 5:184

(d) Not enough information is given.

29. We have used Euler's method andt = 0:5 to approximate the solution to a di erential
equation with the di erence equationy,+; = y, + t +0:2. We know that the function
y =7 whent =2. What is our approximate value ofy whent = 3?

@ y@3) 74
(b) y(3) 114
(©) y(3 119
(d) y(3) 129
(e) None of the above

30. We have a di erential equation for((’j—’t(, we know that x(0) = 5, and we want to know
X(10). Using Euler's method and t = 1 we get the result that x(10) 252. Next,
we use Euler's method again with t = 0:5 and nd that x(10) 14:7. Finally we use
Euler's method and t =0:25, nding that x(10) 657. What does this mean?

(&) These may all be correct. We need to be told which stepsit® use, otherwise we
have no way to know which is the right approximation in this cotext.

(b) Fewer steps means fewer opportunities for error, s10) 252.
(c) Smaller stepsize means smaller errors, 2(10) 657.

(d) We have no way of knowing whether any of these estimatesasywhere close to
the true value ofx(10).

(e) Results like this are impossible: We must have made an errin our calculations.

31. We have a di erential equation forf x), we know that f (12) = 0:833, and we want to
know f (15). Using Euler's method and t = 0:1 we get the result thatf (15) 0:275.
Next, we use t =0:2 and nd that f(15) 0:468. When we use t = 0:3, we get
f(15) 0:464. Finally, we use t = 0:4 and we getf (15) 0:462. What does this

mean?

(a) These results appear to be converging to(15) 0:46.
(b) Our best estimate isf (15) 0:275.
(c) This data does not allow us to make a good estimate 6{15).

12



32.

33.

34.

35.

36.

Equilibria and Stability

The di erential equation ‘é—{ =(t 3)(y 2)has equilibrium values of

(@) y=2only

(b) t=3only
(c)y=2andt=3

(d) No equilibrium values

Suppose that 3 is an equilibrium value of a di erential agation. This means that

(a) the values will approach 3.

(b) if the initial value is below 3, the values will decrease.
(c) if the initial value is 3, then all of the values will be 3.
(d) all of the above.

We know that a given di erential equation is in the formy® = f (y), wheref is a
di erentiable function of y. Suppose thatf (5) =2 and f( 1)= 6.

(a) y must have an equilibrium value betweery =5andy= 1.

(b) y must have an equilibrium value betweely =2 andy = 6.

(c) This does not necessarily indicate that any equilibriunvalue exists.

We know that a given di erential equation is in the formy® = f (y), wheref is a
di erentiable function of y. Suppose thatf (10) =0, f (9)=3,and f (11) = 3.

(&) This means thaty = 10 is a stable equilibrium.
(b) y =10 is an equilibrium, but it might not be stable.
(c) This does not tell us for certain thaty = 10 is an equilibrium.

We know that a given di erential equation is in the formy® = f (y), wheref is a
di erentiable function of y. Suppose thatf (6) =0, f (14) =0, and y(10) = 10.

(&) This means thaty(0) must have been between 6 and 14.

(b) This means that y(20) = 0 is impossible.

(c) This means thaty(20) = 20 is impossible.

(d) All of the above.

13



(e) None of the above.

37. We know that a given di erential equation is in the formy® = f (y), wheref is a
di erentiable function of y. Suppose thatf (2) = 3 and that y(0) = 0. Which of the
following is impossible?

(@) y(10) =6

(b) y(10)= 6
(c) y( 10)=6
(d) y( 10)= 6

(e) All of these are possible

38. We know that a given dierential equation is in the formy® = f (y), wheref is a
di erentiable function of y. Suppose thatf (5) = 2, f (10) =4, and that y(10) = 3.
(@) y(0) must be below 5.
(b) y(20) must be below 5.
(c) y(5) could be above 10.
(d) y(15) must be less than 3.

39. A di erential equation has a stable equilibrium value off = 6. Which of the following
functions is de nitely not a solution?

(@ T(t)=5e *+6

(b) T(t)= 4e 2+6

(c) T(t)=4e*+10

(d) They could all be solutions

40. Consider the di erential equationg—x =sin(f)

(@) f =0 is a stable equilibrium.
(b) f =0 is an unstable equilibrium.
(c) f =0 is not an equilibrium.

41. Consider the di erential equationg—x = af + b, wherea and b are positive parameters.
If we increaseb, what will happen to the equilibrium value?

(a) it increases

14



(b) is decreases
(c) it stays the same
(d) not enough information is given

42. Suppose thatfj—{ = f (y), which is plotted below. What are the equilibrium values of
the system?

6

(a) y = 3 is the only equilibrium.
(b) y= 1andy =2 are both equilibria.
(c) Not enough information is given.

43. Suppose thad—)t’ = f (y), which is plotted below. What can we say about the equiliba
of this system?

15



(@) y=0is stable,y = 2 are unstable.

(b) y=0is unstable,y = 2 are stable.

(c) y= 2,0 are stable,y = 2 is unstable.
(d) y= 2isunstable,y =0;2 are unstable
(e) None of the above

44. True or False A dierential equation could have in nitely many equilibri a.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

45, True or False A dierential equation could have in nitely many equilibri a over a
nite range.
(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

46. Consider the di erential equationg—x = af + b, wherea and b are non-negative param-
eters. This equation would have no equilibrium if

16



(@ a=0
(b) b=0
(c) a=1
(d) More than one of the above

47. What is the equilibrium value off =  1g+3€??

(2) This system is at equilibrium wheng = 6€*.
(b) This system is at equlibrium whenz =In ¢ .

ol

(c) Both a and b are true.
(d) This equation has no equlibrium.

48. The gure below plots several functions which all solvene di erential equation y° =
ay + b. What could be the values ofa and b?

(@ a=1, b=3

(b) a=2, b= 6

(c)a= 1,b= 3

(d) a= 2,b=6

(e) b=3 but ais not easy to tell

49. The gure below plots several functions which all solvehe di erential equation & =

ay + b. What could be the values ofa and b?

17



(@ a=0:5b=2

(b) a=0:5,b= 2

(c) a= 05,b=2

(d a= 05,b= 2

(e) None of the above are possible.

Separation of Variables

50. Which of the following DE's is/are separable?

(a) dy=dx= xy

(b) dy=dx=x+y
(c) dy=dx= cos(xy)
(d) Both (a) and (b)
(e) Both (a) and (c)
(f) All of the above

51. Which of the following di erential equations is not sepeable?
(@) y°= 3sinx cosy
(b) y°= x*+3y
(C) yO: e2x+y
(d) y°=4x+7
(e) More than one of the above

18



52. Which of the following di erential equations is not sepeable?

(&) & =xt? 4x

(b) & =3x%3

(c) % =sin(2xt)

(d) & = t*In(5x)

53. Which of the following di erential equations is separale?
(@) uu®=2x+u
(b) 3ux =sin(u9
x3
(€) sy =1

(d) e™* = g

54. If we separate the variables in the di erential equatior8z% = z?, what do we get?
(@) 3z 2dz=t ldt
(b) 3tdt = z2dt
(c) 3z%dz = z2dt
(d) z= P 324
(e) This equation cannot be separated.

55. If we separate the variables in the di erential equatiory®= 2y + 3, what do we get?
(@) ¥ =3dx
(b) dy =2y =3dx
(c) ¥ =5dx
(d) -2 = dx

(e) This equation cannot be separated.

56. What is the solution to the di erential equation: % = 2Xy:

(@ y=e'+C
(b) y = ce’
(c)y=e*+C
(d) y= Ce*

19



57.

58.

59.

60.

The general solution to the equatiody=dt= ty is

(@ y=t>=2+C
(b) y=" T C
(© y=e=2+C
d) y= ce™

(e) Trick question, equation is not separable

. . dR .
The general solution to the equatlon(W +R=1is

r
1
@ R=1 c
() R=1 C¢
(c) R=1 CeV?V

(d) Trick question, equation is not separable

A plant grows at a rate that is proportional to the square oot of its height h(t) { use
k as the constant of proportionality. If we separate the variales in the di erential
equation for its growth, what do we get?

(@) kh'?2dt = dh

(b) pm: kdt

(c) h'*2dh = kdt

(d) h ¥2dh = kdt

(e) None of the above

Existence & Uniqueness

Based upon observations, Kate developed the di erentiaquation ‘ﬂj—{ = 0:08(T 72)

to predict the temperature in her vanilla chai tea. In the eqgation, T represents the
temperature of the chai in F and t is time. Kate has a cup of chai whose initial
temperature is 110F and her friend Nate has a cup of chai whose initial temperatar
is 120F. According Kate's model, will there be a point in time when tle two cups of

chai have exactly the same temperature?

(a) Yes
(b) No

20



(c) Can't tell with the information given

61. A bucket of water has a hole in the bottom, and so the wates slowly leaking out. The
height of the water in the bucket is thus a decreasing functioof time h(t) which changes
according to the di erential equationh®= kh'*?, wherek is a positive constant that
depends on the size of the hole and the bucket. If we start outbaucket with 25 cm of
water in it, then according to this model, will the bucket eve be empty?

(@) Yes
(b) No
(c) Can't tell with the information given

62. A scientist develops the logistic population moddé?°= 0:2P (1 %) to describe her
research data. This model has an equilibrium value &f = 8:2. In this model, from the
initial condition Py = 4, the population never reaches the equilibrium value beoae:

(a) you can't have a population of 8.2.
(b) the population is asymptotically approaching a value 08.2.

(c) the population will grow towards in nity.
(d) the population will drop to O.

63. A scientist develops the logistic population mode?® = 0:2P (1 %) to describe her
research data. This model has an equilibrium value & = 8. In this model, from the
initial condition Py = 4, the population will never reach the equilibrium value beause:

(a) the population will grow toward in nity.
(b) the population is asymptotically approaching a value 08.

(c) the population will drop to O.

64. Do the solution trajectories shown below for the for thei@rential equation y° =
3y sin(y) + t ever simultaneously reach the same value?

21



v =3 vsinl) +1

(a) Yes
(b) No
(c) Can't tell with the information given

Chapter 2: Linearity and Nonlinearity

Nonhomogeneous Di erential Equations & Undeter-
mined Coe cients

65. Consider the equation(‘f—X = 2f + €¥. When we separate the variables, this equation
becomes:

(a) 5o = e¥dx

(b) of =2f + e>dx

(c) *d =(2+ e¥)dx

(d) 2fd = e*dx

(e) This equation is not separable
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66. x{t) + 4x(t) = € and we want to test the functionx(t) = Cpe * + C.€' to see if it is
a solution. What equation is the result?

(@) ( 4Coe *+ C1€)+4Cpe *+4C.e = ¢
(b) (Coe '+ C1€)+4Coe #*+4C.e = €
() 4Cpe *+4C.e = ¢

(d) None of the above

67. We are testing the functionf (x) = Cye® as a possible solution to a di erential equa-
tion. After we substitute the function and its derivative into the di erential equation
we get: Loe* =  2C,e* +4e¥*. What was the di erential equation?

(@ fo= 2f + Ciof
(b) 0= 2f +4¢*
(c) 3f = 2f +4e&¥*
(d) 3Cee* = 2f +4e¥
(e) None of the above.

68. We are testing the functionf (x) = Coe* + C,e ?* as a possible solution to a di eren-
tial equation. After we substitute the function and its deriative into the di erential
equation we get: £,e”* 2Ce ¥ = 2(Coe® + Cie )+ 3¢e*. What value of C
will allow this function to work?

(@ Co= %
(b) Co= 3
(c) Co=3
(d) Co=2

(e) Any value of Cy will work.
(f) No value of Cy will work.

69. We are testing the functionf (x) = Cye* + C,e # as a possible solution to a di eren-
tial equation. After we substitute the function and its deriative into the di erential
equation we get: £oe”* 2Cie * = 2(Coe®* + Cie )+ 3e*. What value of C,
will allow this function to work?

@ Ci= 3
(b) C. = %
(C) Ci=3
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(d) C.1=2
(e) Any value of C; will work.
(f) No value of C; will work.

70. When we havey®= 7y + 2x we should conjecturey = Coe™ + C1x + C,. Why do we
add the C,?

(a) Because the ¥ becomes a constant 7 when we take the derivative and we need a

term to cancel this out.

(b) Because when we take the derivative dZ,x we get a constantC, and we need a
term to cancel this out.

(c) Because this will allow us to match di erent initial condtions.
(d) This does not a ect the equation because it goes away where take the derivative.

71. We have the equatiory®= 2y + sin 3t. What should be our conjecture?

(@) y = Coe? +sin3t

(b) y = Coe® +sin3t +cos3

() y= Coe? + Cysin

(d) y= Coe? + Cysin3 + C,cos 3

(e) y= Coe? + Cie %+ C,sin3t + C3cos3
(f) None of the above

72. Considerg—g = ag+ bcoscz, wherea, b, and c are all positive parameters. What will
be the long term behavior of this system?

(@) It will grow exponentially.

(b) It will converge to an equilibrium.

(c) It will oscillate.

(d) Dierent behaviors are possible depending on the values a, b, and c.

73. A bookstore is constantly discarding a certain percerga of its unsold inventory and
also receiving new books from its supplier so that the rate change of the number of
books in inventory isBqt) = 0:02B + 400 + 0:05t, whereB is the number of books
and t is in months. In the long run, what will happen to the number ofbooks in
inventory, according to this model?
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(a) The number of books will approach zero.

(b) The number of books will approach a stable equilibrium.

(c) The number of books will exponentially diverge from an wstable equilibrium.
(d) The number of books will grow linearly.

(e) None of the above

74. The gure below shows several functions that solve the diential equation y° =
ay + bx+ c. What could be the values ofa, b, and c?

15

101

X

(@ a=2,b=2,¢c=20

(b) a= 2,b= 2,c= 20

(c) a=2,b= 2,c= 20

(d a= 2,b= 2,c=20

(e) a= 2,b=2,¢c=20

(f) Not enough information is given.

75. Itis currently 10 degrees outside and your furnace goa#t,cso the temperature of your
house will foIIow‘(’j—I =0:1(10 T). You nd an old heater which will add heat to your
house at a rate ofh(t) = 3 + 2sin0:1t degrees per hour. What should you conjecture
as a function to describe the temperature of your house?

(@) T(t) = Ae %t + B

(b) T(t)= Asin01lt+ B

(c) T(t)= Ae "M+ BsinGlt+ C

(d) T(t)= Ae %+ BsinQ1t+ CcosOlt+ D

(e) T(t)= Ae%'+ Be %+ CsinQlt+ D cosOlt + E
(f) None of the above.
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76. Which of the following is not a solution toyYt) = 5y + 3t?
(@) y=8¢€"
() y= 2t x
(c)y=8e" 3t =
(d) All are solutions.
(e) More than one of (a) - (c) are not solutions.

Linear Operators

77. Which di erential operator is the appropriate one for tre di erential equation ty %%+
¥+ ty = €?

d? d
(@) tiz 25+t

d? d
(b) tiz+25+t €
d? d
(C) get+24+t
d? d
(d) dt—2+23+1
(e) None of the above

78. LetL = tz(‘,’t—z2 +2t4 +2 be a di erential operator. Evaluate L[t°]:

@ o0

(b) 14t3

(c) 2+ 12t3

(d) 6t3+6t2+2

Integrating Factors

. . : N 1 :
79. Ify is a function oft, which of the following ist y°+ ¥y equivalent to?

(a) [ty]°

1
(b) Ty
(c) ty°

0
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(e) None of the above

80. Which of the following is an integrating factor fory®+ 3ty = sint?
(a) e’
(b) €
(C) esint
(d) e cost
(e) e¥
(f) All of the above

81. Which of the following is an integrating factor fory°+ 2y = 3t?
(@) et
(b) €**5
(c) ee*
(d) 7e*
(e) All of the above
(f) None of the above

82. Which of the following is an integrating factor for $°+ 6ty = 8t?
(a) e’
(b) €
(c) €°
(d) All of the above
(e) None of the above
(f) This problem cannot be solved with integrating factors.

83. Can integrating factors be used to solw’+ 2ty = 1?
2 R 2
(@) Yes. The solutionisy = e ¥ ¢"dt:

R
(b) No - we cannot evaluate edt:
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84. The di erential equation y°+ 2y = 3t is solved using integrating factors. The solution
isy =3t 2+ Ce?. Which of the following statements describes the long-term
behaviorast!1 ?

(a) The solutions will approach zero, because ! Oast!1
(b) The solutions will grow without bound because}t 1 ast!l

(c) The long-term behavior depends on the inital conditionwe need to know the
value of C before we can answer this.

85. Which of the following ise®(y°+ 2y) equivalent to?

(@) [ey]°
(b) [e*y]°
(c) ey’
(d) e'y°
(e) None of the above

Exponential Solutions, Growth and Decay

86. A star's brightness is decreasing at a rate equal to 10% itd current brightness per
million years. If Bg is a constant with units of brightness and is in millions of years,
what function could describe the brightness of the star?

(@ BYt) = 0:1B(t)
(b) B(t) = Bo€

(c) B(t) = Bge Ot
(d) B(t) = Boe™™
(e) B(t) = Boe”™
(f) B(t)= 0:1Bct

87. A small company grows at a rate proportional to its sizepsthat c{t) = kc(t). We set
t =0 in 1990 when there were 50 employees. In 2005 there were 2B{ployees. What
equation must we solve in order to nd the growth constank?

(a) 50e2%%% = 250
(b) 50e! = 250
(c) 250t =50
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(d) 50e* =250
(e) Not enough information is given.

88. What di erential equation is solved by the functionf (x) = 0:4e*?

(@) & =0:4f

(b) & =2f

) £ =2f +0:4

(d) & =0:4f +2

(e) None of the above.

89. Each of the graphs below show solutions gf = k;y for a dierent k;. Rank these

constants from smallest to largest.

(@)

(@) kp<kg<ka<kg
(b) ko <kc<kp<ka
(c) ke <ka<kg<kyp
(d) ka<kp<kc<kyg

90. The functionf (y) solves the di erential equationf =

0. This means that:

(b)

5
0
o 1 2 3 4 5
X
(d)
5
-
0_ 4
——
S0 1 2 3 4 5

0:1f and we know thatf (0) >

(a) Wheny increases by 1f decreases by exactly 10%.

(b) When y increases by 1f decreases by a little more than 10%.
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(c) Wheny increases by 1f decreases by a little less than 10%.
(d) Not enough information is given.

91. The functiong(z) solves the di erential equationg—’;J = 0:03g. This means that:

() gis an increasing function that changes by 3% every tineincreases by 1.

(b) gis an increasing function that changes by more than 3% everirte z increases
by 1.

(c) gis an increasing function that changes by less than 3% evemne z increases
by 1.

(d) g is a decreasing function that changes by more than 3% everyng z increases
by 1.

(e) gis a decreasing function that changes by less than 3% evemné z increases by
1.

(f) Not enough information is given.

92. 40 grams of a radioactive element with a half-life of 35 yare put into storage. We

93.

solvey®=  ky with k = 0:0198 to nd a function that describes how the amount of
this element will decrease over time. Another facility stose80 grams of the element
and we want to derive a similar function. When solving the dierential equation, what
value ofk should we use?

(@) k=0:0099
(b) k=0:0198
(c) k=0:0396

(d) None of the above

A star's brightness is decreasing at a rate equal to 10% it current brightness per
million years, soBYt) = 0:1B(t), wheret is measured in millions of years. If we want
t to be measured in years, how would the di erential equationhange?

(a) BYt) = 0:1B(t)
(b) BYt)= 10°B(t)
(c) Bqt)= 10 ®B(t)
(d) BYt)= 10 "B(t)
(e) None of the above
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94. The solution to which of the following will approach 4 asx becomes very large?

@ y°= 2y,y(0)=2
(b) y°=0:1y, y(0)=1
(c) y°=6y,y(0)=0
(d) y°=3y,y(0)= 3
(e) None of the above

95. y°= 1y with y(0) = 2. As x becomes large, the solution will

(a) diverge to +1 .

(b) diverge to 1

(c) approach 0 from above.
(d) approach 0 from below.
(e) do none of the above.

96. SupposeH is the temperature of a hot object placed into a room whose tgrarature
is 70 degrees, and represents time. Suppos& is a positive number. Which of the
following di erential equations best corresponds to Newtds Law of Cooling?

(@) dH=dt= kH

(b) dH=dt= k(H 70)
(c) dH=dt= k(H 70)
(d) dH=dt= k(70 H)
(e) dH=dt= kH(H 70)

97. SupposeH is the temperature of a hot object placed into a room whose tgrarature
is 70 degrees.The functiomd giving the object's temperature as a function of time is
most likely

(&) Increasing, concave up
(b) Increasing, concave down
(c) Decreasing, concave up
(d) Decreasing, concave down

98. SupposeH is the temperature of a hot object placed into a room whose tgrarature
is 70 degrees, antl represents time. ThenmlimH should equal approximately
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(@ 1

(b) O

(c) 32

(d) 70

(e) Whatever the di erence is between the object's initial €mperature and 70

Mixing Models

99. The di erential equation for a mixing problem isx°+0:08x = 4; wherex is the amount
of dissolved substance, in pounds, and time is measured innoes. What are the
units of 4?

(a) pounds

(b) minutes

(c) pounds/minute

(d) minutes/pound

(e) None of the above

100. The di erential equation for a mixing problem isx°+0:08x = 4; wherex is the amount
of dissolved substance, in pounds, and time is measured innoes. What are the
units of 0.08?

(a) pounds

(b) minutes

(c) per pound

(d) per minute

(e) None of the above

101. The di erential equation for a mixing problem isx°+0:08x = 4; wherex is the amount
of dissolved substance, in pounds, and time is measured innoies. What is the
equilibrium value for this model?

(a) 0.08
(b) 50
(c) O
(d) 0.02
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(e) 4
(f) None of the above

102. In a mixing model wherex® has units of pounds per minute, the equilibirum value is
80. Which of the following is a correct interpretation of theequilibrium?
(@) In the long-run, there will be 80 pounds of contaminant irthe system.

(b) After 80 minutes, the mixture will stabilize.

(c) The rate in is equal to the rate out when the concentratiorof contaminant is 80
pounds per gallon.

(d) The rate in is equal to the rate out when the amount of contaminant is 80 pounds.

(e) None of the above

103. Atank initially contains 60 gallons of pure water. A saition containing 3 pounds/gallon
of salt is pumped into the tank at a rate of 2 gallons/minute. he mixture is stirred
constantly and ows out at a rate of 2 gallons per minute. I&(t) is the amount of salt
in the tank at time t; which initial value problem represents this scenario?

@ xqt)=2 2 with x(0) = 60
(b) xqt)=6 X5; with x(0) =0
(c) xqt)=3x 2 with x(0) = 60
(d) xqt)=6  &; with x(0)=0
(e) None of the above

104. The solution to a mixing problem is
x(t)= 0:01(100 t)?+ (100 t);

wherex(t) is the amount of a contaminant in a tank of water. What is the dng-term
behavior of this solution?

(&) The amount of contaminant will reach a steady-state of IDpounds.
(b) The amount of contaminant will increase forever.

(c) The amount of contaminant will approach zero.

(d) The tank will run out of water.
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105. Tank A initially contains 30 gallons of pure water, and tankB initially contains 40
gallons of pure water. A solution containing 2 pounds/galio of salt is pumped into
tank A at a rate of 1.5 gallons/minute. The mixture in tank A is stirred constantly
and ows into tank B at a rate of 1.5 gallons/minute. The mixture in tankB is also
stirred constantly, and tank B drains at a rate of 1.5 gallons/minute. IfA(t) is the
amount of salt in the tank A at time t and B(t) is the amount of salt in tank B at
time t; which initial value problem represents this scenario?

(@)

AYt) = 1:5 30 A(0)=0
BYt) = 1:5 0 B(0)=0
(b)
AYt) = 1:5 0 A()=0
BAt) = 0 20 B(0)=0
(c)
—_ A —_
AYt) = 3 30 A(0)=0
BYt) = 0 0 B(0)=0
(d)
— A —_—
Aqt) = 3 0 A0)=0
A 3B _
BYt) = 50 80 B(0)=0

(e) None of the above

106. Medication ows from the Gl tract into the bloodstream. Suppose thatA units of an
antihistamine are present in the Gl tract at time 0 and that the medication moves from
the Gl tract into the blood at a rate proportional to the amourt in the Gl tract, x.
Assume that no further medication enters the Gl tract, and thathe kidneys and liver
clear the medication from the blood at a rate proportional tadhe amount currently in
the blood, y. If k; and k, are positive constants, which initial value problem models
this scenario?
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(@)

dx

dt
dy
dt

(b)

dx

dt
dy
dt

(©)

dx

dt
dy
dt

(d)
dx
dt
dy
dt

kix  kpy x(0)= A

Koy y(0)=0

kix kay x(0)=0

Koy y(0)=0

kiX x(0)=A

kix  kay y(0)=0

kix  kyy x(0)=0

kix + Ky y(0) =0

107. Referring to the antihistamine model developed in ther@vious question, if time is
measured in hours and the quantity of antihistamine is meased in milligrams, what

are the units ofk;?

(&) hours

(b) hours per milligram
(c) milligrams per hour
(d) 1/hours

(e) milligrams

(f) None of the above

108. Referring to the antihistamine model discussed in thegvious questions, what is the

e ect of increasingk,?

(2) The blood will be cleaned faster.

(b) Antihistamine will be removed from the Gl tract at a fasterrate.
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(c) It will take longer for the antihistamine to move from the Gl tract into the blood.

(d) Antihistamine will accumulate in the blood at a faster rae and the patient will
end up with an overdose.

(e) None of the above

109. Referring to the antihistamine model discussed in theqvious questions, describe how
the amount of antihistamine in the blood changes with time.

(a) It decreases and asymptotically approaches zero.

(b) It levels o at some nonzero value.

(c) It increases inde nitely.

(d) Itincreases, reaches a peak, and then decreases, asyatipally approaching zero.

(e) None of the above

First Order Linear Models

110. Water from a thunderstorm ows into a reservoir at a rategiven by the function
g(t) = 250e % whereg is in gallons per day, andt is in days. The water in the
reservoir evaporates at a rate of 2.25% per day. What equaticould describe this

scenario?

(@ fqt)= 0:0225 +250e O
(b) fqt)= 0:0225(25@ °1)
(c) fqt) =0:9775 +250e OUt
(d) None of the above

111. The state of ripeness of a banana is described by the deetial equation Rqt) =
0:05(2 R) with R = 0 corresponding to a completely green banana and = 1 a
perfectly ripe banana. If all bananas start completely gree what value of R describes
the state of a completely black, overripe banana?

(@) R=0:05
(b) R=3
(c) R=1
(d R=2
(e) R=4
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(f) None of the above.

112. The evolution of the temperatureT of a hot cup of co ee cooling o in a room is
described by‘f,—{ = 0:.01T +0:6, whereT is in F andt is in hours. What is the
temperature of the room?

(@) 0.6

(b) -0.01

(c) 60

(d) 0.006

(e) 30

(f) none of the above

113. The evolution of the temperature of a hot cup of co ee cting o in aroom is described
by %—I = 0:.01(T 60), whereT isin Fandtisin hours. Next, we add a small heater

to the co ee which adds heat at a rate of 0.1F per hour. What happens?

(&) There is no equilibrium, so the co ee gets hotter and hotr.
(b) The co ee reaches an equilibrium temperature of 66.

(c) The co ee reaches an equilibrium temperature of 76.

(d) The equilibrium temperature becomes unstable.

(e) None of the above

114. A drug is being administered intravenously into a patig at a certain rate d and is
breaking down at a certain fractional ratek > 0. If ¢(t) represents the concentration
of the drug in the bloodstream, which di erential equation epresents this scenario?

(@ = k+d

dt

(b) = kc+d

(c) ¥=kc+d
(d) §=cd k)
(e) None of the above

115. A drug is being administered intravenously into a patie. The drug is owing into
the bloodstream at a rate of 50 mg/hr. The rate at which the drg breaks down is
proportional to the total amount of the drug, and when there $ a total of 1000 mg
of the drug in the patient, the drug breaks down at a rate of 30éng/hr. If y is the
number of milligrams of drug in the bloodstream at time, what di erential equation
would describe the evolution of the amount of the drug in the agient?
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(@) y°= 0:3y +50
(b) y°= 0:3t+50

(c) y°=0:7y +50

(d) None of the above

116. The amount of a drug in the bloodstream follows the di emtial equationc®= kc+ d,
whered is the rate it is being added intravenously and is the fractional rate at which
it breaks down. If the initial concentration is given by a valie ¢(0) > d=k, then what
will happen?

(a) This equation predicts that the concentration of the drig will be negative, which
is impossible.

(b) The concentration of the drug will decrease until theres none left.

(c) This means that the concentration of the drug will get smi¢ger, until it reaches
the levelc = d=k, where it will stay.

(d) This concentration of the drug will approach but never rach the leveld=k.

(e) Becausec(0) > d=k this means that the concentration of the drug will increase,
so the dose d should be reduced.

117. The amount of a drug in the bloodstream follows the di emtial equationc®= kc+ d,
whered is the rate it is being added intravenously and is the fractional rate at which
is breaks down. If we double the rate at which the drug ows inhow will this change
the equilibrium value?

(a) It will be double the old value.

(b) It will be greater than the old, but not quite doubled.
(c) It will be more than doubled.

(d) It will be the same.

(e) Not enough information is given.

118. If we construct an electric circuit with a battery, a resstor, and a capacitor all in
series, then the voltage is described by the equatidfy, = % + IR. Here Vya is the
voltage produced by the battery, and the constant€ and R give the capacitance and
resistance respectivelyQ(t) is the charge on the capacitor andi(t) = dd—? is the current
owing through the circuit. What is the equilibrium charge on the capacitor?

(@) Qe= VbaC
(b) Qe = Voa=R
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() Qe=0

(d) Not enough information is given.

119. If we construct an electric circuit with a battery, a restor, and a capacitor all in
series, then the voltage is described by the equatidfy, = % + IR. Here Va4 is the
voltage produced by the battery, and the constant€ and R give the capacitance and
resistance respectivelyQ(t) is the charge on the capacitor and(t) = ‘L—? is the current

owing through the circuit. Which of the following functions could describe the charge
on the capacitorQ(t)?

(@) Q(t)=5e ¢

(b) Q(t)=4e R + VpauC
(c) Q(t)=3e TR VpaC
(d) Q(t)= 6e "R + ViuC
(e) None of the above

120. If we construct an electric circuit with a battery, a reistor, and a capacitor all in
series, then the voltage is described by the equatidfy, = % + IR. Here Vya is the
voltage produced by the battery, and the constant€ and R give the capacitance and
resistance respectivelyQ(t) is the charge on the capacitor andi(t) = ‘fj—? is the current
owing through the circuit. Which of the following functions could describe the current
owing through the circuit | (t)?

(@) I(t)=5e ¥R

(b) I(t)=4e Rt + V,,,C
(€) 1(t)=3e BRC  VuC
(d) I(t)= 6e ¥RC + \,,C
(e) None of the above

Logistic Models

121. Consider the functionP = ﬁ, whereA = (L Pg)=P,. Suppose thatPy = 10,
L =50, and k = 0:05, which of the following could be a graph of this function?
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122. The following graphs all plot the functionP = m. The function plotted in which

graph has the largest value oL ?
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123. The following graphs all plot the functionP = ﬁ. The function plotted in which

graph has the largest value ok?
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124. The following graphs all plot the functionP = m. The function plotted in which

graph has the largest value oA?
(@)
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125. Consider the di erential equation‘fj—f =kP 1 % , called the logistic equation. What

are the equilibria of this system?

i. k=0 is a stable equilibrium.

ii. L =0 is an unstable equilibrium.
iii. P =L is a stable equilibrium.

iv. P =0 is an unstable equilibrium.

v. P = L is an unstable equilibrium.
vi P =0 is a stable equilibrium.

(a) i

(b) i

(c) Both iii and v
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(d) Both v and vi
(e) Both ivand v
(f) Both iii and iv

126. The population of rainbow trout in a river system is moded by the di erential equa-
tion P°=0:2P 4 10 5P2. What is the maximum number of trout that the river
system could support?

(@) 4 10 trout

(b) 4,000 trout

(c) 5,000 trout

(d) 25,000 trout

(e) Not enough information is given

127. The solution to the logistic equationd = kP 1 2 is P = L+, whereA =
(L Pg)=P,. If we are modeling a herd of elk, with an initial population 650, in a
region with a carrying capacity of 300, and knowing that the»gponential growth rate
of an elk population is 007, which function would describe our elk population as a
function of time?

@ P(t) = 5%

1+5e 0:07t

(b) P(t) = ﬁgm

(c) P(t) = @%

@ P(t) =

1+ %e 0:07t

3000dP —

128. The population of mice on a farm is modeled by the di er¢ial equation =5~
200 P. If we know that today there are 60 mice on the farm, what funadn will
describe how the mouse population will develop in the futufe

(a) P = 200

7o t=15
1+3e

(b) P = 200

1+ e 2000

— 3000
(©) P = 1ge e

(d) P = 3000

1+49e =20

(e) None of the above
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129. The function plotted below could be a solution to whichfahe following di erential
equations?

80

60

o 40

20

O 1 L L L
0 20 40 60 80 100

(@) &= 00 1 £

— PO
(b)P‘W

- 2

(c)4OP + 5= F

(@) 20%+P =5
(e) All of the above

130. The function plotted below could be a solution of whichfdhe following?

150

100

50

0 20 40 60 80 100

(@) £ =0:15P 1 &5

(b) & =0:15P 1 o

() £ =005 1

(d) & =0:05P 1 Fo

(e) None of the above

Bifurcations

131. How many equilibria does the di erential equatiory®= y? + a have?
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(a) Zero

(b) One

(c) Two

(d) Three

(e) Not enough information is given.

132. A bifurcation occurs if the number of equilibria of a system changes when aleange
the value of a parameter. For the di erential equation(‘jf—X = bf?2 2, a bifurcation
occurs at what value oft?

(@ b=0

(b) b=2

(c) b= 2

(d) b=2=f?

(e) Not enough information is given.

133. xqt) = 2x%+ bx+8. If b=5 what are the equilibria of the system?

@ x= 5
(b) x= 3;3
(c) x= 8 2

(d) No equilibria exist and all solutions are increasing.
(e) No equilibria exist and all solutions are decreasing.

134. xqt) = 2x*+ bx+8. If b= 2 what are the equilibria of the system?

(@ x= 8
(b)y x= 2 pfz
(c) x=2

(d) No equilibria exist and all solutions are increasing.
(e) No equilibria exist and all solutions are decreasing.

135. xqt) = 2x%+ bx+ 8. A bifurcation occurs where?

@x= b "F 16

(b) b=0
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(©) b= 3
(d) b=4
(e) b=8
(f) Not enough information is given.

136. fj—? = ¢+ cg. How many equilibria does this system have?

(@) Two

(b) One or two

(c) One or three

(d) Two or three

(e) Three

(f) Not enough information is given

137. A bifurcation diagram plots a system's equilibria on they axis and the value of a
parameter on thex axis. Consider the bifurcation diagram below. When our paraeter
is a=>5, what are the equilibria of the system?

8

(@ y=0andy=3

(b) y=5
(c)y=4andy=6
(d) Not enough information is given.

45



138. Consider the bifurcation diagram below. If our systemas equilibria aty =1, y =3
andy = 5 what is the value of the parametera?

(@ a= 1

(b) a=0

(c) a=1

(d) a=3

(e) a=5

(f) Not enough information is given.

139. Consider the bifurcation diagram below. At what value foa does the system have a
bifurcation?

8

a
(@ a=0
(b) a=2
(c) a=4
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(d) a=6
(e) a=8

(f) Not enough information is given.

140. Which of the following di erential equations is represnted by the bifurcation diagram

below?
5
>0 0

0 1
(@ y’=y*+a
(b) y°=ay* 1
(c) y°= ay

(d) y°= y?+ ay+2

141. The gure on the left is a bifurcation diagram, and the gire on the right plots several
solution functions of this system for one speci c value of tnparameter. The gure on
the right corresponds to what value of the parameter?

///
>wm4 /
AN
0 \\\\
(@ c=0
(b) c=2
(c) c=4
(d) c=6
(e) c=8

0 05 i 15 2
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Modeling with Systems

142. In the predator - prey population model

% = ax a_x2 bx
at N Y
% = cy+ kxy

with a>0,b>0,c>0,N > 0, andk > 0,
which variable represents the predator population?
(@) x

(b) &

€y

d &

dt

143. In which of the following predator - prey population moels does the prey have the
highest intrinsic reproduction rate?

(@)

P = 2P 3Q P
Q® = Q+1=2Q P

(b)
P’ = P(1 4Q)
Q° = Q( 2+3P)
(€)
P’ = P(3 2Q)
Q® = Q( 1+P)
(d)
P’ = 4P(1=2 Q)
Q% = Q( 15+2P)
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144. For which of the following predator - prey population madels is the predator most
successful at catching prey?

()
dx

at = 2Xx 3X Yy
dy _ _
i y+1=2x vy
(b)
dx
at X(1  4y)
dy _
a y( 2+ 3x)
(c)
dx
a X3 2y)
dy _
a - y( 1+Xx)
(d)
dx
i 4x(1=2 vy)
dy _ _
e 2y( 1=2+ x)
145. In this predator - prey population model
% = ax + bxy
dy _
e cy dxy

with a> 0,b>0,c> 0, andd > 0,

does the prey have limits to its population other than that inposed by the predator?

(a) Yes
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(b) No
(c) Can not tell

146. In this predator - prey population model

% = ax a_x2 bx
at N Y
% = cy+ kxy

with a> 0,b>0,c> 0, andk > 0,
if the prey becomes extinct, will the predator survive?

(a) Yes
(b) No
(c) Can not tell

147. In this predator - prey population model

% = ax a_X2 bx
dt N y
dy

- = +

ai cy + kxy

with a>0,b>0,c>0,N > 0, andk > 0,
are there any limits on the prey's population other than the pedator?

(@) Yes
(b) No
(c) Can not tell

148. On Komodo Island we have three species: Komodo dragoks),(deer (D), and a
variety of plant (P). The dragons eat the deer and the deer eat the plant. Which of
the following systems of di erential equations could repient this scenario?

(@)

K® = aK bKD
D° = cD+dKD eDP
P° = fP +gDP
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(b)

aK + bKD
D° = c¢D dKD + eDP
P = fP gDP

A
o
1

(c)
K° = aK bKD + KP
D® = cD+ dKD eDP
P° = fP +gDP hKP
(d)
K® = aK+bKD KP
D® = «c¢D dKD + eDP
P = fP gDP + hKP

149. In the two species population model

R = 2R DbFR
F° = F+2FR

for what value of the parameterb will the system have a stable equilibrium?

(@ b<oO
(b) b=0
(c) b>0
(d) For no value ofb

150. Two forces are ghting one anotherx andy are the number of soldiers in each force.
Let a and b be the o ensive ghting capacities ofx andy, respectively. Assume that
forces are lost only to combat, and no reinforcements are lmght in. What system
represents this scenario?

(@)

dt y
dy _
a—bx
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151.

152.

(b)

FAY

%:ax
(©)

dx

a - Y@

%sz
(d)

PR

%zxa

Two forcesx andy, are ghting one another. Letaandbbe the ghting e ciences of x
andy, respectively. Assume that forces are lost only to combat, dmo reinforcements
are brought in. How does the size of thg army change with respect to the size of the

X army?

(a) 3—Z=2—§
(b) 3—§=§
) g=1
d £= by ax

Two forces,x and y, are ghting one another. Assume that forces are lost only to
combat, and no reinforcements are brought in. Based on the @ée plane below, if
x(0) =10 and y(0) = 7, who wins?
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(a) x wins
(b) y wins

(c) They tie.
(d) Neither wins - both armies grow, and the battles escalat®fever.

153. Two forces,x and y, are ghting one another. Assume that forces are lost only to
combat, and no reinforcements are brought in. Based on the a¢e plane below, which

force has a greater o ensive ghting e ciency?
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(a) x has the greater ghting e ciency.
(b) y has the greater ghting e ciency.
(c) They have the same ghting e ciencies.

154. Two forces,x and y, are ghting one another. Assume that forces are lost only to
combat, and no reinforcements are brought in. You are the-force, and you want to
improve your chance of winning. Assuming that it would be posse, would you rather
double your ghting e ciency or double your number of soldigs?

(a) Double the ghting e ciency
(b) Double the number of soldiers

(c) These would both have the same e ect

Phase Portraits and Vector Fields of Systems

155. If we were graphing a vector eld in the phase plane of thknear systemY©° =
24 i Y, what slope would we graph whery; =1 and y, = 2?
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(@) 0

(b) 1 (vertical)

(€1

(d) None of the above

156. Which linear system matches the direction eld below?

(@)

x0 =y
yo = 2y x
(b)
0 — X 2y
Y
(c)
0 - X2 1
0=y
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(d)

X = x+2y

I
<

157. Suppose you have the direction eld below. At timé = 2, you know thatx = 2
andy = :25. What do you predict is the value ofy whent = 0?

@y 1
b))y 1
0y 0

(d) We cannot tell from the information given.

158. Suppose you have the direction eld below. We know thattdime t = 0, we have
x = 2andy = :25. The pair (x(t);y(t)) is a solution that satis es the initial
conditions. Wheny(t) = 0, about what should x(t) be equal to?
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(@) x 2

(b) x 1
c)x O
(d x 1

(e) We cannot tell from the information given.

159. Which of the following solution curves in the phase planmight correspond to the
solution functions x(t) and y(t) graphed below.
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() (b)

() (d)

Chapter 3: Linear Algebra

Matrix Operations

160. What size is this matrix?

6 11 2
23 31 5
(@) 2x3
(b) 3x2
(c) 6
_ 4 6 25
161. LetA = 20 24 and B = 3 7

Whatis A+ B?
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(@ 71

(b)
6 9
7 11
(c)
6 11
23 31
(d)
26 62
112 268
(e)
4 6 2
20 24 3
3
2 3 1
162. IfA=4 0 1 35 whatisAT?
2 0 4
2 3
2 3 1
@ AT=4 0 1 35
2 0 4
2 3
2 0 2
(b) AT=43 1 05
1 3 4
2 3
2 0 4
(co AT=4 0 1 35
2 3 1
2 3
1 3 4
(d AT=43 1 05
2 0 2
4 6 .
= ?
163. IfA 20 7 what is 5A~
_ 9 6
(@ 5A=" 54 7
9 11
(B) SA=" 95 12
_ 20 6
(c) 5A = 20 7
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20 30

@ 5A=" 100 35

164. If A is a matrix and c a scalar such thatcA = 0 (here O represents a matrix with all

entries equal to zero), then

(@) A is the identity matrix.

(b) A=0

(c) c=0

(d) Both A=0andc=0

(e) Either A=0orc=0

(f) We can't deduce anything.

165. IfA = g % and B = 41 then calculate the productAB .

_ 5

(a) AB = 5

(b) AB= 10 7
_ 8 4

(c) AB = 3 9
T

(d) AB = 10

(e) None of the above.
(f) This matrix multiplication is impossible.

2 0 0 1
166. Calculate 31 5 o
3 1
(@) 5
0o 2
(b) 5 5
0O O
© 62

(d) None of the above.
(e) This matrix multiplication is impossible.
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167. Calculate

[EEN
N
= O

2 2 3
3 1

@ 5 5
0 2

© 5 g
0 0

© & 2

(d) None of the above.
(e) This matrix multiplication is impossible.

168. True or False If A and B are square matrices with the same dimensions, the’ ¢+
B) (A+B)= A%2+2AB + B2
() True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

169. If A and B are both 2x3 matrices, then which of the following is not de ad?

(@ A+B

(b) ATB

(c) BA

(d) ABT

(e) More than one of the above
(f) All of these are de ned.

170. If A is a 2x3 matrix andB is a 3x6 matrix, what size iSAB ?
(a) 2x6
(b) 6x2
(c) 3x3
(d) 2x3
(e) 3x6

(f) This matrix multiplication is impossible.
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171. In order to compute the matrix productAB, what must be true about the sizes oA
and B?
(a) A and B must have the same number of rows.
(b) A and B must have the same number of columns.
(c) A must have as many rows aB has columns.
(d) A must have as many columns aB has rows.

3 2 3
2 3 1 30 2
172. fA=4 0 1 35andB =41 2 15 whatis the (3,2)-entry of AB? (You
2 0 4 31 0
should be able to determine this without computing the ente matrix product.)
(@)1
(b) 3
(c) 4
(d) 8

173. You have a business that sells tables and chairs. You habvrown tables and white
tables, and corresponding chairs. Your May sales are 4 brotables, 6 white tables, 20
4 6

20 24
where the rst row is tables, the second row is chairs, the tscolumn is brown items,

and the second column is white items. If your October saleseab0% more than your
May sales, which of the following would represent your Octel sales?

brown chairs, and 24 white chairs, which is represented bydgimatrix M =

(@ M +50
(b) 0:5M
(c) 1:5M
(d) M

174. You have a business that sells tables and chairs. You babrown tables and white
tables, and corresponding chairs. Your May sales are 4 brovables, 6 white tables, 20

4 6

20 24

where the rst row is tables, the second row is chairs, the itscolumn is brown items,

and the second column is white items. Your June sales are givby the analogous

matrix J, whereJ = 262 ??2 : Which of the following matrix operations would

brown chairs, and 24 white chairs, which is represented bydmatrix M =

make sense in this scenario? Be prepared to explain what tresult tells you.
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@M+

by M J

(c) 1:2]

(d) MJ

(e) All of the above make sense.

(f) More than one, but not all, of the above make sense.

175. You have a business that sells tables and chairs. You kasrown tables and white
tables, and corresponding chairs. Your May sales are 4 brotables, 6 white tables, 20
4 6
20 24
where the rst row is tables, the second row is chairs, the itscolumn is brown items,
and the second column is white items. All tables cost $350 andl ahairs cost $125,
350
125
operations could be useful in this scenario? Be prepared tgpé&ain what the result
tells you.

brown chairs, and 24 white chairs, which is represented byahmatrix M =

which we represent with the cost vectoC = : Which of the following matrix

(@) MC
(b) CM
(c) C™™M
(d) mMmCT

176. True or False Given the vectorsx and y plotted below and some matrixA, if we
know that Ax = 0, this means that Ay = 0 as well.
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177.

178.

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

Given the vectors, y, u, v, and w plotted below and some matrixA, if we know that
Ax = u, what does this tell us about the productAy?

(&) Ay = u
(b) Ay = v
(c) Ay = w

(d) We cannot say anything aboutAy without knowing more aboutA.

LetA, B, C be 3 matrices such that the productABC is de ned. What is (ABC)T?

(2) (ABC)T = ATBTCT
(b) (ABC)T = BTCTAT
(c) (ABC)T = CTATBT
(d) (ABC)T = CTBTAT

Dot Products

2 3 2 3
0 4

179. What is the dot product of4 1 5 and4 2 5?

1 3
203
(a)425
3

(b) 5
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(c) 0
(d) The dot product cannot be computed for these vectors.

2 3 2 3
0 4
180. What is the dot product of4 1 5 and4 05?

2 0

2 3
4

(a)4 1 5
2

(b) -4
(c) 0
(d) The dot product cannot be computed for these vectors.

181. The magnitude of a vectowr is de ned to be its dot product with itself v v. What is
the magnitude of the vector (2 1; 1)?

(@) 0
(b) 2
(c) 4
(d) 6

182. It is possible for a vector to have a negative magnitude?

(a) Yes
(b) No
(c) Not enough information is given

183. What can we say about two vectors whose dot product is raye?

(a) The vectors are orthogonal.
(b) The angle between the two vectors is less than 90
(c) The angle between the two vectors is greater than 90
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184. Rank the dot productsu v,u tandu w.

(@ uv>u w>u t
(b) u v>u t>u w
(c)u w>u t>u v

(duw>u v>u t

185. True or False If x andy aren 1 vectors, thenx'y = yTx:

() True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

186. True or False If x andy aren 1 vectors, thenxy' is ann

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

187. True or False If x andy aren 1 vectors, thenxy™ = yx'.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent
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188. True or False If x andy aren 1 nonzero vectors, therxy™ isann n matrix with
rank 1.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

189. If A and B are matrices which can be multiplied, then thei(j )-entry of AB is

h i h [
(@) the ith row of A the ] th column of B
h i h [

(b) the ith column of A thejth row of B

(c) None of the above

190. When we are in the vector space of real valued functionis,is often useful to have
the equivalent of a dot product, which we call an gnner produc We de ne the inner
product of two functionsf (x) and g(x) as If; gi abf (x)g(x)dx. Consider the func-
tions f (x) = sin2 x on the interval (a;b = (0;1). What is the inner product of this
function with itself Hf;f i?

(@) O
(b) 3
()1
(d) 2

(e) This is not a meaningful statement.

R
191. hsin(2 x ); sin(4 x )i 01 sin(2x )sin(4 x )dx = 0. What does this mean?

(&) These are parallel functions.
(b) These are orthogonal functions.
(c) These are acute functions.

(d) These are obtuse functions.
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Orthogonal Sets

192. Which of the following sets of vectors isot an orthogonal set?

(@ (1;L11):(1,0; 1)

(b) (2;3);( 64)

(©) (3:0;0;2);(0;1;0;1)

(d) (0;20);( 1;0;3)

(e) (cos; sin );(sin; cos)

193. Which of the following sets of vectors isot an orthogonal set?

(@ u;w

(b) x;v

(©) v;y

(d) u;w;y

(e) More than one of the above
(f) None of the above

194. Let A be a square matrix whose columns are mutually orthogonal, meero vectors.
Which of the following are true?

(a) The dot product of any two di erent column vectors is zero
(b) The set of column vectors is linearly independent.

(c) det(A) 6 0:

(d) For any b, there is a unigue solution toAx = b:

(e) All of the above.
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195. True or False If two vectors are linearly independent, they must be orthamnal.

() True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

196. True or False Any orthogonal set of nonzero vectors that spans a vector sgamust
be a basis for that space.
(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and I am very con dent

197. LetA be any matrix. Which of the following are true?

(a) The row space ofA and the nullspace ofA are orthogonal to each other.
(b) The column space ofA and the row space ofA are orthogonal to each other.

(c) The column space oA and the nullspace ofA are orthogonal to each other.
(d) Exactly two of (a), (b), and (c) are true.
(e) All of (a), (b), and (c) are true.

2 3
198. LetA = 4 S

coor
BN O
BN R

: Which of the following vectors is orthogonal to the row space

of A?

@ L1 1)

(b) (1,4,2)

(©) (0,0,5)

@ ( 1,01)

2 3

199. LetA = 4 S : Which of the following vectors is orthogonal to the column

oor
BN O
BN R

space ofA?
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(@ L1 1)
(b) (1,4, 2)
€ (0;1 2)
(d) (2;0,2)

2 3
200. LetA =4 3 : Which of the following vectors is orthogonal to the nullspae of

oor
BN O
BN

A?

(@ L1 1)
(b) (1,4, 2)
© (0;1 2)
(d) (2;0;2)

201. Which of the following sets of vectors is an orthonormakt?

(@) (1;1,1);(3;0; 1)

(b) (2;3);( 6;4)

(c) (0;2;0);( 1,0;3)

(d) (cos ; sin );(sin; cos)

202. Let A be a matrix whose columns are mutually orthogonal. Which ofhe following
must be true? Try several examples of matrices with mutuallprthogonal columns to
build your intuition, then try to provide a proof.

(@) A is symmetric.

(b) A 1= AT:

(c) ATA is diagonal.

(d) det(A) 6 0:

(e) All of the above must be true.

(f) More than one, but not all, of the above must be true.

203. LetM be any matrix. True or False The columns ofM are orthonormal if and only
if MTM is an identity matrix.

(@) True, and | am very con dent
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(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and | am very con dent

204. LetQ be a square matrix with orthonormal columnsTrue or False Q = QT:

(a) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

205. True or False Any set of nonzero orthogonal vectors must also be linearlydependent.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

206. True or False The only orthonormal basis for<? is (1) ;

[ —

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and I am very con dent

Systems of Equations

207. What is the solution to the following system of equatis?

X+y
X y =7

I
w

(@ x=4andy= 5
(b) x=4andy=5
(c) x=2andy= 1
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(d x=2andy=1=2
(e) There are an in nite number of solutions to this system.
(f) There are no solutions to this system.

208. Which of the following systems of equations could be regented in the graph below?

(@ x+3y= 6,x+2y=3
(b) x y= 5 X+y=4
(c) 8x+4y=12,2x+4y= 8
(d x+3y=9,2x y=4

209. What is the solution to the following system of equatis?

2x+y = 3
IX+2y = 6

(@ x=0andy=0

(b) x=2andy= 1

(c) x=0andy=1

(d x=0andy=3

(e) There are an in nite number of solutions to this system.

(f) There are no solutions to this system.

210. Which of the graphs below could represent the followirigpnear system?

X y = 2
Ox + 3y

6
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211. Which of the following systems of equations could be regented in the graph below?

(@ x+3y=6,2x+6y= 6
(b) x+3y=6,2x+6y=12
(c) x+3y=6,2x+6y=12
(d x+3y=6,x+3y= 3

212. What is the solution to the following system of equatis?
X+2y = 4

1 8y = 10
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(@ x= 4=B3andy=0

(b) x=1=2andy= 1=2

(c) x=0andy=2

(d) x=1=83andy =5=2

(e) There are an in nite number of solutions to this system.
(f) There are no solutions to this system.

213. We have a system of three linear equations with two unkwas, as plotted in the graph
below. How many solutions does this system have?

(CYRY
(b) 1
(c) 2
(d) 3
(e) Innite

214. A system of linear equations couldot have exactly _______ solutions.

(@) O

(b) 1

(c) 2

(d) in nite

(e) All of these are possible numbers of solutions to a systerhlinear equations.
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215. The system

X+y = 2
2X + 2y

I
I

has an in nite number of solutions. Which of the following dscribes the set of solutions
to this system?

(@ x=landy=1

(b) x=2 tandy='t

(c) x andy could each be anything.
(d) None of the above

216. Which of the following options describes the set of stihns to the system below?

x+y =1
x y =20
2x+y = 3

(@ x=1 tandy=t
(b) x=1andy=1

(c) No solution exists
(d) None of the above

217. Which of the following options describes the set of stihns to the system below?

X+y = 2
y = 2
X 2y = 4

(@ x=tandy=2 t
(b) x=0andy=2
(c) no solution exists
(d) None of the above

218.x =3 2t andy = t represent the set of solutions to a system of equations. Whiate
in <2 does this set of solutions represent?

(@ x+2y=3
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(b) x 2y=3
(c) x+y=3 t
(d) It is impossible to answer this question with the inform&on given.

219. The set of solutions to a system of linear equations isofied below. Which of the
following parameterizations represents this solution set

(@ x=2tandy=4t+1
(b) x=1t Zandy=t
(c) x=t landy=2t 1
(d x=tandy=2t+1
(e) All of the above

220. A certain mini-golf course does not list their prices. paid $26.25 for 3 children and 4
adults. The group in front of me had paid $25.50 for 6 childreand 2 adults. Which
system of equations would allow us to determine the pricesrfchildren and adults?

(@)

3X+6y = 26:25
Ak +2y = 25:50
(b)
X+4y = 26:25
6x +2y = 25:50
(€)
2625« +25:50y = 51:75
x+6y = 15
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(d)

I
o

(26:25=3)x + (26:254)y
(25:50=6)x + (25:50=6)y

I
o

221. A system of 3 linear equations with 3 variables could nbgave exactly
solutions.

(@) O

(b) 1

(c) 2

(d) 3

(e) More than one of (a)-(d) are impossible.

(f) All of (a)-(d) are possible numbers of solutions.

222. A linear equation with two variables can be geometridgirepresented as a line i< 2.
How can we best represent a linear equation with three variad?

(@) As a line in <?

(b) As aline in <3

(c) As a plane in<?
(d) As a volume in<?3

223. We nd that a system of three linear equations in three vébles has an in nite number
of solutions. How could this happen?

(&) We have three equations for the same plane.

(b) At least two of the equations must represent the same plan
(c) The three planes intersect along a line.

(d) The planes represented are parallel.

(e) More than one of the above are possible.

224. We consider a system of three linear equations in threarmbles, and visualize the
graph of each equation as a plane 3. Suppose no solutions exist to this system.
This means that

(a) all three planes must be parallel.
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(b) at least two of the planes must be parallel.

(c) at least two of the equations represent the same plane.
(d) none of these planes ever intersects with another.

(e) None of the above

225. We have a system of four linear equations in four varia@s. We can think about the
graph of each equation as a 3-dimensional volume %f. Which of the following could
geometrically represent the solutions to this system?

(a) A pointin <4

(b) Alinein <4

(c) A plane in <4

(d) A three dimensional volume in<*
(e) All of the above

(f) None of the above

226. How can we geometrically represent the parametric eqiatsx = 2t,y= t+1, and
z=1t?
(@) Aline in <?
(b) Alinein <3
(c) A plane in <3
(d) A volume in <3

227. A system of 5 linear equations and 7 variables could noave exactly
solutions.

(@) 0

(b) 1

(c) innite

(d) More than one of these is impossible.

(e) All of these are possible numbers of solutions.

228. A system of 8 linear equations and 6 variables could noave exactly
solutions.

(@) 0
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(b) 1

(c) in nite

(d) More than one of these is impossible.

(e) All of these are possible numbers of solutions.

229. Howard's store sells three blends of our: standard, ext wheat, and extra soy. Each
is a blend of whole wheat our and soy our, and the table belowshows how many
pounds of each type of our is needed to make one pound of eaderd.

whole wheat our | soy our
0.5 0.5 Standard Blend
0.8 0.2 Extra Wheat
0.3 0.7 Extra Soy

A customer comes in who wants one pound of a blend that is 60% &ét and 40% soy.
Which system of equations below would allow us to solve foregramount of each blend
needed to ful ll this special request?

(@)

0:5x1+0:5x, = 1
08x;+0:2x, = 1
03x;+0:7x, = 1
(b)
0:5x1+0:5x, = 0:6
0:8x1+0:2x, = 04
0:3x, +0:7x, = O
()
0:5x; +0:8x, +0:3x; = 1
0:5x1+0:2x,+0:7x3 = 1
(d)
0:5x1+0:8x,+0:3x3 = 0:6
0:5x; +0:2x, +0:7x3 = 0:4

230. In the previous question you set up a system of equatioss that you could nd the
amount of each blend needed to make a new mixture. How many dmas must this
system have? (You do not need to solve the system.)
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(@) O
(b) 1
(c) 2
(d) 3
(e) Innite

231. The previous two questions dealt with the system

0:5x; + 0:8%, + 0:3X3 0:6
05, +0:2x, +0:7x3 = 0:4

In the context given, what quantity or unit does 0.6 represdf
(&) pounds

(b) %

(c) pounds’

(d) pounds per %
(e) 0.6 does not have units

Matrix Representations of Systems of Equations

232. You have a business that sells tables and chairs. You habrown tables and white

tables, and corresponding chairs. Your current inventorysi4 brown tables, 6 white
tables, 20 brown chairs, and 24 white chairs. Which matrix wdd best represent this

information?

(@)

(b)

()
6 4
20 24

(d) They all represent the information equally well.
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233. Which augmented matrix represents the following systeof equations?

X+2y = 3
4y +5x = 6

(@)

~ O
o N
o W

(b)

=
N
w

(©)

=
N
w

(d)

(62 @]
AN
(2] ]

234. The rows of which augmented matrix represent equatiopsotted below?

(@)

1 0 3
3 34
(b)
22 3
01 4
(©)
1 2 4
3 2 2
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(d)

X = 6
= 3

(a)
1 6
1 3

(b)
1109

(c)
1 0 6
01 3

236. The rows of which augmented matrix represent the equaitis plotted below?

(@)

3 24
6 4 8

(b)
3 2 2
3 2 4

()
3 2 2
3 2 2
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(d)

237. What is the solution to the system of equations repreded with this augmented
matrix?

@ x=2;y=3;z=4

(b)) x= Ly=1;z=1

(c) There are an in nite number of solutions.

(d) There is no solution.

(e) We can't tell without having the system of equations.

238. What is the solution to the system of equations repreded with this augmented

matrix? 3
1 00 2
40 10 35
0 00 4
(@ x=2;y=3;z=4
(b) x= Ly=1;z=1

(c) There are an in nite number of solutions.
(d) There is no solution.
(e) We can't tell without having the system of equations.

239. Suppose we want to graph the equations represented by trows of the augmented
matrix below. What will they look like?

2
4

O Ok
ol o]
oNoNe
A OWDN
o1 w

(a) These equations represent two lines that intersect at =2 and y = 3.
(b) These equations represent three parallel planes.

(c) These equations represent three planes that are not pded, but which do not
share a common point of intersection.

(d) These equations cannot be represented geometrically.
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240. What is the solution to the system of equations repreged with this augmented
matrix?
1
401 2
000
(@ x=2;y=3;z=4
(b)) x= L,y=1;z=1
(c) There are an in nite number of solutions.
(d) There is no solution.
(e) We can't tell without having the system of equations.

241. Suppose we want to graph the equations represented by trows of the augmented
matrix below. What will they look like?

2
4

O O
OO
oON W
O wnmN
g w

(a) These equations represent two equations for the same péa

(b) These equations represent three equations for the samiane.

(c) These equations represent two planes that have a line obipts in common.
(d) The intersection of these linear equations is represamt by a plane in<3.
(e) These equations cannot be represented geometrically.

Gaussian Elimination

242. Which of the following operations on an augmented matricould change the solution
set of a system?

(@) Interchanging two rows

(b) Multiplying one row by any constant

(c) Adding one row to an other

(d) Adding a multiple of one row to an other
(e) None of the above

(f) More than one of the above (which ones?)
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243. Which of the following matrices is NOT row equivalent totie one below? In other
words, which matrix could you NOT get from the matrix below though elementary
row operations? 2 3

4 5

R ON
N R
O ww
A D

(@)

N
N N
NN
w wo
[EEY

w

(b) 2 3

= N
w =
W ww
oo

(€)

g W

I
N
o

o ww

O

(d) More than one of the above
(e) All are possible through elementary row operations.

244. Which of the following matrices is row equivalent to th@ne below? In other words,
which matrix could you get from the matrix below through elerentary row operations?

2 3
1 00

40 1 0°
001

(@)

(6)
~

2
4

~AONDN
(ool o
= W
ol

(b)

AN
wnNw
w ok
w

ol

(©)

MNON
N W
O R -
N O W
g w
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(d) More than one of the above

(e) All are possible through elementary row operations.

245. Which of the following matrices is NOT row equivalent totie one below? In other
words, which matrix could you NOT get from the matrix below though elementary

row operations? 2 3
6 0 47
42 0 1 95
50 365
(@) 2 3
12 0 8 14
42 01 95
1 01 2
(b) 2 3
12 0 8 14
40 01 205
2 13 0
() 2 3
6 0 4 7
42 01 9°
7 0 4 14

(d) All are possible through elementary row operations.

246. A linear system of equations is plotted below. We creatn augmented matrix to
represent this linear system, then perform a series of elemery row operations. Which
of the following graphs could represent the result of thesew operations?
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247. We have a system of two linear equations and two unknowngich we solve by per-
forming Gaussian elimination on an augmented matrix. Alonghie way we create the
graphs below, showing geometrical representations of thetial system, the system at
an intermediate step in the row reduction process, and the stgm after it has been
put into reduced row echelon form. Put these graphs in ordestarting with the initial
system and ending with the system in reduced row echelon form
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248.

249.

250.

(@) Graph 2, Graph 3, Graph 1
(b) Graph 1, Graph 3, Graph 2
(c) Graph 1, Graph 2, Graph 3
(d) Graph 2, Graph 1, Graph 3
(e) Graph 3, Graph 2, Graph 1

What is the value ofa so that the linear system represented by the following maii
would have in nitely many solutions?

2 6 8
1 a4
(@ a=0

(b) a=2

(c) a=3

(d) a=4

(e) This is not possible.

(f) More than one of the above

We start with a system of two linear equations in two vaaibles and we translate this
system into an augmented matrixM . After performing Gaussian elimination, putting
this matrix into reduced row echelon form, we get the matriXR which tells us that
this system has no solution. How could we geometrically reent the linear equations
contained in the rows of the augmented matribR?

(&) We can represent the equations dR as two parallel lines.

(b) We can represent the equations dR as two lines that may not be parallel.
(c) We can represent the equations dR as a single line.

(d) The equations ofR cannot be represented geometrically.

We start with a system of three linear equations in threeariables and we translate
this system into an augmented matrixM . After performing Gaussian elimination,
putting this matrix into reduced row echelon form, we get thenatrix R which tells us
that this system has no solution. How could we best geometrigarepresent the linear
equations contained in the rows of the augmented matriil ?

(a) We can represent the equations d¥1 as three parallel lines.
(b) We can represent the equations dfl as three parallel planes.
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(c) We can represent the equations d¥l as three planes, where at least two must be
parallel.

(d) We can represent the equations o as three planes, where none of the planes
ever intersects with another.

(e) We can represent the equations d¥1 as three planes, which do not share any
points in common.

(f) The equations ofM cannot be represented geometrically.

251. Howard's store sells three blends of our: standard, ext wheat, and extra soy. Each
is a blend of whole wheat our and soy our, and the table belowshows how many
pounds of each type of our is heeded to make one pound of eaderid.

whole wheat our | soy our
0.5 0.5 Standard Blend
0.8 0.2 Extra Wheat
0.3 0.7 Extra Soy

A customer comes in who wants one pound of a blend that is 60% et and 40% soy.
We can solve the following system of equations to determinke amount of Standard
Blend (x;), Extra Wheat Blend (x;), and Extra Soy Blend (x3) needed to create this
special mixture.

0:5x; + 0:8x, + 0:3%x3
0:5x, +0:2x, + 0:7X3

0:6
0:4

If we form an augmented matrix for this system, the reduced vwo echelon form is
R = 1 0 53 23

- 01 23 13
If the store is out of Extra Soy Blend, how much of each of the bér blends is needed?

(a) 2/3 pound of Standard Blend and 1/3 pound of Extra Wheat Bénd
(b) 5/3 pound of Standard Blend and 2/3 pound of Extra Wheat Bend

(c) There are an in nite number of options for the amounts of &andard and Extra
Wheat Blend.

(d) It is not possible to create this mixture without Extra Soy Blend.

252. Referring to the previous question, if the store is ouff &xtra Wheat Blend (x,), how
much of each of the other blends is needed to make the speciakture?

(a) 2/3 pound of Standard Blend and 1/3 pound of Extra Soy Bled
(b) 1/6 pound of Standard Blend and 1/2 pound of Extra Soy Bled
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253.

254.

255.

(c) There are an in nite number of options for the amounts of &ndard Blend and
Extra Wheat Blend.

(d) Itis not possible to create this mixture without Extra Wheat Blend.

Referring to the previous two questions, what valuesearealistic forxs in this context?

(a) x3 can be any value.

(b) x3 O

(c) % X3 %
d 3 xs 2
(e) 0 Xxs %

LetR be the reduced row echelon form of @ n matrix A. Then

(@) R is the identity.

(b) R has at least one row of zeros.

(c) None of the above.

(d) All of the above are possible but there exist also other psibilities.
(e) The two possibilities above are the only ones.

(f) We can't tell without having the matrix A.

Solution Sets of Linear Systems

Which of the following are solutions to the system of egtions?

X+y+2z = 0
X+2y 6z = 0
2 3 2 3
X 2
Z 1
2 3 2 3
X 2
(b)4y5=4 25
z 1
2 3 2 3
X 6
Z 3
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2 3 243

X

(d 4y>5=4 45
z 2

(e) None of the above.
(f) More than one of the above.

256. What is the solution to the following system of equatis?

X+2y+z = 0
x+3y 2z = 0
2 3 2 3
X 7
(a)4y5:4355
z 1
2 3 2 3
X 7
(by4y5=4 355
z 1
2 3 2 3
X 7
(c)4dyd=4 35
z 0
2 3 2 3
X 7
(d 4yd5=4 35
z 0

(e) None of the above.
(f) More than one of the above.

257. What is the solution to the following system of equati®?

I
w

X+2y+ 2z
X+3y 2z

I
N

2 3 2_3 2 3
X 7 1
(a)4y5:435+415s
Z 0 1
2 3 2 3 2 3
1 7
by 4yd5=4 15+4 3 55

N < X

0 1
2 3 2 3 2 3

1 7
0 1

N < X
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(d) None of the above.
(e) More than one of the above.

258. What is the solution to the following system of equatis?

X+2y+ 2z 2
Xx+3y 2z =1

2 3 2 3 2 _3
8 7

X
(@ 4yd5=4 35+4 3 55
Z 0 1
2 3 2 3 2 3
X 8 7
(b)4y5=4 35+4 3 5g
z 0 1
2 3 2 3 2 3
X 8 7
(c04yd5=4 35+4 355
Z 0 1

(d) None of the above.
(e) More than one of the above.

259. The set of solutions to a system of linear equations isotied below. Which of the
following expressions represents this solution set?

@) x _ 0 4 1 S
y 1 1=2
X _ 0 1=2

(b) y 1Y o S
x _ 1 1=2

(C) y - O + 2 S
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x _ 0 1
@ , = 5+ s
(e) None of the above.

(f) More than one of the above.

260. The set of solutions to a linear system are representeygl the expression below. How
can we geometrically regresent this solution set?
2 3 72 3 2 2 3

X
4y5=-=405+4 1 55+405¢

z 0 0 1

(@) As aline in<?2

(b) As aline in <3

(c) As a plane in<3
(d) As a volume in<?3
(e) None of the above

3

2
1
261. LetR = 4 19: If R is the reduced row echelon form of the augmented

= OO

O o
ol —Ne
N

matrix for the system Ax = b;what are the solutions to that system?

(@) xy=1;x,=1; andxz=2

(b) X1 =1;x,=1;x3=2; andx, =0

(€) Xy = txo= txzg= 2t andxgs=t

(d) There are no solutions to this system.
2 3

1 001
262. LetR=4 0 1 0 15:If Risthe reduced row echelon form of the coe cient matrix
0012
for the systemAx = 0; what are the solutions to that system?

(@ x1=1;x,=1; andxz =2

(b) X1 =1;X,=1;x3=2; andx, =0

() x1= tXxp= txzg= 2 andxgs=1
(d) There are no solutions to this system.

263. Let matrix R be the reduced row echelon form of matriA. True or False The
solutions to Rx = 0 are the same as the solutions té\x = 0:
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(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and I am very con dent

264. Let matrix R be the reduced row echelon form of matriA. True or False The
solutions to Rx = b are the same as the solutions t&x = b:

(&) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

265. Consider a homogeneous linear system withunknowns. Suppose the reduced row
echelon form of its augmented matrix has n nonzero rows. We can conclude that:

(b) The system hasn r free variables (parameters).
(c) The system has in nitely many solutions.

(d) None of the above.

(e) More than one of the above.

Dimension and Rank

2 3 2 3
5 4 8 1 1 001
_13482_ .501012
266. LetA—g 0 5 1 3 : The reduced row echelon form oA is 00 1 1
1 2 4 1 0 00O
What is the rank of A?
(@ O
(b) 1
(c) 2
(d) 3
(e) 4
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267. Suppose a 4 4 matrix A has rank 3. Are the columns oA linearly independent?

(&) Yes, they are linearly independent.
(b) No, they are not linearly independent.
(c) We do not have enough information to decide.

268. Suppose a 4 4 matrix A has rank 4. How many solutions does the systeAx = b
have?

(@) O

(b) 1

(c) In nite

(d) Not enough information is given.

269. Suppose a 4 4 matrix A has rank 3. How many solutions does the systeAx = b
have?

(CYRY

(b) 1

(c) Innite

(d) Not enough information is given.

270. Suppose a 4 4 matrix A has rank 3. If it is known that (4, 5, 0, 1) is a solution to
the systemAx = b, then how many solutions doeé&x = b have?

(@) 1
(b) In nite
(c) Not enough information is given.

271. Suppose a 5 5 matrix A has rank 3. If it is known that (-1, 4, 2, 0, 3) is a solution
to the systemAx = b, then how many parameters does the solution set have?

(@) 0
(b) 1
(c) 2
(d) 3
(e) 4
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(f) Not enough information is given.

272. True or False If AX = BX for all matrices X where the products are de ned, then
A and B have to be the same matrix.

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

273. True or False If Ax = Bx for all vectors x where the products are de ned, themA
and B have to be the same matrix.

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and | am very con dent

Matrix Inverses

274. Which of the following matrices does not have an invefde

@ 34
LR
© o 3
@ 55

(e) More than one of the above do not have inverses.
(f) All have inverses.

275. When we put a matrixA into reduced row echelon form, we get the matrix (1) é
This means that
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(a) Matrix A has no inverse.

(b) The matrix we have found is the inverse of matrixA.
(c) Matrix A has an inverse, but this isn't it.

(d) This tells us nothing about whetherA has an inverse.

276. LetA= O % .whatis A 17
2 0
@ 30
® o5
© 1% o
@ 12 o

277. We nd that for a square coe cient matrix Ay thg homogeneous matrix equation

AX =4 05, has only the trivial solution X = 4 0 5. This means that
0 0

(a) Matrix A has no inverse.
(b) Matrix A has an inverse.
(c) This tells us nothing about whetherA has an inverse.

278. True or False If A, B, and C are square matrices and we know thaAB = AC, this
means that matrix B is equal to matrix C.

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and | am very con dent

279. True or False Suppose thatA, B, and C are square matrices, andCA = B, and A
is invertible. This means thatC = A !B.

(@) True, and | am very con dent
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(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

280. We know that (5A) 1= é Cl) . What is matrix A?

10

@ 01
50

() B
15 O

© o 1=
5 0

@ 4 5

(e) There is no matrix A which solves this equation.

281. A and B are invertible matrices. IfAB = C, then what is the inverse ofC?
@ Cl=A1B1?
by C =B Al
(cgCl=AB 1!
(d Ct=BA 1!
(e) More than one of the above is true.
(f) Just becauseA and B have inverses, this doesn't mean thaC has an inverse.

282. LetA be a2 2 matrix. The inverse of A is
(@ A *
(b) 1A
() A
(d) 3A 1
(e) Not enough information is given.

283. If A is an invertible matrix, what else must be true?

(@) If AB = CthenB = A IC:
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(b) A?is invertible.
(c) AT is invertible.
(d) 5A is invertible.
(e) The reduced row echelon form oA is |.
(f) All of the above must be true.

Determinants

284. What is the determinant of i g ?
(@) 4
(b) 11
(c) 15
(d) 19
2 3
5 1 0
285. What is the determinantof4 1 3 25?
0 11
(@ 0
(b) 15
(c) 24
(d) 26
2 3
500
286. What is the determinant of4 0 3 05?
0 01
(@ 0
(b) 9
(c) 15
2 3
5 2 1
287. What is the determinant of4 0 3 4 95?
0 0 1



(@) 0
(b) 6
(c) 15
(d) 22

288. Which of the following matrices are not invertible?

2 3
@ 5 5
2 3
0 5 3
3 3
(©) 5 -
2 3
3 3 3
d4 2 2 25
0O 0 O

(e) More than one of the above
(f) All of the above have inverses

289. True or False det(A + B) = det A + det B: Be prepared to support your answer
either with a proof (at least for the 2 2 case) or a counterexample.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

290. True or False det(AB) = det AdetB: Be prepared to support your answer either
with a proof (at least for the 2 2 case) or a counterexample.

(&) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

291. Suppose the determinant of a 2 2 matrix A is equal to 3. What is the determinant
of A 1?
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(@) 1/3

(b) 3

(©) 9

(d) Not enough information is given.

292. Suppose the determinant of a 2 2 matrix A is equal to 3. What is the determinant
of bA?

(@) 3
(b) 9
(c) 15
(d) 75
(e) Not enough information is given.

293. IfAisa 2 2 matrix, then det(kA) is

(@) kdet(A)
(b) 2k det(A)
(c) k?det(A)
(d) Not enough information is given.

294. Which of the following statements is true?

(a) If a square matrix has two identical rows then its deternmant is zero.

(b) If the determinant of a matrix is zero, then the matrix hastwo identical rows.
(c) Both are true.

(d) Neither is true.

295. Suppose the determinant of matriXA is zero. How many solutions does the system
Ax = b have?
(CYRY
(b) 1
(c) Innite
(d) Not enough information is given.
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296. Suppose the determinant of matriA is zero. How many solutions does the system
Ax =0 have?

(CYRY

(b) 1

(c) Innite

(d) Not enough information is given.

Vector Spaces and Subspaces

297. Which property of vector spaces is not true for the follang set?
2 . 1 .0 .1 2
2’ 10" 1" 2
(a) Closure under vector addition
(b) Existence of an additive identity

(c) Existence of an additive inverse for each vector
(d) None of the above

298. A vector subspace doa®t have to satisfy which of the following properties?

(a) Associativity under vector addition

(b) Existence of an additive identity

(c) Commutativity under vector addition

(d) A vector subspace must satisfy all of the above properse

(e) A vector subspace need not satisfy any of the above propes.

299. A vector space doesot have to satisfy which of the following properties?

(a) Closure under vector addition

(b) Closure under scalar multiplication

(c) Closure under vector multiplication

(d) A vector subspace must satisfy all of the above properés.

(e) A vector subspace need not satisfy any of the above profies.
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300. Which of the following sets of vectors are contained \Wih a proper subspace o?2?

. Xy . u;v;w
. X;v V. y;u;w
(@) i, ii, iii, and iv

(b) ii, iii, and iv only

(c) i and ii only
(d) ii and iv only
(e) iii and iv only
(f) ii only

301. The set of all 2 2 matrices with determinant equal to zero is not a vector supsce.
Why?

(@) 2 2 matrices are not vectors.
(b) With matrices, AB need not equalBA.

11 12 _ 23 2 3 . .

(c) 11 + 11 ° 29 and 5 o is not in the set.
10 01 11 11 . .

(d) 0 0 + 01 - 01 and 01 'S not in the set.

(e) None of the above

302. Which of the following sets of vectors is a basis far?

(@) f(1;0;0);(0;1,0);(0;0; 1)g
(b) £(1,0;1);(1,1,0); (1,1, 1)g
(c) £(2,0;0);(0;5;0); (0;0;8)g
(d) All are bases for<?3.
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2 3 2 3 2 3
1 3 6
303. Letv; = 415;v, =4 0 5;v3=4 0 5: Which of the following sets has the

2 1 2
same span as the set of all three vectofs;,; v,; vsg?

(@) fvi;vag

(b) fva;vsg

(c) fvi;vsg

(d) None of the above

(e) More than one of the above

2 3 2 3 2 3
1 3 6
304. Letv;, =4 195:v,=4 0 5;v3=4 0 5: Which of the following vectors isnot in
2 1 2
the subspace ok 2 spanned byf vi; v; v3g?
(@) (1;0;0)
(b) (4;1;,1)
(c) (3:36)
(d) All of these are in the subspace of3 spanned byf vi; v,; vag.

2 3 2 3 2 3
1 3 6
305. Letv; = 4195;v,=4 0 5;v3=4 0 5: Geometrically, what is the subspace

2 1 2
spanned by the sef vy; v,; vag?

(a) a point
(b) a line
(c) a plane
(d) a volume
(e) all of R®
2 3 2 3 2 3 2 3
1 0 0 k
306. Letv; = 4 09:v, =4 15:vy;=405;w=4 2 5: For how many values ofk
0 0 1 3

will the vector w be in the subspace spanned Wy ; v,; v3g?

(a) No values ofk - vector w will never be in this subspace
(b) Exactly one value ofk will work.
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(c) Any value of k will work.

2 3 2 3 2 3 2 3
1 0 1 k
307. Letvy =4 25:v,=4 15:y;=435;w=4 8 5: For how many values ok will
3 1 4 11

the vector w be in the subspace spanned biyw;; vo; v30?

(&) No values ofk - vector w will never be in this subspace
(b) Exactly one value ofk will work.
(c) Any value of k will work.

2 3 2 3 2 3 2 3
1 0 1 1
308. Letv; =4 25:v,=4 15:y;=4 35:w=4 k 3: For how many values ok will

3 1 4 k
the vector w be in the subspace spanned biw;; v,; v2g?

(&) No values ofk - vector w will never be in this subspace
(b) Exactly one value ofk will work.
(c) Any value of k will work.

Linear Combinations

2 3 2 3
1 2
309. fu=425andv=4 0 5:whatis2u 3v?
4 5
3
4
(a)4 4 5
23
3
8
(b)4 4 5
7
3
8
(c)4 4 5
23
2 3
7
(d)465
2
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2 3 2 3 2 3

5 1 3
310. Writez=4 3 5 as a linear combination ok =4 15 andy=4 2 5:
16 4 6
(@ z= 5x
(b) z= 2x+y
(c) z=x+2y
(d) z=2x+y

(e) z cannot be written as a linear combination ok andy.
(f) None of the above

311. Write the vectorw as a linear combination ofu and v.

@ w=2u+v

(b)) w=u+v

(c)w= u+v

(d w=u v

(e) w cannot be written as a linear combination ofi and v.

312. Write the vectorw as a linear combination ofu and v.
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@ w=2u+v

(b) w=u+v

(c) w= u+v

(dw=u v

(e) w cannot be written as a linear combination ofi and v.

2 3 2 3 2 3
2 2 4
313. Writez=4 25 as a linear combination ok =4 3 5 andy=4 55:
6 1 7

(@ z=x+y

(b) z= x+y
(c) z=3x+2y
(d) z= 3Xx+y

(e) z cannot be written as a linear combination ok andy.
(f) None of the above

2 3 3 2 5 3
314. Suppose we have the vectofis1 © and4 0 5 : Which of the following isnot a linear
2 1

combination of these?

2 3
6

(3)425
4
2 3
8
(b)405

3

2 3
8

(0)415
3

2 3

2

(d)4 15

1

2 3
40

(e) 4 5§ 5
15

(f) More than one of the above is not a linear combination of # given vectors.
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2 3 2 3

3 5
315. Suppose we have the vectofis 1 5 and 4 0 5 : Which of the following is true?
2 1

(a) Every vector in <3 can be written as a linear combination of these vectors.

(b) Some, but not all, vectors in<3 can be written as a linear combination of these
vectors.

(c) Every vector in <? can be written as a linear combination of these vectors.
(d) More than one of the above is true.
(e) None of the above are true.

316. Which of the following vectors can be written as a lineatombination of the vectors
(1, 0) and (0, 1)?
(@) (2;0)
(b) ( 31)
(c) (0:4;,3:7)
(d) All of the above

317. How do you describe the set of all linear combinations dfe vectors (1, 0) and (0, 1)?

(a) A point

(b) A line segment
(c) Aline

(d) <2

(e) <®

318. Which of the following vectors can be written as a lineazombination of the vectors
(1, 0, 0), (0, 1, 0), and (0, 0, 1)?
(@) (0;2;0)
(b) ( 3,0,1)
(c) (0:4,3:7;, 1.5)
(d) All of the above

319. How do you describe the set of all linear combinations dfet vectors (1, 0, 0), (0, 1,
0), (0, 0, 1)?
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(a) A point

(b) A line segment
(c) Aline

(d) <?

(e) <®

320. How do you describe the set of all linear combinations dfe vectors (1, 2, 0) and (-1,
1, 0)?
(@) A point
(b) Aline
(c) A plane
(d) <?
(e) <®

321. Letz be any vector from<3: If we have a setV of unknown vectors from<3; how
many vectors must be inV to guarantee thatz can be written as a linear combination
of the vectors inV?

(@) 2
(b) 3
(c) 4
(d) It is not possible to make such a guarantee.

322. Supposeg and z are both solutions toAx = b: True or False All linear combinations
of y and z also solveAx = b: (You should be prepared to support your answer with
either a proof or a counterexample.)

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and | am very con dent

323. Supposg and z are both solutions toAx = 0: True or False All linear combinations

of y and z also solveAx = 0: (You should be prepared to support your answer with
either a proof or a counterexample.)
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324.

325.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

Lucinda owns two ice cream parlors. The rst ice cream sh sells 5 gallons of vanilla

ice cream and 8 gallons of chocolate ice cream each day. Thédydsales at the second

store are 6 gallons of vanilla ice cream and 10 gallons of cblate ice cream. The
5

daily sales at stores one and two can be represented by thetees s; = 3 and

160 ; respectively. In this context, what interpretation can be gen to the
vector 15,7

Sy, =

(a) 15s; shows the number of people that can be served with 15 gallorfsvanilla ice
cream.

(b) 15s; shows the gallons of vanilla and chocolate ice cream sold kgre 1 in 15
days.

(c) 15s; gives the total revenue from selling 15 gallons of ice creamstore 1.

(d) 15s; represents the number of days it will take to sell 15 gallond @e cream at
store 1.

Lucinda owns two ice cream parlors. The rst ice cream sp sells 5 gallons of vanilla
ice cream and 8 gallons of chocolate ice cream each day. Thédydsales at the second

store are 6 gallons of vanilla ice cream and 10 gallons of cbiate ice cream. The

5

daily sales at stores one and two can be represented by thetees s; = 8 and

S, = ; respectively. The stores are run by di erent managers, anchey are not

6
10
always able to be open the same number of days in a month. If s#ol is open for
¢ days in March, and store 2 is open foc, days in March, which of the following

represents the total sales of each avor of ice cream betwettre two stores?

(@) ¢S+ &Sy

5 6 Cy
(b) 8 10 C

5¢; 6C,
© g * 105

(d) All of the above
(e) None of the above
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326. Lucinda owns two ice cream parlors. The rst ice cream sh sells 5 gallons of vanilla
ice cream and 8 gallons of chocolate ice cream each day. Thédydsales at the second

store are 6 gallons of vanilla ice cream and 10 gallons of cblate ice cream. The

daily sales at stores one and two can be represented by thetees s; = g and

S; = ; respectively. Lucinda is getting ready to close her ice cm@aparlors for

6
10
the winter. She has a total of 39 gallons of vanilla ice cream her warehouse, and 64
gallons of chocolate ice cream. She would like to distributee ice cream to the two
stores so that it is used up before the stores close for the ¥&n How much ice cream
should she take to each store? The stores may stay open foratient number of days,

but no store may run out of ice cream before the end of the day avhich it closes.

(&) Lucinda should take 3 gallons of each kind of ice cream ttose 1 and 4 gallons
of each kind to store 2.

(b) Lucinda should take 3 gallons of vanilla to each store andl gallons of chocolate
to each store.

(c) Lucinda should take 15 gallons of vanilla and 24 gallong ohocolate to store 1,
and she should take 24 gallons of vanilla and 40 gallons of chtate to store 2.

(d) Lucinda should take 15 gallons of vanilla and 32 gallond chocolate to store 1,
and she should take 18 gallons of vanilla and 40 gallons of chtate to store 2.

(e) This cannot be done unless ice cream is thrown out or a storuns out of ice
cream before the end of the day.

Linear Independence

327. True or False The following vectors are linearly independent: (1,0,0)0(0,2), (3,0,4)

() True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

328. Which set of vectors is linearly independent?

(@) (2;3);(8;12)

(b) (1;2,3);(4;5,6);(7:8;9)

(©) ( 310)(452)(1,6,2)

(d) None of these sets are linearly independent.
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(e) Exactly two of these sets are linearly independent.
(f) All of these sets are linearly independent.

329. Which subsets of the set of the vectors shown below amekrly dependent?

(@ u;w

(b) t;w

(c) t;v

(d) tu;v

(e) None of these sets are linearly dependent.

(f) More than one of these sets is linearly dependent.

330. Suppose you wish to determine whether a set of vectordimearly independent. You

form a matrix withpthose vectorg as the columns, and you caltate its reduced row
1 001
0101
0012
0000O

echelon form,R = Z : What do you decide?

(a2) These vectors are linearly independent.
(b) These vectors are not linearly independent.

331. Suppose you wish to determine whether a set of vectdrg; v»; vs; v4g is linearly in-
dependent. You fgrm the matr'g<A = [VviVaVvavy], and you calculate its reduced row
1 021
echelonformjR =4 0 1 3 195: You now decide to writev, as a linear combination
0 00O
of vq; V»; and v3: Which is a correct linear combination?
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(@ va=vi+ Vs

(B) va= vi 2v3

(c) v4 cannot be written as a linear combination of/;; v,; and va:

(d) We cannot determine the linear combination from this indrmation.

332. Suppose you wish to determine whether a set of vectdng; v,; vs; V40 is linearly in-
dependent. You fgrm the matr'§<A = [Vv1VaVaVy], and you calculate its reduced row
1021
echelonformR =4 0 1 3 15: You now decide to writev; as a linear combination

0 00O
of vq; v»; and v4,: Which is a correct linear combination?

(@) vs=(1=2)v; (1=2)v4

(b) vz =(1=2)v; +(1=3)v;

() v3=2v; +3Vv,

d) va= 2vi 3w,

(e) vs cannot be written as a linear combination of/y; v,; and vy:

(f) We cannot determine the linear combination from this inbrmation.

333. Suppose you wish to determine whether a set of vectdng; v,; vs; v4g IS linearly in-
dependent. You form the matrixA = [viVov3v4], and you calculate its reduced row

1021
echelonformiR =4 0 1 3 15: You now decide to writev, as a linear combination

0 00O
of vq; va; and v4: Which is a correct linear combination?

(@) V2=3Vvs+ vy

(b) va= 3vs v

(€) va=vs 3v3

d) va= vi+ vy

(e) v, cannot be written as a linear combination of/;; v3; and vy:

(f) We cannot determine the linear combination from this inbrmation.

82 32 3 2 32 39

3 1 3 1 14 3
334. Are the vectors g 4 Z g 0 Z g ! Z g 13 é linearly independent?
' 34 59 19 29’ 7 93 '

' 2 4 1 19 -

(&) Yes, they are linearly independent.
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(b) No, they are not linearly independent.

335. To determine whether a set af vectors from<" is independent, we can form a matrix
A whose columns are the vectors in the set and then put that magrin reduced row
echelon form. If the vectors are linearly independent, whatill we see in the reduced
row echelon form?

(a) A row of all zeros.

(b) A row that has all zeros except in the last position.
(c) A column of all zeros.

(d) An identity matrix.

336. To determine whether a set of fewer than vectors from<" is independent, we can
form a matrix A whose columns are the vectors in the set and then put that makrin
reduced row echelon form. If the vectors are linearly indepdent, what will we see in
the reduced row echelon form?

(@) An identity submatrix with zeros below it.

(b) A row that has all zeros except in the last position.
(c) A column that is not an identity matrix column.

(d) A column of all zeros.

337. If the columns ofA are not linearly independent, how many solutions are theretthe
systemAx = 0?
(CYRY
(b) 1
(c) in nite
(d) Not enough information is given.

338. True or False A set of 4 vectors from<2 could be linearly independent.

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and I am very con dent
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339. True or False A set of 2 vectors from<2 must be linearly independent.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

340. True or False A set of 3 vectors from<? could be linearly independent.

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and | am very con dent

341. True or False A set of 5 vectors from<* could be linearly independent.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

342. Which statement is equivalent to saying that; v,; and vz are linearly independent
vectors?

(@) The only solution to c;vy + GV, + Cava =0is ¢ = ¢, = ¢3 =0:
(b) vs cannot be written as a linear combination of/; and vs:
(c) No vector is a multiple of any other.

(d) Exactly two of (a), (b), and (c) are true.
(e) All three statements are true.
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Spanning Sets, Bases, and Dimension

343. Writed = (3; 5;10) as a linear combination of the vectora=( 1;0;3);b=(0;1;5);
andc=(4; 2;0):

(@ d= 3a 5b+c

(b) d=5a b+2c

(c) d=(10=3)a+ (5=2)c

(d) dcannot be written as a linear combination of, b, and c:

344. Which of the following sets of vectors spans®?
2 32 3 2 32 32 3

2 3
i 4 15;455 ii.405;4 15;425
3 1 4 1 0
2 32 32 32 3 2 32 32 32 3
2 1 3 6 4 3 8 6
ii.405:425:4 05:4 25 iv. 4 65:425:4125:4 45
0 0 2 2 2 1 4 2
(@) i, ii, iii, and iv

(c) ii and iii only
(d) i, ii and iii only
(e) iii and iv only
(f) ii only

345. Which of the following sets of vectors spars??

. Xy . u;v;w
iii. X;v V. y;u;w

(@) 1, ii, iii, and iv
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(c) ii and iii only
(d) ii and iv only
(e) iii and iv only
(f) ii only

346. Which of the following sets of vectors forms a basis fgF?
2 32 3 2 3

32 3
2 3 0 1
i.4 15:4 55 i.4 05:4 15:425
3 1 4 1 0
2 32 32 32 3 2 32 32 32 3
2 1 3 6 4 3 8 6
i. 405;425;4 05;4 25 iv. 4 65;425:4 125:4 45
0 0 2 2 2 1 4 2
(@) i, ii, iii, and iv

(c) ii and iii only
(d) i, ii and iii only
(e) iii and iv only
(f) ii only

347. Which of the fallowing describes the subspace ©f spanned by the vectors
2 32 32 372 3

465:425:4125:4 457
2 1 4 2

(@) Aline

(b) A plane

(c) <?

(d) All of <3

(e) Both (b) and (c)

348. Which of the following describes a basis for a subspace

(&) A basis is a linearly independent spanning set for.
(b) A basis is a minimal spanning set fol .
(c) A basis is a largest possible set of linearly independevictors inV.
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(d) All of the above
(e) Some of the above
(f) None of the above

2 3 2
1 0 2 3 1
80 2 11 é o g 0
349. LetA = g 0 1 o0 15° The reduced row echelonform & isR = 0
3 1 0 2 0
What is the dimension of the column space &&?
(@ 1
(b) 2
(c) 3
(d) 4
2 3 2
1 0 2 3 1
8o 2 1 1?}_ o 5 0
350. LetA = § 0 1 0 15° The reduced row echelonform dk isR = 0
3 1 0 2 0

Which columns would form a basis for the column space Af?

(a) All four
(b) The rst three
(c) Any three

OoOoOPr o

OOoOr o

OoOpr OO

OPr OO

[ERN

=
N

OR PRk
NN

(d) Any two
2 3
10 2 3
351. LetB=4 0 2 1 15:Which of the following describes the column space Bf?
01 0 1

(@) The column space o8B is all of <3:

(b) The column space oB is a proper subset ok :
(c) The column space oB is <*:

(d) The column space oB is a proper subset ok*:
(e) None of the above
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2 3
352. LetB = 4 S : What is the dimension of the column space @ ?

e Nel
RN O
O RN
P w

(@) O
(b) 1
(c) 2
(d) 3
(e) 4
(f) Innite
2 3
353. LetA =4 S : What is the dimension of the nullspace ofA?

N O
P ow N
P e

(&) 0
(b) 1
(c) 2
(d) 3
(e) 4
(f) Innite

354. LetA be ann n matrix. If A is an invertible matrix, what else must be true?

(&) The columns ofA form a basis of<":

(b) The rank of A isn.

(c) The dimension of the column space & is n.

(d) The dimension of the null space oA is O.

(e) All of the above must be true.

(f) More than one, but not all, of the above have to be true.

355. Howard's store sells three blends of our: standard, ext wheat, and extra soy. Each
is a blend of whole wheat our and soy our, and the table belowshows how many
pounds of each type of our is needed to make one pound of eaderid.

Standard Blend | Extra Wheat | Extra Soy
0.5 0.8 0.3 whole wheat our
0.5 0.2 0.7 soy our

Do the column vectors in this table span<?? Do they form a basis for<2?
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356.

357.

(a) Yes, they span<?; and they form a basis.

(b) They do span<?; but they do not form a basis.

(c) They do not span<?; but they do form a basis for<?:
(d) They do not span<?; nor do they form a basis.

Howard's store sells three blends of our: standard, ext wheat, and extra soy. Each
is a blend of whole wheat our and soy our, and the table belowshows how many
pounds of each type of our is heeded to make one pound of eaderid.

Standard Blend | Extra Wheat | Extra Soy

0.5 0.8 0.3 whole wheat our

0.5 0.2 0.7 soy our

To save rent money, the store will be moving to a smaller spaemd will need to cut
back on inventory. If possible, the manager would like to oplstock two of these
blends, and make the third from those as necessary. Which bt can be made from
the others?

(a) Standard Blend can be made from Extra Wheat Blend and Ex&r Soy Blend.
(b) Extra Wheat Blend can be made from Standard Blend and Exa Soy Blend.
(c) Extra Soy Blend can be made from Standard Blend and Extra Weat Blend.
(d) Any one blend can be made from the other two.

Howard's store sells three blends of our: standard, et wheat, and extra soy. Each
is a blend of whole wheat our and soy our, and the table belowshows how many
pounds of each type of our is needed to make one pound of eaderid.

Standard Blend | Extra Wheat | Extra Soy
0.5 0.8 0.3 whole wheat our
0.5 0.2 0.7 soy our

If the store continues to stock all three of these blends, wdi special-request blends
could be made from these three?

(&) Any special request could be accomodated by mixing the hgcombination of
these three blends.

(b) It would be possible to make any blend that is between 30%nd 80% whole wheat.

(c) It would be possible to make a broader range of blends thavhat is described in
answer (b), but there are still some blends that would not begssible.

(d) It would be possible to satisfy some special requests, tboot all of the ones
described in answer (b).
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Fundamental Vector Subspaces

358. How many linearly independent columns are there in the i A = é é ?
(@) 2
(b) 1
(c) O

359. Thecolumn spaceof a matrix A is the set of vectors that can be created by taking all

linear combinations of the columns oA. Is the vectorb= 1;' in the column space
. 12
= 2
of the matrix A 36
(&) Yes, since we can nd a vectox so that Ax = h.
. 1 2 4
(b) Yes, since 2 3 1 6 - 12

(c) No, because there is no vector so that Ax = h.
(d) No, because we can't ndc; and ¢, such that ¢;

(e) More than one of the above
(f) None of the above

360. The column space of the matriA = é é is

(a) the set of all linear combinations of the columns oA.
(b) aline in <2,
(c) the set of all multples of the vector

(d) All of the above
(e) None of the above

361. Which line in the graph below represents the column spaof the matrix A =

w
DN
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(@) line A
(b) line B
(c) line C
(d) line D
(e) None of the above

362. How many solutionsx are there toAx = 0 where A =

w P
DN

(a) 0O solutions

(b) 1 solution

(c) 2 solutions

(d) In nite number of solutions

363. Thenull spaceof a matrix A is the set of all vectorsx that are solutions of Ax = 0.
12

Which of the following vectors is in the null space of the maix A = 3 6
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(@) x = 1
0 x= g
(c) x= 42

(d) All of the above
(e) None of the above

364. Which line in the graph below represents the null spacé the matrix A =

(@) line A
(b) line B
(c) line C
(d) line D
(e) None of the above

123
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365. Therow spaceof a matrix A is the set of vectors that can be created by taking all
linear combinations of the rows oA. Which of the following vectors is in the row space

) 1 2
of the matrix A = 3 6
(@ x = 2 4
(b) x= 4 8
(cox= 00
(dx= 8 4

(e) More than one of the above
(f) None of the above

366. True or False: The row space of a matrixA is the same as the column space &f .

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

367. The row space of the matriA = é 2 consists of

(a) All linear combinations of the columns ofAT.

(b) All multiples of the vector 5

(c) All linear combinations of the rows ofA.
(d) All of the above
(e) None of the above

368. Which line in the graph below represents the row spacetbe matrix A =

w
N
N
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(@) line A
(b) line B
(c) line C
(d) line D
(e) None of the above

369. Theleft null spaceof a matrix A is the set of vectorsx that solve xA = 0. Which of
12

the following vectors is in the left null space of the matriA = 3 6 ?
(@ x = 2 1
(b) x = 31
(c)x= 1 3
dx= 1 2

(e) More than one of the above
(f) None of the above
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370. True or False: SincexA =0 can be rewritten asA™x" = 0, we can think of the left
null space as the null space &'.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

371. Which line in the graph below represents the left null sige of the matrixA =

w -

(@) line A
(b) line B
(c) line C
(d) line D
(e) None of the above

126



3
5

: Which of the following vectors are in the nullspace oA?

P ow N
e

2 3
1 0
373. LetA=40 1 S

2 1
3 19: How many vectors are in the nullspace oA?
2 111

(@) Only one
(b) Probably more than one, but it's hard to say how many
(c) An in nite number

374. IfAisanm n matrix, then the column space ofA is

(2) A subset of<™ that may not include the origin.
(b) A subset of<™ that includes the origin.

(c) A subset of<" that may not include the origin.
(d) A subset of<" that includes the origin.

(e) None of the above

375. IfAisanm n matrix, then the row space ofA is

(@) A subset of<™ that may not include the origin.
(b) A subset of<™ that includes the origin.
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376.

377.

378.

379. Recall that for the matrix A =

(c) A subset of<" that may not include the origin.
(d) A subset of<" that includes the origin.
(e) None of the above

If A isanm n matrix, then the null space ofA is

(a) A subset of<™ that may not include the origin.
(b) A subset of<™ that includes the origin.

(c) A subset of<" that may not include the origin.
(d) A subset of<" that includes the origin.

(e) None of the above

IfAisanm n matrix, then the left null space ofA is

(a) A subset of<™ that may not include the origin.
(b) A subset of<™ that includes the origin.

(c) A subset of<" that may not include the origin.
(d) A subset of<" that includes the origin.

(e) None of the above

Two vector spacesy and W are orthogonal complementsf and only if V is the set
of all vectors which are orthogonal to every vector iW. Recall that for the matrix

A= é (25 the null space consists of all multiples of the vector (2; 1) and the left

null space consists of all multiples of the vector (3;1). Which of the following are
true?

(a) The column space and null space are orthogonal complerten
(b) The column space and row space are orthogonal complenmgnt
(c) The column space and left null space are orthogonal corepients.
(d) None of the above

é g the null space consists of all multiples of the
vector ( 2;1) and the left null space consists of all multiples of the vear ( 3;1).
Which of the following vector subspaces are orthogonal colements?

(&) The row space and null space are orthogonal complements.
(b) The row space and column space are orthogonal complengnt
(c) The row space and left null space are orthogonal complentg.
(d) None of the above
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Linearly Independent Sets

380. To determine whether a se§ of vectors is linearly independent, you form a matrix
which has those vectors as golumns, andgyou calculate its uegd row echelon form.
1010

Suppose the resulting formi¢ 0 1 2 09 : How many linearly independent vectors
0 001
are in S?

(@) 0
(b) 1
(c) 2
(d) 3
(e) 4

381. To determine whether a se§ of vectors is linearly independent, you form a matrix
which has those vectors as golumns, andgyou calculate its uegd row echelon form.
1 010
Suppose the resulting formi¢ 0 1 2 09 : Which of the following subsets o are
0 001
linearly independent?

(@) The rst, second, and third vectors
(b) The rst, second, and fourth vectors
(c) The rst, third, and fourth vectors

(d) The second, third, and fourth vectors

(e) All of the above
(f) More than one, but not all, of the above

382. Consider the vectors, y, u, v, and w in <2 plotted below and form a matrixM which
has these vectors as columns. What is the rank of this matrix?
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(@ rank(M) =1
(b) rank(M) =2
(c) rank(M) =3
(d) rank(M) =4
(e) rank(M) =5

383. To determine whether a set of vectors is linearly indepaent, you form a matrix which
has those vectors as columns. If the matrix is square and itetérminant is zero, what
do you conclude?

(&) The vectors are linearly independent.
(b) The vectors are not linearly independent.
(c) This test is inconclusive, and further work must be done.

384. Which of the following expressions is a linear combinat of the functionsf (t) and

9(t)?

(@) 2f (t)+3g(t) +4

(b) f(t) 29(t)+t

(c) 2f (t)g(t)  3F (1)

(d f() o)

(e) All of the above

(f) None of the above

(9) Some of the above

385. True or False The function h(t) = 4 + 3t is a linear combination of the functions
f(t)=(1+ t)2andg(t)=2 t 22

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

386. True or False The function h(t) = sin(t + 2) is a linear combination of the functions
f (t) =sint and g(t) = cost:

() True, and | am very con dent
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(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

387. True or False h(t) = t?is a linear combination off (t) = (1 t)? and g(t) = (1 + t)%

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and I am very con dent

388. Lety,(t) = sin(2t): For which of the following functionsy,(t) will fy,(t);y.(t)g be a

linearly independent set?

(a) ya(t) = sin(t) cosg)
(b) ya(t) = 2sin(2t)

(€) yo(t) =cos(2t =2)
(d) y2(t) =sin( 2t)

(e) All of the above

(f) None of the above

389. Lety,(t) = €*: For which of the following functionsy,(t) will fy,(t);y.(t)gbe a linearly

independent set?

(@) yo(t) = e

(b) ya(t) = te*

() ya(t) =1

(d) yu(t) = €

(e) All of the above
(f) None of the above

390. The functionsy,(t) and y,(t) are linearly independent on the intervala <t<b if

(a) for some constantk; y;(t) = ky,(t) fora<t<b:

(b) there exists somety 2 (a;b) and some constant; and ¢, such that ¢;y;(to) +
C2Y2(to) 6 O:
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(c) the equationcyy:(t) + cy2(t) =0 holds for all t 2 (a;b only if ¢c; = ¢, =0:
(d) the ratio y;(t)=y-(t) is a constant function.

(e) All of the above

(f) None of the above

391. The functionsy;(t) and y,(t) are linearly dependent on the intervala <t<b if

(a) there exist two constantsc; and ¢, such that ¢y, (t)+ cy»(t) =0 forall a<t<b:

(b) there exist two constantsc; and c,; not both 0, such that c;y;(t) + cy»(t) = 0 for
alla<t<b:

(c) for eacht in (a;b); there exists constants; and ¢, such that ¢y, (t) + cy»(t) =0:

(d) for somea < tg < b; the equation ¢y (tg) + CYy2(tg) = O can only be true if
=06 =0:

(e) All of the above
(f) None of the above

Chapter 4: Higher-Order Linear Di erential Equa-
tions

Second Order Di erential Equations: Oscillations

392. A branch sways back and forth with positiorf (t). Studying its motion you nd that
its acceleration is proportional to its position, so that wien it is 8 cm to the right, it
will accelerate to the left at a rate of 2 cm/$. Which di erential equation describes
the motion of the branch?

(@) %I =gf

(b) 5= 4f
(© = 2
@) G =%
€ &= &
393. The di erential equation ‘(’% = 0:.1f + 3 is solved by a functionf (t) wheref is in

feet andt is in minutes. What units does the number 3 have?
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(a) feet

(b) minutes

(c) per minute

(d) per minute?

(e) feet per minute?
(f) no units

394. The di erential equationy®= 7y is solved by a functiony(t) wherey is in meters and
t is in seconds. What units does the number 7 have?

(a) meters

(b) seconds

(c) per second

(d) per second

(e) meters per secorrd
(f) no units

395. A dierential equation is solved by the functiony(t) = 3sin2t wherey is in meters
andt is in seconds. What units do the numbers 3 and 2 have?

(&) 3isin meters, 2 is in seconds

(b) 3isin meters, 2 is in per second

(c) 3 isin meters per second, 2 has no units
(d) 3is in meters per second, 2 is in seconds

396. Three di erent functions are plotted below. Could thes all be solutions of the same
second order di erential equation?
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(@) Yes
(b) No
(c) Not enough information is given.

397. Which of the following is not a solution of/°%+ ay = 0 for some value ofa?

(@ y=4sin2t
(b) y=8cos3
(c) y=2¢

(d) all are solutions

398. The functions below are solutions of°°+ ay = 0 for dierent values of a. Which
represents the largest value cd?

(@) y(t) =100sin2t

(b) y(t) =25cos6t

(c) y(t) =0:1sin5Q

(d) y(t) =3sin2t +8cos 2

399. Each of the di erential equations below represents thmotion of a mass on a spring.
If the mass is the same in each case, which spring is sti er?

(@) s+ 8s=0
(b) % 2s=0
(c) 2s%% s=0
(d) 8s%% s=0

400. The motion of a mass on a spring follows the equatiomx®= kx where the displace-
ment of the mass is given by(t). Which of the following would result in the highest
frequency motion?

@ k=6, m=2
(b) k=4, m=4
(c) k=2, m=6
(d) k=8, m=6

(e) All frequencies are equal
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401. Each of the di erential equations below represents th@otion of a mass on a spring.
Which system has the largest maximum velocity?

(@) 25"+ 8s=0;s(0)=5;s40)=0
(b) 2s%% 4s=0;s(0)=7;sY0) =0
(c) s®4s=0;s(0)=10;sY0)=0
(d) 8s%% s=0;s(0)=20;sY0)=0

402. Which of the following is not a solution of;% = ay for some positive value of?

(@) y=2sin6t
(b) y=4cosa
(c) y=3sin2t +8cos 2
(d) y=2sin3t+2cosa

403. Which function does not solve botlz®= 3z and z°°= 9z?

(@) z=7¢*
(b) z=0

(c) z=12e &
d) z= 66*

(e) all are solutions to both

404. How are the solutions 0§°°= 1y di erent from solutions of y°= ly?
Z y'= 3y
(a) The solutions ofy®= Xy grow half as fast as solutions of°= 1y.
(b) The solutions of y%= %y include decaying exponentials.
(c) The solutions ofy®= 1y include sines and cosines.
1

(d) None of the above

405. How are the solutions 0§®= 1y di erent from solutions of y®°=  1y?

(a) The solutions ofy®= 1y oscillate twice as fast as the solutions of°=  1y.

(b) The solutions ofy®= 1y have a period which is twice as long as the solutions
f 00. 1 4

(c) The solutions ofy%= %y have a smaller maximum value than the solutions of
y®= 3y.
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(d) More than one of the above is true.
(e) None of the above are true.

406. What function solves the equatiory®+ 10y = 0?

407.

408.

4009.

(@ y=10sin1k

(b) y=60 cosp 10t

© y=" 10

(d) y =20 ™

(e) More than one of the above

We know that the solution of a di erential equation is ofthe formy = Asin3X +
B cos X. Which of the following would tell us that A = 0?

(&) y(0)=0
(b) yY0)=0
(c) y(1)=0

(d) none of the above

We know that the solutions to a di erential equation areof the formy = Ae® + Be .
If we know that y = 0 when x = 0, this means that

@ A=0
(b) B=0
(c) A= B
(d A=B

(e) none of the above

An ideal spring produces an acceleration that is propahal to the displacement, so
my%= ky for some positive constank. In the lab, we nd that a mass is held on
an imperfect spring: As the mass gets farther from equilibmm, the spring produces a
force stronger than an ideal spring. Which of the followinggriations could model this

scenario?

(@) my®= ky?
(b) my®= kPy
(c) my®= " Kjyj
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(d) my®= ky?
(e) my®= ke
(f) None of the above

410. The functions plotted below are solutions of?°= ay for di erent positive values of
a. Which case corresponds to the largest value a?

411. The motion of a child bouncing on a trampoline is modelday the equation p°ft) +
3p(t) = 6 where pisininches and is in seconds. Suppose we want the position function
to be in feet instead of inches. How does this change the di ettéal equation?

(&) There is no change
(b) pt) +3p(t) =015
(c) pRt) +3p(t) =72
(d) 144p%t) +3p(t) =3
(e) pt) +36p(t) = 3

(f) 144p°¢t) + 36p(t) = 3
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412. A oat is bobbing up and down on a lake, and the distance dlie oat from the lake
oor follows the equation 2°°+5d 30 = 0, whered(t) is in feet andt is in seconds.
At what distance from the lake oor could the oat reach equilbrium?

(a) 2 feet

(b) 5 feet

(c) 30 feet

(d) 6 feet

(e) 15 feet

(f) No equilibrium exists.

Second Order Di erential Equations: Damping

413. Which of the following equations is not equivalent tg°%+ 3y°+ 2y = 0?

(@) 2y*+ 6y°+4y =0
(b) y*=3y%+2y

(c) 12y%=36y°+ 24y
(d) 3y®= 9° 6y
(e) All are equivalent.

414. Which of the following equations is equivalent tg*+ 2y°+ 3y = 0?

(@) t?y%%+ 2ty%+3y =0
(b) y%+2y°+3y =0

() 2y 3y%+ 3y =0
(d) None are equivalent.

415. The motion of a child bouncing on a trampoline is modelday the equation p°ft) +
3pqt)+8 p(t) = 0 where pis in feet andt is in seconds. What will the child's acceleration
be if he is 3 feet below equilibrium and moving up at 6 ft/s?

(a) 6 ft/s? up

(b) 6 ft/s 2 down
(c) 42 ft/s? up
(d) 42 ft/s? down
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(e) 39 ft/s? down
(f) None of the above

416. The motion of a child on a trampoline is modeled by the egtion p°¢t)+2 p{t)+3 p(t) =
0 wherep is in feet andt is in seconds. Suppose we want the position function to be
in inches instead of feet. How does this change the di erentiaquation?

(&) There is no change

(b) p°tt) +24pYt) +36p(t) = 0
(c) 12p%t) +2pYt) +36p(t) = 0
(d) 144p°%t) + 24p%t) +3p(t) =0
(e) None of the above

417. A hydrogen atom is bound to a large molecule, and its dastce from the molecule
follows the equationd®+ 4d°+8d 6 =0 whered is in picometers. At what distance
from the molecule will the atom reach equilibrium?

(@ d=6 pm.
(b) d= 2 pm.
(c) d= & pm

(d) No equilibrium exists.

418. When the space shuttle re-enters the Earth's atmosplegrthe air resistance produces
a force proportional to its velocity squared, and gravity ppduces an approximately
constant force. Which of the following equations might modds position p(t) if a and
b are positive constants?

(@) p”™ a(p)?+ b=0
(b) p®° a(p)?+ b=0
(c) p** a(p)?+ bp=0
(d) p*° a(p)*+ bp=0
(e) None of the above

419. The di erential equation m‘(’;—g’ + ‘é—{ + ky = 0 with positive parametersm, , andk is

often used to model the motion of a mass on a spring with a danmgj force. If was
negative, what would this mean?

(&) This would be like a negative friction, making the oscidltions speed up over time.
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(b) This would be like a negative spring, that would push the loject farther and
farther from equilibrium.

(c) This would be like a negative mass, so that the object walilaccelerate in the
opposite direction that the forces were pushing.

(d) None of the above

420. Test the following functions to see which is a solutiomty®+ 4y°+ 3y = 0.

@ y=¢é
(b) y=¢

(c)y=e'
dy=e?

(e) None of these are solutions.
(f) All are solutions.

421. Test the following functions to see which is a solutiomt& + 2 3—3 +29=0.

dx?
(@) g= €&
(b) g=sinx
(c) g= e *sinx
(d) None of these are solutions.

422. Suppose we want to solve the di erential equatioy®® ay°+ by =0 and we conjecture
that our solution is of the formy = C€'. What equation do we get if we test this

solution and simplify the result?
(@ 1+ar+br’=0

(b) Cr2+ Cr+c=0

(c) Ce€' + aCe' + bCé' =0
(d) r’+ar+ b=0

(e) None of the above

423. Suppose we want to solve the di erential equatio%fgy +5 ‘(’j—*t’ +4y = 0 and we conjecture

that our solution is of the formy = C€*. Solve the characteristic equation to determine
what values ofr satisfy the di erential equation.

@r= 2 8
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() r= 1, 4
(c)r= 3=2,+3=2
dr=1;4

(e) None of the above

- : o2 d _
424. Find the general solution tog +3 3 + 2y = 0.

(@) y(t) = Cie T2+ Cpe™2
(b) y(t)= Cie 2+ Cye !
(c) y(t) = Cie % + C,é

(d) y(t)= 2Cie * Cee'
(e) None of the above

425. The graph below has ve trajectories, call the top ong,, the one below ity,, down
to the lowest oneys. Which of these could be a solution of®+ 3y°+ 2y = 0 with
y(0) = 0 and yq0) = 1?

(@) y1
(b) y2
©) vys
(d) ya
e ys

426. What is the general solution td %%+ 2f %+ 2f =0?

(@) f(x)= Cie ¥?cosx + C,e *?sinx
(b) f(x)= Cie *cosx + Ce *sinx
(c) f(x)= Cie *cos; + Coe *sin3
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(d) f(x)= Cy+ Coe *
(e) None of the above

427. The harmonic oscillator modeled bygnx°% bx°+ kx = 0 with parametersm =1, k = 2,
and b= 1 is underdamped and thus oscillates. What is the period ohe oscillations?

(@ 2= P 7

(b) 4 = P 7

(c) P 7=2

(d) p7=4

(e) None of the above.

428. A harmonic oscillator is modeled bynx®%+ bx2+ kx = 0. If we increase the parameter
m slightly, what happens to the period of oscillation?

(a) The period gets larger.
(b) The period gets smaller.
(c) The period stays the same.

429. A harmonic oscillator is modeled bynx%%+ bx2+ kx = 0. If we increase the parameter
k slightly, what happens to the period of oscillation?

(a) The period gets larger.
(b) The period gets smaller.
(c) The period stays the same.

430. A harmonic oscillator is modeled bynx®%+ bx2+ kx = 0. If we increase the parameter
b slightly, what happens to the period of oscillation?

(a) The period gets larger.
(b) The period gets smaller.
(c) The period stays the same.

431. Classify the harmonic oscillator described below:

dy  dy ..
3W+4a+y—0.
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(a) underdamped
(b) overdamped

(c) critically damped
(d) no damping

432. Does the harmonic oscillator described below osciéat

dy  dy ..
3W+4a+y—0.

(@) Yes.
(b) No.

Linear Combinations and Independence of Functions

433. Which of the following expressions is a linear combinan of the functionsf (t) and

g(t)?

(@) 2f (t)+3g(t)+4

(b) £(t) 29(t)+t

(c) 2f (t)o(t) 3 (1)

(d) f(t) o)

(e) All of the above

(f) None of the above

434. True or False The function h(t) = 4 + 3t is a linear combination of the functions
f(t)=(1+ t)?andg(t)=2 t 22

(a) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and | am very con dent

435. True or False The function h(t) = sin(t + 2) is a linear combination of the functions
f (t) =sint and g(t) = cost:

(@) True, and | am very con dent

143



(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

436. True or False h(t) = t?is a linear combination off (t) = (1 t)? and g(t) = (1 + t)2

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and I am very con dent

437. Lety,(t) = sin(2t): For which of the following functionsy,(t) will fy(t);y.(t)g be a

linearly independent set?

(a) ya(t) = sin(t) cosg)
(b) ya(t) = 2sin(2t)

(€) yo(t) =cos(2t =2)
(d) y2(t) =sin( 2t)

(e) All of the above

(f) None of the above

438. Letyi(t) = €: For which of the following functionsy.(t) will fyi(t);y»(t)g be a linearly

independent set?

(@) yo(t) = e

(b) ya(t) = te*

() ya(t) =1

(d) yu(t) = €

(e) All of the above
(f) None of the above

439. The functionsy,(t) and y,(t) are linearly independent on the intervala <t<b if

(a) for some constantk; y;(t) = ky,(t) fora<t<b:

(b) there exists somety 2 (a;b) and some constant; and ¢, such that ¢;y;(to) +
C2Y2(to) 6 O:
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(c) the equationcyy:(t) + cy2(t) =0 holds for all t 2 (a;b only if ¢c; = ¢, =0:
(d) the ratio y;(t)=y»(t) is a constant function.
(e) All of the above

(f) None of the above

440. The functionsy;(t) and y,(t) are linearly dependent on the intervala <t<b if

(a) there exist two constantsc; and ¢, such thatc,y;(t)+ cy2(t) =0 forall a<t<b:

(b) there exist two constantsc; and ¢,; not both 0, such that c;y;(t) + cy»(t) = 0 for
alla<t<b:

(c) for eacht in (a;b); there exists constants; and ¢, such that ¢;y;(t) + cy»(t) =0:

(d) for somea < tg < b; the equation ¢y (tp) + CGY2(tg) = 0 can only be true if
c=06=0:

(e) All of the above
(f) None of the above

441. The functionsy;(t) and y,(t) are both solutions of a certain second-order linear homo-
geneous di erential equation with continuous coe cients ér a <t < b: Which of the

following statements are true?
(i) The general solution to the ODE isy(t) = c1yi(t) + oy(t); a<t<b:
(i) yi(t) and y,(t) must be linearly independent, since they both are solutien

(i) yy(t) and y,(t) may be linearly dependent, in which case we do not know endug
information to write the general solution.

(iv) The Wronskian of y;(t) and y,(t) must be nonzero for these functions.
(@) Only (i) and (ii) are true.

(b) Only (i) is true.

(c) Only (ii) and (iv) are true.

(d) Only (iii) is true.

(e) None are true.

442. Can the functionsy;(t) = t and y,(t) = t? be a linearly independent pair of solutions
for an ODE of the form
y** p()y’+ q(t)y =0 1t 1

wherep(t) and q(t) are continuous functions?

145



(@) Yes
(b) No

443. Which pair of functions whose graphs are shown below twbbe linearly independent
pairs of solutions to a second-order linear homogeneous eliential equation?

Second Order Di erential Equations: Forcing

444. The three functions plotted below are all solutions gf% ay®+4y = sin x. Is a positive
or negative?
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445,

446.

(a) ais positive.

(b) ais negative.

(c) a=0.

(d) Not enough information is given.

If we conjecture the functiony(x) = C;sin2x + C,cosX + C3 as a solution to the
di erential equation y°%4y = 8, which of the constants is determined by the di erential

equation?

(@ Cy
(b) C,
(c) Cs
(d) None of them are determined.

What will the solutions ofy®%+ ay®+ by = c look like if bis negative anda is positive.

(a) Solutions will oscillate at rst and level out at a constant.
(b) Solutions will grow exponentially.

(c) Solutions will oscillate forever.

(d) Solutions will decay exponentially.

447. The functions plotted below are solutions to which of @hfollowing di erential equa-

tions?

@ Ly+2¥+4y=3 3«

(b) &Y +2% +4y =3¢
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d?y
oz t2

d?y
dx?

None of the above

(©)
(d)
(€)

dy — cin 2
o T4y =sin 5x

+2¥ +4y=2x2+3x 4

448. The general solution td °% 7f %+ 12f = 0is f (t) = C.e 3+ C,e #. What should we
conjecture as a particular solution tof %%+ 7f °+ 12f =5e 2?

(@) f(t)= Ce *

(b) f(t)= Ce

(c) f(t)=Ce 2

(d) f(t)= Ccos2

(e) None of the above

449. The general solution tof ©+ 7f%+ 12f = 0 is f(t) = C.e 3 + C,e #. What is a

particular solution to f %% 7f %+ 12f =5e 6?2

(@) f(t)=
(b) f(t)= e ®
(¢ f()=
d f(t)y=e

(e) None of the above

450. To nd a particular solution to the di erential equation

d’y  ,dy

dez Tt
we replace it with a new di erential equation that has been \omplexi ed." What is
the new di erential equation to which we will nd a particular solution?

+3—= +2y = cost;

(@) %+3%’+2y:e2it
(b) %+:«3%’+2y:e3it
(c) %+\’3%+2y=eit
(d) %+3%+2y:e2it
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dy _
()olt2 Grav=e’

(f) None of the above.

2 . o
451. To solve the di erential equation% +3 %+2y = €', we make a guess gf(t) = Cé€'.

What equation results when we evaluate this in the di erenal equation?

(a) Cé' +3Ciel +2Cée! = Cél
(b) Cé€' +3Cie't +2C¢d' = ¢!
(c) Cie' +3Ce! +2Cet = ¢!
(d) Cét+3Cél +2Cét = Cet

2 . .
452. To solve the di erential equation% +3 %+2y = €', we make a guess of,(t) = Ce'.

What value of C makes this particular solution work?

1+3i
1 3i
0) C=—5
1+3i
c) C= p—=
(c) o
1 3
d C= p—
(d) 0
: . d?y dy
453. In order to nd a particular solution to i + Sd— + 2y = cost, do we want the
real part or the imaginary part of the particular solutiony,(t) = C€' that solved the
2 .
complexi ed equation 3—Z +3 ?ﬁ/ +2y=¢€'?

(a) Real part
(b) Imaginary part

(c) Neither, we need the whole solution to the complexi ed egtion.

. . . d’y _dy
454. What is a particular solution toF + 3a + 2y = cost?

3 1
(@) yp(t) = —cost + 1—Osmt
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(b) yp(t) = —?’cost+ isint

10 10
1 3 .
(©) yp(t) = 1—Ocost+ l—osmt
(d) yp(t) = L cost + 3 sint
oV~ 10 10

Beats and Resonance

455. Which of the following forced 2nd order equations haslstions exhibiting resonancé

(a) y*°+ y = cos(t)

(b) y%% y =2cos()
(c) y** y=2cosf)
(d) All of the above
(e) None of the above

456. Which of the following forced 2nd order equations haslstions exhibiting resonancé

(@) 2y%% y = cos(t)

(b) 2y%+ 4y = 2 cos(2)
(c) 4y°+ y= 2cos(=2)
(d) All of the above

(e) None of the above

457. Which of the following forced 2nd order equations haslstons exhibiting resonancé

(@) y°% 2y = 10 cos(2)
(b) y%+ 4y = 8cos(2)
(c) y%%+ 2y = 6 cos(4)
(d) All of the above
(e) None of the above

458. Which of the following forced 2nd order equations haslstions clearly exhibiting beat®

(@) y°%+ 3y = 10cos(2)
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(b) y%% 1y = 2 cos(2)
(c) y°%+ 9y =1cos(3)
(d) All of the above

(e) None of the above

459. The di erential equationy®® 100y = 2 cos(!t ) has solutions displayingesonancewhen

(a) ! =10;000
(b) ' =10
©! =9

(d) All of the above
(e) None of the above

460. The di erential equation y°%+ 100y = 2 cos(!t ) has solutions displayingoeatswhen

(@) ! =10;000
(b) ' =10
! =9

(d) All of the above
(e) None of the above

461. The dierential equation y°*+ 4y = 2 cos(2t) has solutions clearly displaying

(a) beats

(b) damping

(c) resonance

(d) All of the above
(e) None of the above

462. The di erential equation 4/°+ y = 2 cos(4t) has solutions clearly displaying
(a) beats
(b) damping
(c) resonance
(d) All of the above

151



(e) None of the above

463. The di erential equation 4/°+ 4y = 2 cos(t) has solutions clearly displaying

(a) beats

(b) damping

(c) resonance

(d) All of the above
(e) None of the above

Second Order Di erential Equations as Systems

464. A standard approach to converting second order equat®such asx®= x° 2x+4 is
to introduce a new variable,y, such that:

(@) y°= x
(b) y=x°
() y=x

(d) y°= x°

465. A rst-order system equivalent to the second order di eential equationx®%2x% x = 2

is:
(@)

x0 =y

= x %2
(b)

x° =y

O =  2X+y+2
()

0=y

= x 2y+2
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(d)

X+2y+2

466. Which second-order di erential equation is equivaleérno the rst-order system below?

0

X y

0 2X +4y

(@) y°=2x+4x°
(b) x% 4x% 2x=0
(c) x% 4x°+2x=0

(d) None of the above

467. Which second-order di erential equation is equivaleéro the rst-order system below?

0

X X+y

X 2

0

(@) x%%5x%+5x=0

(b) x°=  3x+ x%+3x

(c) Y+ 5y°+5y =0

d) y°= 2y (y'+2y)

(e) This system can not be converted to a second-order equati

468. In the spring mass system described by°= 2x° 2x, what does the variablex
represent?
(a) The spring's displacement from equilibrium
(b) The mass's displacement from equilibrium
(c) The spring's velocity
(d) The mass's velocity
(e) None of the above
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469. The spring mass system described = 2x° 2x, can be converted to a rst-order
system by introducing the new variabley = x°. What doesy represent?

(a) The mass's displacement from equilibrium
(b) The mass's velocity

(c) The mass's acceleration

(d) None of the above

470. A rst-order system equivalent to the spring mass syste x?°= 2x° 2x is:

(a)

x0 =y

0 — 2% 2X0
(b)

0 =y

O = 2y+2x
(€)

0=y

0 — 2y 2%
(d)

x° =y

= 2y

471. The solution to the spring mass systex™= 2x° 2x is:

(a) ); =ce * 2 + Cp€ 32
(b) ){ = ce 2 + ce 32

X _ , 1 ¢ , 2
(c) y e '(cycost + ¢, sint) 1 *te ( cisint + ¢, cost) 0
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(d) ); = e '(c,cost + ¢, sint) 12 +e '( ¢sint+ ccost) cl)
472. The position of the mass in the spring mass systetf’= 2x° 2x is given by:

(@) y= 2cie tcost 2ce tsint
(b) y = ce '(cost sint)+ ce '(cost +sint)
(c) x = cie t(cost sint) + ce t(cost +sint)
(d) x= 2cie tcost 2ce tsint

Chapter 5: Linear Transofmration

Linear Transformations and Projections

473. DeneT(v) = Av, whereA = é 01 . Then T(v)

(a) re ects v about the x,-axis.
(b) re ects v about the x;-axis.
(c) rotates v clockwise =2 radians about the origin.

(d) rotates v counterclockwise =2 radians about the origin.
(e) None of the above

474. De ne T(u) = Au, whereA = 1 2

0 . Using the vectors from<? plotted below,

this means that

(@) T(u)=v.
(b) T(u)= w.
() T(u)= x.
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(d) T(u)=y.
(e) None of the above

475. If the linear transformationT (v) = Av rotates the vectorsv; = ( 1;0) andv, =(0;1)
clockwise = 2 radians, the resulting vectors are

(@) T(w) = P 2=2; P 2=2 and T(vp) = P 2=2; 2=2

(b) T(v1) = P 2=2; P 2=2 and T(v,) = P 2=2; P 2=2
() T(v))=(0; 1)andT(v)=( 10)

(d) T(v1)=(0;1) and T(v2) =(1;0)

(e) None of the above

P

476. If the linear transformationT(v) = Av rotates the vectors ( 1;0) and (0; 1) clockwise
=2 radians then

(@) A= é O1
© A= 013

(e) None of the above

477. If the linear transformationT (v) = Av rotates the vectorsv; = ( 1;0) andv, = (0;1)
clockwise radians, the resulting vectors are
(@) T(vi) =(1;0)and T(vz) =(0; 1)
(b) T(v)=( 10)andT(v)=(0;1)
(¢) T(vs)=(0;1) and T(vz) = (1;0)
(d) T(v1))=(0; 1)andT(vz)=( 1;0)
(e) None of the above

478. If the linear transformationT (v) = Av rotates the vectors ( 1;0) and (0;1) radians
clockwise then

1 0

@A= o9 1
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_ 10

_ 0 1

©@A= 4 o
_ 0 1

@ A= 4 3

(e) None of the above

479. If the linear transformationT (v) = Av rotates the vectorv radians clockwise, then

was o
wa- @
- S
or %

(e) None of the above

480. The linear transformationT (v) = Av producesT (u) = w, T(v) = x and T(w) = vy, as
shown below. Which of the following could be the matrix A?

1.0
(a) A= O 1
0 1
_ 0 1
(C) A= 1 0
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10
0 1

(e) None of the above

(d) A=

481. The linear transformationT (X;y) = 1 (1)

0
@ T(xy)=(xy)

(b) T(x;y)=(y;X)

© Txy)=( xy)

d) Txy)=( yix)

(e) None of the above

482. The linear transformationT(X;y) = (X + 2y; X

transformation T(x;y) = A ); where

_ X
(@ A= x 2y

1 2
B A= 5

1 2
(C) A= 1 2

(d) It can't be written in matrix form

, can be written as

2y), can be written as a matrix

483. Which of the following is not a linear transformation?

(@ T(xy)=(xy+1)

(b) T(xy)=(x 2y;X)

(€ T(xy)=@y;x 2y)

(d) T(x;y)=(x;0)

(e) All are linear transformations

(f) More than one of these are not linear transforms
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484. True or False If a transformation producesT(a) = b, T(c) = d, and T(e) = f, for
the vectors plotted below, then this transformation must benonlinear.

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

485. Is the transformationT (X;y; z) = ( X;y; 0) linear?

(&) No, it is not linear because alz components map to O.

(b) No, it is not linear because it does not satisfy the scalar uftiplication property.
(c) No, it is not linear because it does not satisfy the vectordalition property.

(d) No, it is not linear for a reason not listed here.

(e) Yes, itis linear.

486. True or False If a transformation producesT(x) = vy, T(y) = u, T(u) = v, and
T(v) = w for the vectors plotted below, then this transformation musbe nonlinear.

() True, and | am very con dent
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(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and | am very con dent

487. Iff is a function, is the transformationT (f ) = f °linear?

(&) No, it is not linear because it does not satisfy the scalar uttiplication property.
(b) No, it is not linear because it does not satisfy the vectordaition property.

(c) No, it is not linear for a reason not listed here.

(d) Yes, itis linear.

488. What is the range ofT (v) = Av whereA = 22 g ?

1
2
(@) All of <3

(b) All of <2

(c) Aline in <2

(d) A plane in <3

(e) Alinein <3

489. When we mapw to Aw and w is an eigenvector oA, what is the geometric e ect?

(&) Aw is a rotation of w.

(b) Aw is a re ection of w in the x-axis.

(c) Aw is a re ection of w in the y-axis.

(d) Aw is parallel to w but may have a di erent length.

Eigenvalues and Eigenvectors

12 1
490. Compute the product 2 1 1
12
@ 5 4
3
b 3
(c) 3 3
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@ 5

(e) None of the above

2

491. Compute the product ; i 1
@ 3
®
©
O

(e) None of the above
(f) This matrix multiplication is impossible.

4

492. Compute the product ; i i
@ 5
® o
© 543
@ J5o

(e) None of the above
493. For any integern, what will this product be?

@ o

(b) 3"

(c) n®

o e R N e

(d) 3"
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© 3

(f) More than one of the above

494. Supposd\ is ann n matrix, cis a scalar, andx isann 1 vector. If Ax = cx, what
is A%x?

(a) 2cx
(b) cx
(c) cx

(d) None of the above
495. Compute the product ; i 1

@
® 3
©
@ 5

(e) None of the above

496. For any integern, what will this product be?

N -
=N

@ Y

® (1

© (3

(1"
(d) ( 1)n+1
(e) None of the above
(f) More than one of the above

N P
=N
N

497. For any integern, what will this product be?
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(@ 3"

(b) 2"

(c) 6"

R PP WWw NN

() 3"

(e) None of the above
(f) More than one of the above

498. For any integemn, what will this product be?

5

(3

0 (1

© (5

(1"
@5 ¢
(e) None of the above
(f) More than one of the above

499. Compute the product ; 1 é
@
® L
© 5
(d) 171

(e) None of the above

500. For any integern, what will this product be?
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(a) 11"

5
(0) 7 o
©
@ 3

(e) None of the above
(f) More than one of the above

501. Write the vector é
11 1
@ g = 3+ 17
1, 1 1
® 5 =3 1 *
1.1 1
© 5 =3 , 2 7

(d) None of the above
(e) More than one of the above

@ 1 3 1 +3 (2P

1

()3 (1 |

+( 2 3

(c)3 3 +(2) (1)

S S

d3 3 +( 1D (2

(e) None of the above

[

(f) More than one of the above

@

502. For any integem, what will this product be?

164
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. L 1
as a linear combination of

1

503. Which of the following is an eigenvector of the matrix

and

2
4

[EEN

1
1

?



®
©
@

(e) None of the above
(f) More than one of the above

504. Which of the following is an eigenvector of the matrix ; g ?
1
(& |
3=
b
3
© 3
1
(d) 2=3

(e) None of the above
(f) More than one of the above

505. Suppose the matrixA = i g has an eigenvalue 1 with associated eigenvector
X = g : What is A%0x?
@ ¢4
® %
© 2
@ %

(e) Way too hard to compute.
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506. Vectorx is an eigenvector of matrixA. If x = é and Ax = 12 then what is

the associated eigenvalue?

(@) 1

(b) 3

(c) 4

(d) Not enough information is given.

507. Which of the following is an eigenvector oA = :2:, 411

answer this by checking the vectors given, rather than by nihg the eigenvectors of
A from scratch.)

? (You should be able to

(@)

(b)

A WN

©

(d) None of the above

508. The vectort is an eigenvector of the matrixA. What could be the result of the product

At?
(@ At =u
(b) At=v
(c) At=w

(d) None of the above
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509. The vectoru is an eigenvector of the matrixA and Au = v, where the vectorsu and
v are shown below. What could be the result of the produdv?

(@) Av=u

(b) Av=v

(c) Av=w

(d) Av = x

(e) Av =y

4=3 . . 2 4 . : . .

510. 1 is an eigenvector of 31 - What is the associated eigenvalue? (Think!

Don't solve for all the eigenvalues and eigenvectors.)

(a) 4/3

(b) 5

(c) -2

. 1 4 . . . . 1

511. The matrixA = 3 0 has an eigenvalue 3 with associated eigenvecior 1

Lety= g : Which of the following statements is true?

(@) Ax = 3x
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(b) Ay =3y

(c) For any scalarsc and d, A(cx + dy) = 3(cx + dy)
(d) All of the above are true.

(e) Only (a) and (b) are true.

2 3
2 00
512. The matrix A = 4 0 2 09 has an eigenvalue 2 with associated eigenvectors=

2 3 2 9§03

1 0
4 05 andy =4 1 5: Which of the following statements is true?

0 0
(&) Ax =2x
(b) Ay =2y

(c) For any scalarsc and d, A(cx + dy) =2(cx + dy):

(d) For any nonzero scalars and d, cx + dy is an eigenvector ofA corresponding to
the eigenvalue 2.

(e) All of the above are true.
(f) Only (a) and (b) are true.

513. True or False Any nonzero linear combination of two eigenvectors of a matiA is
an eigenvector ofA.

(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

514. If w is an eigenvector ofA, how does the vectorAw compare geometrically to the
vector w?

(@) Aw is a rotation of w.

(b) Aw is a re ection of w in the x-axis.

(c) Aw is a re ection of w in the y-axis.

(d) Aw is parallel to w but may have a di erent length.

515. What does it mean if O is an eigenvalue of a matri?
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(a) The determinant of A is zero.

(b) The columns ofA are linearly dependent.

(c) There are an in nite number of solutions to the systemAx = 0:
(d) All of the above

(e) None of the above

2 3
123
516. LetA=4 0 0 69 and note that all of the rows sum to six. Which of the following
0 4 2
is true?
2 3
1

(@) w=4 15 is an eigenvector ofA.
1

(b) 6 is an eigenvalue oA.
(c) Both statements are true.
(d) Neither statement is true.

Eigenspaces

517. If a vectorx is in the eigenspace oA corresponding to , and 6 0, then x is

(a) in the nullspace of the matrixA:

(b) in the nullspace of the matrixA I:

(c) not the zero vector.

(d) More than one of the above correctly completes the sentes

518. Which of the following statements is correct?

(&) The set of eigenvectors of a matriA forms the eigenspace .
(b) The set of eigenvectors of a matriXA spans the eigenspace @éf.

(c) Since any multiple of an eigenvector is also an eigenvectthe eigenspace always
has in nite dimension.

(d) More than one of the above statements are correct.
(e) None of the above statements are correct.
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519. Which of the following statements is correct?
(a) The set of eigenvectors of a matriXA corresponding to a particular eigenvalueq,
together with the zero vector, forms the eigenspace Af corresponding to ;:
(b) An eigenspace corresponding to a non-repeated eigeneahas dimension one.

(c) An eigenvalue of multiplicity two has a corresponding e&nspace of dimension
two.

(d) All of the above statements are correct.
(e) Exactly two of the above statements are correct.

Complex Eigenvalues

520. True or False Real matrices have only real eigenvalues.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

521. Which of the following couldnot be the set of distinct eigenvalues for a 3 3 real

matrix?

@ 2,5

(b) 1,3,5

(€) 2,3,4+Ti
(d) 3,2+i,2 i

522. True or False Real eigenvalues of a real matrix correspond to real eigeni@s only.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent
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Diagonalization

onN

523. What are the eigenvalues dd =

(@) 2and 3
(b) 0 and 2
(c) Oand 3
(d) 5and 6

: what is D°?

(C) 0 35
(d) Too hard to compute by hand.

525. Why might we be interested in diagonalizing a matrix?

(a) Because it is easy to nd the eigenvalues of a diagonal niat
(b) Because it is easy to compute powers of a diagonal matrix.
(c) Both of these reasons.

526. Which of the following statements are true?

(@) An n n matrix with n linearly independent eigenvectors is diagonalizable.
(b) Any diagonalizablen n matrix has n linearly independent eigenvectors.
(c) Both are true.

(d) Neither is true.

527. Which of the following statements are true?
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(@) An n n matrix with n distinct eigenvalues is diagonalizable.
(b) Any diagonalizablen n matrix has n distinct eigenvalues.
(c) Both are true.

(d) Neither is true.

528. Which of the following statements are true?

(&) If A is a diagonalizable matrix, thenA does not have any zero eigenvalues.
(b) If A does not have any zero eigenvalues, thénis diagonalizable.

(c) Both are true.

(d) Neither is true.

529. True or False Invertible matrices are diagonalizable.

(&) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

Chapter 6: Linear Systems of Di erential Equations

Testing Solutions to Linear Systems

530. We want to test the solutionx; = e 2 and x, = e % in the system

X1+ 3X>5
33X+ Xo

X1

X3

What equations result from substituting the solution into the equation?

()
2t — e 2t +3e 2t
e2 = a2yl

0]
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(b)

2t

e = e 32
e 2t — 3e 2t e 2t
(c)
2e 2t — e 2t +3e 2t
2e 2t — 3e 2t +e 2t
(d)
2e 2t — e 2t 3e 2t
2e 2t — 3e 2t e 2t

(e) None of the above

531. Isx; = X» = X3 = € a solution to the system below?

0 -

X1 3X1 Xo+ X3
0

X5 2X1 X3

X3 = X1 Xp+ X3

(&) Yes, it is a solution.

(b) No, it is not a solution because it does not satisfx = 3x; X + Xa.

(c) No, it is not a solution because it does not satisfy; = 2x;  Xs.

(d) No, it is not a solution because it does not satisfx = x; X, + Xa.

(e) No, itis not a solution because it doesn't work in any equain for all values oft.

532. Which of the following are solutions to the system bel&wv

X0 = 4x; X,

X3 2X1 + Xo
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(a)
X1 = eZt

Xo = eZt
(b)
X1 = GZt
Xo = 292t
()
X1 = e3t
X, = e
(d) None of the above.
(e) All of the above.
533. Since we know that bottk; = x, = e® andx; = e !;x, = e ! are solutions to the
system
x{ = X1+2X
X5 = 2X1+ X2

Which of the following are also solutions?

(@)

x; = 3t el

X, = 3et+e!
(b)

x; = €' e!

X, = €e'+e!

174



(€)

x; = 2et+4e!
Xy = 4et+293t
(d)
Xxp, = 0
Xy = 0

(e) None of the above.
(f) All of the above.

534. Consider the system of di erential equations,

2 3
14 0 4

y{t)y=4 2 13 8D5y(t)
3 0 25

Which of the following functions solve this system?
2 3
1
@ y(t)=405e *
3
2 3
1
(b) y(t)=4 35¢
2

2 3
4

() y(t)= 4 05
1

(d) None of the above.
(e) All of the above.

Solutions to Linear Systems

535. Consider the linear system given by

dy

dt

oON
IN
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t

True or False : Y(t) = 0 is a solution.

(&) True, and | am very con dent

(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and I am very con dent

t
536. Consider the linear syste% = CZ) 34 Y with solution Yy(t) = e;

True or False: The function k Y;(t) formed by multiplying Y;(t) by a constantk is
also a solution to the linear system.

() True, and | am very con dent

(b) True, but I am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

. . dy .
537. Consider the linear systemd—t = S 34 Y. The functions Y,(t) and Y,(t) are

solutions to the linear system.
True or False: The function Y;(t) + Y,(t) formed by adding the two solutionsY;(t)

and Y,(t) is also a solution to the linear system.

(&) True, and | am very con dent

(b) True, but I am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

538. True or False: The functionsYy(t) = (s:,gns(g and Yy(t) = g?ns(g)) are linearly

independent.
(2) True, and | am very con dent
(b) True, but I am not very con dent

(c) False, but I am not very con dent
(d) False, and | am very con dent
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sin(t)
cost)

2 sin(t)

539. True or False: The functions Yy(t) = 2 cosf)

and Y(t) = are

linearly independent.

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but I am not very con dent
(d) False, and I am very con dent

540. If we are told that the general solution to the linear howgeneous systenY®= AY is

Y=ce®* 1t c,et é , then an equivalent form of the solution is
(@ y1= 2c.e 4+ e *andy, = 2c.e™ + 3ce™
(b) yi= 2cie *+2ce™* andy, = cie # +3c,e™

(€) yi= 2ce *+ e *andy, = 2,6 + 3¢,
(d) y1= 2cie ¥ +2¢e* andy, = e # +3ce™
(e) All of the above

(f) None of the above

541. IfY = e 2 ; +e 4 g is a solution to the linear homogeneous syste= AY ,

which of the following is also a solution?

1
— 2t
(@ Y =2e 5
1 2
— 2t 4t
(b) Y =3e 5 de 3
©Y=14e * 2

(d) All of the above
(e) None of the above

542. The eigenvalues and eigenvectors for the coe cient mat A in the linear homogeneous
systemY%= AY are ; =4 with v; =< 1;2> and ,= 3withv,=< 2;1>.
What is a form of the solution?

2

1
(@ Y =ce ™ 5 + cet 1
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(b) Y = e + e ¥

1

1
- At 3t
(©) Y = € 5 + ce 1

(d) Y = ce® + cet

1

543. You have a linear, homogeneous, system of di erentiagjueations with constant co-
e cients whose coe cient matrix A has the eigensystem: eigenvalues -5 and -2 and
eigenvectors<  1;2 > and < 4;5 >, respectively. Then a general solution to

Z—T = AY is given by:
_ kle St Zkze 2t
(a) Y= 4k1e St 4 5kze 2
: ke & 4k,e
(b) ¥ = 2k,e 2 +5kye O
a kie o 4k,e &
(C) Y= 2k1e Sty 5kze 2
(d) Y = kle 2t+2kze 5t

4k1e 2t 5k2€ o

544. The eigenvalues and eigenvectors for the coe cient nrat A in the linear homogeneous
systemY®= AY are ;=4 with vy =< ;2> and ,= 3withv,=< 2;1>.1In
the long term, phase trajectories:

(a) become parallel to the vectonv, =< 2;1>.
(b) tend towards positive in nity.

(c) become parallel to the vectonv; =< 1;2>.
(d) tend towards O.

(e) None of the above

545. If the eigenvalues and eigenvectors for the coe cientairix A in the linear homoge-
neous systenmy®= AY are ;= 4withv,=<1;2> and , =3 with v, =< 2,;3>,

iSy.= e 4 é a solution?
(a) Yes, itis a solution.
(b) No, it is not a solution because it does not contain .
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(c) No, it is not a solution because it is a vector.
(d) No, it is not a solution because of a di erent reason.

546. The eigenvalues and eigenvectors for the coe cient mat A in the linear homogeneous
systemY%= AY are ;=4 with v; =< 10> and , =4 with v, =< 0;1>. What is
a form of the solution?

(@) Y = ¢ (1) + cet 1
(b) Y = e (1) +ce ™ 1
(€) Y = e (1) + cote™ 1
(d) Y =ce® 1 *Ge At 0
547. The system of di erential equationsY? = i 31 Y has eigenvalue = 2 with

multiplicity 2, and all eigenvectors are multiples ofv =< 1; 1 >. Testing Y =

et 11 , we nd that

(a) Y is a solution.
(b) Y is not a solution.

548. The system of di erential equationsY? = i 31 Y has eigenvalue = 2 with

multiplicity 2, and all eigenvectors are multiples oiv =< 1; 1>. One solution to this
equation isY = & 11 . Testing Y = te? 11 , we nd that

1 ) .
te?t is also a solution.

(a) ¥ ]

te?t 11 is not a solution.

(b) Y

549. The eigenvalues and eigenvectors for the coe cient mat A in the linear homogeneous
systemY®= AY are = 4 with multiplicity 2, and all eigenvectors are multiples of
v=<1, 2>. Whatis the form of the general solution?
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1

—_ 4t 4t

(@ Y = ce 5 + cote 5
1

— 4t 4t

(b) Y = ¢e 5 + ce 5
1 1 0

—_ 4t 4t 4t

() Y = ¢e 5 +c, te 5 +e 1

Geometry of Systems

: . . dy . . . .
550. The di erential equation r = AY has two straight line solutions corresponding to

; and v, = 12 that are shown on the direction eld below.
We denote the associated eigenvalues by and .

eigenvectorsy, =

We can deduce that ; is

(a) positive real

(b) negative real

(c) zero

(d) complex

(e) There is not enough information

: . . dy . : . .
551. The di erential equation a9t = AY has two straight line solutions corresponding to

; and v, = 12 that are shown on the direction eld below.
We denote the associated eigenvalues by and .

eigenvectorsy, =
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We can deduce that , is

(a) positive real

(b) negative real

(c) zero

(d) complex

(e) There is not enough information

552. The di erential equation Cij_t = AY has two straight line solutions corresponding to

eigenvectorsy; = ; and v, = 12 that are shown on the direction eld below.

Suppose we have a solutioki (t) to this system of di erential equations which satis es
initial condition Y (t) = ( Xo; Yo) Where the point (Xo;Yo) is not on the line through the
point (1; 2). Which statement best describes the behavior of the solah ast!1 ?
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(a) The solution tends towards the origin.

(b) The solution moves away from the origin and asymptoticd approaches the line
through < 1,2 >.

(c) The solution moves away from the origin and asymptotichl approaches the line
through< 1, 2>.

(d) The solution spirals and returns to the point §o; Yo)-
(e) There is not enough information.

553. Suppose you have a linear, homogeneous system of dingisd equations with constant
coe cients whose coe cient matrix has the following eigengstem: eigenvalues 4 and
1 and eigenvectors< 1;1 > and < 2;1 > respectively. The functionY (t) is a
solution to this system of di erential equations which sas es initial value Y (0) =

( 15,20). Which statement best describes the behavior of the stlhn ast!1 ?

(a) The solution tends towards the origin.

(b) The solution moves away from the origin and asymptoticll approaches the line
through < 1;1>.

(c) The solution moves away from the origin and asymptotichl approaches the line
through< 2;1>.

(d) The solution spirals and returns to the point ( 15; 20).
(e) There is not enough information.

554. Suppose we have a linear, homogeneous system of di ge¢requations with constant
coe cients who coe cient matrix has the following eigensysem: eigenvalues 4 and
1 and eigenvectors 1;1> and< 2;1> respectively. Suppose we have a solution
Y (t) which satis es Y (0) = ( Xo; Yo) Where the point (Xo; o) IS not on the line through
the point (1;1). How can we best describe the manner in which the solutiof(t)
approaches the origin?

(&) The solution will approach the origin in the same mannersathe line which goes
through the point (1;1).

(b) The solution will approach the origin in the same manner &the line which goes
through the point ( 2;1).

(c) The solution will directly approach the origin in a straght line from the point
(Xo; Yo)-

(d) The answer can vary greatly depending on what the pointxg; Yo) is.

(e) The solution doesn't approach the origin.
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555. Using the phase portrait below for the systeny® = AY, we can deduce that the
eigenvalues of the coe cient matrix A are:

(a) both real

(b) both complex

(c) one real, one complex

(d) Not enough information is given

556. Using the phase portrait below for the systeny® = AY, we can deduce that the
eigenvalues are:

(a) of mixed sign
(b) both negative
(c) both positive
(d) Not enough information is given

557. Using the phase portrait below for the systeny® = AY, we can deduce that the
dominant eigenvector is:
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@ < L1>
(b) < 1,3>
(c)<1 2>

(d) There is no dominant eigenvector because there is no vectthat is being ap-
proached by all of the solution curves.

(e) Not enough information is given

558. Which phase portrait below corresponds to the linearpmogeneous, system of di er-
ential equations with constant coe cients whose coe cient matrix has the following
eigensystem: eigenvalues -5 and -2 and eigenvectors 1;2> and< 4;5>, respec-
tively?
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559. Classify the equilibrium point at the origin for the syem

dy _ 1 1 ,
G- 41
(a) Sink
(b) Source
(c) Saddle

(d) None of the above

Nonhomogeneous Linear Systems

560. Which of the following would be an appropriate guess ftre particular solution to the
forced ODEy°= 3y + t2?

(@) Yo = cit?
(b) Yo CL+ ot + C3t2

() Yp = cie 3 + cpt?
(d) yp=cie 3+ ct? + gt + ¢4
(e) Yp=C+ Cot?

561. Which of the following would be an appropriate guess ftéine particular solution for

the decoupled systeny = 02 03 Y + Zee:t ?
@ oot e

& 35

© %

(d) Zgigtﬁ

562. Which of the following would be an appropriate guess fdéine particular solution for

2 1 et
the systemY 5 3 Y + g
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C;|_e4t + C2et
(a) C3€4t + C4et

Cle4t + C2et
(b) ool
Cle‘“
© e
C;|_e4t

(d) C2€4t + C3et

563. Which of the following is a particular solution for the gstem Y°= 22 13 Y +
s o
@ %= o O
0 %= 20z
©) Y»= 1(:)%5;‘?: C? 625
(d) More than one of the above
564. Which of the following is the general solution for the syem Y° = 22 13 Y +
s o
@Y=ke® ket ]+ Rl
(b) Y = kee * + koe T+ %%iift:ooé‘ft
@Y=ke S orke )+ G0
@Y=ke® ] vke' )+ na o

565. Which of the following would be an appropriate guess féhe particular solution for
2 1 e

0— ?
the systemY 5 3 Y + ot
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e ¥+ el
e U+ et

(@)

e *+ el
ce !

(b)

ce ™
ce !t

(©)

ce A
e M+ el

(d)

(e) None of the above

566. Which of the following would be an appropriate guess ftine particular solution for
2 0 t

the systemY°= > 3 Yt 4 7
et + c,e
(a) C3e4t + C4et
C;|_et
(b) C2€4t + C3et
Cle4t
() o6

c et
(d) C et + C3et

567. Which of the following would be an appropriate guess ftine particular solution for
2 1 sin t

0— s
the systemY 5 3 Y + % :

csint + ot
Cc3sSint + ¢t

(@)

ciSint + ccost + Gt + ¢4

(b) CGssint + cgcost + cit+ g
©) csint + ot+ ¢

csint + cst+ G

csint
(d) Gt + G
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Chapter 7: Nonlinear Systems of Di erential Equa-
tions

Nonlinear Systems

568. The nonlinear system of di erential equations given lb@v has an equilibrium point at

(0; 0). Identify the system which represents a linear approxinti@n of the nonlinear
system around this point.

at Y
dy _ .
at 2y +sin X
(@)
dx
a—y+2x
dy _
i 2y
(b)
dx _
dt
dy _
at 2y
()
dx
a_y+2X
d
(d)
dx _
dt
d
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569. For the nonlinear system given below, compute the Jagdab J(Xx;y) that we associate
to it.

%:x+2xy

(a)
J(xy) = 1;(2)( 23;

(b)
J(xy) = 1;(23/ 2X2

(©)
J(xy) = 2X2 1;(2y

(d)
2X 2

V)= oy o

570. The nonlinear system given below has an equilibrium pbiat (0;0). Classify this

point.
% = X +2Xy
dy _ 2
gt~ X

(@) Sink

(b) Source

(c) Saddle

(d) Spiral Sink
(e) Spiral Source
(f) Center

Euler's Method and Systems of Equations

571. We have the system of di erential equationx®= 3x 2y and y®= 4y? 7x. If we
know that x(0) = 2 and y(0) = 1, estimate the values ofx andy at t = 0:1.
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(@ x(0:1)=4, y(0:1)= 10
(b) x(0:1)=6, y(0:1)= 9
(c) x(0:1)=2:4,y(0:1) =0
(d) x(0:1)=0:4,y(0:1)= 1
(e) None of the above

572. We have the system of di erential equations®= x( x 2y+5)andy°= y( x y+10).
If we know that x(4:5) = 3 and y(4:5) = 2, estimate the values ofx andy at t = 4.

(@) x(4)=0, y(4)= 3
(b) x(4) =86, y(4) =10
(c) x(4)=6, y(4) =7

(d) None of the above

573. We have a system of di erential equations fo% and ‘;—{ along with the initial con-
ditions that x(0) = 5 and y(0) = 7. We want to know the value of these functions

whent = 5. Using Euler's method and t = 1 we get the result that x(5) 142
and y(5) 238. Next, we use Euler's method again with t = 0:5 and nd that
x(5) 146 andy(5) 5:3. Finally we use t =0:25, nding that x(5) 148 and
y(5) 3:7. What does this mean?

(a) Fewer steps means fewer opportunities for error, s&(b);y(5)) (14:2;238).

(b) Smaller stepsize means smaller errors, so(%);y(5)) (14:8; 3:7).

(c) We have no way of knowing whether any of these estimatesaaywhere close to
the true values of &(5); y(5)).

(d) At these step sizes we can conclude that(5) 15, but we can only conclude
that y(5) < 3:7.

(e) Results like this are impossible: We must have made an errin our calculations.

Chapter 8: Laplace Transforms

Laplace Tranforms

574. True or False The Laplace transform method is the only way to solve some tgg of
di erential equations.

(@) True, and | am very con dent
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(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and | am very con dent

575. Which of the following di erential equations would be mpossible to solve using the
Laplace transform?
(a) 9 =12c+3sin(2r) +8cos*(3r +2)
(b) ngfZ 100g—x = Inl(?()
(© =L
(d) pta) = {+96p° 12p

576. Suppose we know that zero is an equilibrium value for artan homogeneous linear
di erential equation with constant coe cients. Further, suppose that if we begin at
equilibrium and we add the nonhomogenous driving teriin(t) to the equation, then the
solution will be the functiony(t). True or False : If instead we add the nonhomogeous
driving term 2f (t), then the solution will be the function 2y(t).

(@) True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

577. Suppose we know that zero is an equilibrium value for artzn homogeneous linear
di erential equation with constant coe cients. Further, suppose that if we begin at
equilibrium and we add a nonhomogenous driving term(t) to the equation that acts
only for an instant, att = t,, then the solution will be the functiony(t). True or False :
Even if we know nothing about the di erential equation itsef, using our knowledge of
f (t) and y(t) we can infer how the system must behave for any other nonhogeneous
driving function g(t) and for any other initial condition.

() True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent
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578. The Laplace trangform of a functiory(t) is de ned to be a function Y(s) so that
LIy(t)] = Y(s) = 01 y(t)e stdt. If we have the functiony(t) = e, then what is its
Laplace transformL[y(t)] = Y (s)?

(@) L[y(t)] = is if s> 5.

S

(b) Ly(t)] = L if s< 5.

S

(©) Lly(t)]= s if s > 5.

S

(d) Lly(t)]= £ if s< 5.

(&)

579. What is the Laplace transform of the functiory(t) = 1?

(@ Ly())= Lifs>o0.

b) Ly®]= lifs<o.
© Lly®]= Lifs>o.
d) Ly®]= Lifs<o.

(e) This function has no Laplace transform.

580. What isL[e*]?

(@) L[e*] = sL if s< 3.
(b) L[e*] = L if s > 3.
(c) L[] = 2 if s> 3.
d) L[] = —Lifs< 3.

581. Suppose we have the Laplace transfort(s) = ﬁ and we want the original function
y(t). Whatis L * 1 ?

S

@@Lt =e?

)Ll =¢

S

(c) This cannot be done

582. Suppose we know that the Laplace transform of a parti@uwlfunction y(t) is the function
Y (s) so that L[y(t)] = Y(s). Now, suppose we multiply this function by 5 and take
the Laplace transform. What can we say aboult [5Sy(t)]?

(@) L[By(M]=5Y(s).
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(b) L[3y()] =
(c) LI5y(M]=

5Y (s).
Y (s).
(d) L[5yl = ze ®Y(s).
(e) None of the above

583. Suppose we know that the Laplace transform of a parti@ulfunction f (t) is the func-
tion W (s) and that the Laplace transform of another functiong(t) is the function X (s)
so that L[f (t)] = W(s) and L[g(t)] = X (s). Now, suppose we multiply these two func-
tions together and take the Laplace transform. What can we gaabout L[f (t)g(t)]?

(@) LIf(Da(t)] = W(s)X(s).

(b) LIf (t)g(t)] =

W(s)
X(s) "

() LIf ()a(t)] = W(s) + X(s).
(d) LIF(©)g(t)] = W(s) X(s).
(e) None of the above

584. Suppose we know that the Laplace transform of a partieulfunction f (t) is the func-
tion W (s) and that the Laplace transform of another functiong(t) is the function X (s)
so that L[f (t)] = W(s) and L[g(t)] = X (s). Now, suppose we add these two functions

together and take the Laplace transform. What can we say abbu[f (t) + g(t)]?

(@) LIf (1) + g(t)] = W(s)X(9).

(b) LIf () + g(t)] =

W (s)
X(s) "

() L)+ g(t)] = W(s) + X(s).

(d) LIf(t)+ g(t)] = W(s) X(s).
(e) None of the above

585. Suppose we have(s) = L+ - and we want the functiony(t). Whatis L *

@ L *
(b) L *
(cpL*
dL*

s+6
5

st6

5
s+6

(e) This cannot be done
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586. Suppose we know thal [y(t)] = Y (s) and we want to take the Laplace transform of

the derivative of y(tg, L ‘(’j—{ . To ggt started, recall the method of integration by parts,

which tells us that udv= uv v du.

(@) L ¥ = yt)e t+ sY(s).
(b) L ¥ =y(t)e st sY(s).
€ L £ =y(0)+ sY(s)
dL 2 =y0) sY(s).
e L & y(0) + sY(s).

R
587. We know thatL[y(t)] = Y(s) = 01 y(t)e Stdt and that L fi% = y(0)+ sY(s). What
do we get when we take the Laplace transform of the di erenti@&quation %{ =2y+3e !
with y(0) = 27?

(@) 2+ sY(s)=2Y(s)+ =

s+l

(b) 2+ sY(s)= 3Y(s)+ 2
(€) 2+sY(s)=2Y(s)+ =
(d) 2+sY(s)=2Y(s) =

s+l

(e) 2 sY(s)= 2Y(s)+

588. We know thatL[y(t)] = Y(s) and that L ‘c’,—¥ = y(0) + sY(s). Take the Laplace
transform of the di erential equation ‘;—{ =5y+2e 3 with y(0) = 4 and solve forY (s).

— 2 4
@ Y= 535t 55

®) Y()= 535 * 55
©) Y= mass * 55

— 2 4
(d) Y(9) = tememy * o

589. Suppose that after taking the Laplace transform of a dérential equation we solve for
the function Y (s) = m This is equivalent to which of the following?

g
®

@ Y= 5+

s+2

b) Y(8)= w7 +

s+2

S
© Y= o3+ 5%

d Y(E)= 2+ 5%

S

o »
11,
w o

0
®lo o
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h [

590. FindL ! i -

h i

3
(s+2)(s 6),
|

O L ety =
h i

(@ L *

1 3 — 3
© L (AT T8
|

=3e 2te6t
3a 2t 3 a6t
s€ + g€

gt 3¢ 6t

8

1 3 3=84 2t =8 A6t
(d) L hm_—e e %+ e8¢

|
1 3 —
(e) L (st2)(s 6)

32t 4 3
€% + e

. Solve the di erential equation? = 4y + 3e? with y(0) = 5 using the method of

dt

Laplace transforms: First take the Laplace transform of thentire equation, then solve
for Y (s), use the method of partial fractions to simplify the resultand take the inverse
transform to get the function y(t).

(8) y(1) = g€+ le *
(b) y(1)= Je* + Ze 2
(c) y(t)= Ze * + Ze*
(d) y(t) = Je “+ 3¢

. Consider the Heaviside function, which is de ned as

0 ift<a
Ua( = 7 ¢ a

Supposea = 2. What is the Laplace transform of this L[u,(t)]? Hint: It may be
helpful to break this integral into two pieces, from 0 to 2 androm 2to 1 .

(@) Llux(t)] = g€*+ ¢

1

s
1
s

(b) Llux(t)] = ge *
(© Llu(t)]= ge®
(d) Llu(t)]= ge *
(e) Llux(t)] = g€

593. Find the Laplace transform of the functiorus(t)e ¢ 9.

5
s+l

(@) Llus(the @ V1= &5

(b) L[us(t)e @ 91= ¢
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(©) Llus(t)e @ 9]= €=

(d) Lius(tye ¢ 9]= 2

594. Find the Laplace transform of the functioru,(t)e3t 4.

(@) L[ua(t)e
(b) Llus(t)e™
(€) Lua(t)e*
(d) Lua(t)e™
(e) Llua(t)e

h i

s+l

s+l

3s
=57
3s
N= &z
41— e %
1= S5
4s
=53
4s
N= &5

595. FindL ! &3 .

s+2
h i
e 3s
S+2

h 3s|
®) L' S

h i

e 3s
S+2 |

h i
(d)Llﬁ

hs+2_
1
©L* 5
|

f) L? e ¥

S+2

(@ L *!

(cpL?

= uy(t)e 2
= uy(t)e 3¢
= uy(t)e 3
= uy(t)e 2
= uy(t)e 2

= U3(t)e 3(t

3)

2)

3

3

2)

2)

596. Use Laplace transforms to solve the di erential equauin‘;—{ =

y(0) = 1.

(@) y(t) = e 2 +2uy(t)e ¢ ?
(b) y(t) = e #+4uy(t)e

© ¥ = o %+ 2us(t)
(d) y(t) = e * +4uy(t)

597. What is the Laplace transform of the second derivativé,

d? _
(@ L §F =

y{0) + sL

2u,(t)e 2t 2
4uy(t)e 2t 2)

2U2(t)e 2(t 2)
4U2(t)e 2(t 2)

[yl
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h i

(b) Lhi‘;—z_ = y{0) sy(0)+ $’LIy]
|

o y{0) sy(0)+ sL[y]
|

€ L %
d) L &Y = yq0)+ sy(0) SL[y]

598. We know that the di erential equation y°°= y with the initial condition y(0) = 0

and yY0) = 1 is solved by the functiony = sin t. By taking the Laplace transform of
this equation nd an expression forL [sint].

(@) L[sint]= S
(b) L [sint] = 15
(©) L[sint] = -

(d) L[sint]= S5

599. Find an expression fokL [sin!t ], by rst using your knowledge of the second order dif-

ferential equation and initial conditionsy(0) and y%0) that are solved by this function,
and then taking the Laplace transform of this equation.

(@) L[sinlt]= o>
(b) L[sin't]= ooz
(©) L[sin't]= i
(d) L[sin!t]= SZIT
(e) L[sin!t]= ot

600. Find an expression fok [cos!t ], by rst using your knowledge of the second order dif-

ferential equation and initial conditionsy(0) and y{0) that are solved by this function,
and then taking the Laplace transform of this equation.

(@) L[coslt ] = o=
(b) L[coslt]= 2~
(c) L[coslt]= 22
(d) L[coslt]= ot

(e) L[coslt]= o

601. FindL ! -3

4+s2 ¢
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(@ L ' =, =3cos2.

4+ 52
(b) L * ;=, =3cos4.
(L' ;% =4cosa.
d) L * ;% =3sin2t.
(e) L ' ;=, =3sin4t.
(f) L * ;= =4sin3t.

=

602. FindL * -2~ .

2s2+6

(@ L ! 2 :55inp§t.

2s2+6

(b) L ! 2 :5sinp€_5t.
©L*! 2 = gsinpg’t.
dL? 2 = E—;sinloét.
()L ! 2 = Epr’—ésinp§t.

603. yve know that the functionf (t) has a Laplace transformF(s), so that L[f (t)] =
01 f (t)e stdt = F(s). What can we say about the Laplace transform of the product
L [e*f (1)]?
(@) L[e*f (1)] = eF(s).
(b) L[eMf (1)] = e*F(s).
(c) L[eMf (t)]= F(s a).
(d) L[eMf (t)]= F(s+ a).
(e) We cannot make a general statement about this Laplace maform without know-
ing f (t).

604. Find L[3e* sin&].

(@) L[3e*sin] = 3

(s 4)2+25 "
(b) L [3e4t sin 5t] = ﬁ

(d) L[3e" sin&] = cil

(s 4)2+5
p_
(e) L[3eMsin5]= 32

(s+4) 245 -

198



h [
605. FindL ?! 8

(s+3) 2+16 -
h i
(@) L 1h(s+3)%16. =2e ¥sin4
|

(b) L ? =2e “sin3

8
(s+3) 2+16
|

(C) L 1h(s+3)L2+16 =8e 3tSin4t
|

d L ? =2e*sin4t

__ 8
(s+3) 2+16

606. s2 + 6s + 15 is equivalent to which of the following?

(@) s2+6s+15=(s+2)2+11
(b) s2+6s+15=(s+3)?+6
(c) s2+6s+15=(s+5)? 10
(d) s>+6s+15=(s+6)?> 21

607. FindL ' 2% by rst completing the square in the denominator.

s2+6 s+15
(@ L ! B0 =2e* sin” &t
(b) L * F&0- = 26" cos’ Bt
(Lt 20 =2e % cos Bt
d) L T 20 =2¢&" sin” &t
(e) L 1 20 =¢o cos’ Bt
() L' 428, =eCcos B

608. FindL * Szfg’;ﬁls , by rst completing the square in the denominator.

p_
(@) L * =8 _ =2e cos 6t

(by L * 28 _ =2e 3tcoslofit+2

s2+6 s+15

L' 22 =2e® cos” 6t +2e *sin’ &t

P~ L
2s5+8 —
(d) L ' g585- =2e *cos 6t+ e *sin 6t

609. Suppose that after taking the Laplace transform of a derential equation we obtain

the function Y (s) = (#ﬂé% This is equivalent to which of the following?
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— 2s=19 2s=19
@ Y(9)= s + Fo3

—  2s=19 2s=19
(b) Y(s) = 52i16 + s§+3

— 2s=13 2s=13
(c) Y(s)= szs+16 + sZs+3

—_ 2s5=13 2s=13
@) YO = &6 + =55

h i
610. FindL 1 25

(s2+16)( s2+3)

h i

(@) L lhm' = Zcos4+ %cospét.
i

(b) L 1h(52+16§%_ = 2 cos4 1—23cosp§t.
|

(C) L 1h(52+16§% = 5%Sin4t+ 1—3%—§S|np§t
i

(d) L 1 (52_'_15% = 5£25in4t E%—gsu]pét

611. Use Laplace transforms to solve the di erential equatioy®= 2y +4 sin 3t if we know
that y(0) = yY0) = 0.
P5s . P .
(@ y= p6—723||cr)1 2t + 4sin3
(b) y= G—ﬁsig 2t 2sin3
() y=%¥sin 2t sin

p_
d) y= Zcos 2t+ cos3

612. The Dirac delta function ,(t) is de ned so that ,(t) = O for all t 6 a, and if we
iategrate this function over any integral containinga, the result is 1. What would be

s (a(t)+2 o(t) 34(t)+5 1) dt?
(@ 1

(b) O

(c) 4

(d) 5

(e) 30

(f) This integral cannot be determined.

613. Find 2°
- Find J7(6(t) (1) s(t) o)) dt?
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(@ 1

(b) O

(1

(d) 4

(e) 5

(f) This integral cannot be determined.

614. FindL [ 7(1)].

(@) 1

(b) 7

(C) e 7s

(d) e Tt

(e) This integral cannot be determined.

615. Find L [ o(t)].

(@) O

(b) 1

(c)e?

d) e

(e) This integral cannot be determined.

616. We have a system modeled as an undamped harmonic odoitlathat begins at equi-
librium and at rest, soy(0) = y40) = 0, and that receives an impulse force at = 4,
so that it is modeled with the equationy®= 9y + 4(t). Find y(t).

(@) y(t) = us(t)sin X
(b) y(t) = Fua(t)sin3t

(€) y(t) = us(t)sin3(t 4)
(d) y(t) = 3us(t)sin3(t 4)

617. We have a system modeled as an undamped harmonic odoitlathat begins at equi-
librium and at rest, soy(0) = yY0) = 0, and that receives an impulse forcing at = 5,
so that it is modeled with the equationy®= 4y + 5(t). Find y(t).
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(@) y(t) = us(t)sin2

(b) y(t) = jus(t)sin2(t 5)
(©) y(t) = 3us(t)sin2(t 5)
(d) y(t) = gux(t)sin5(t 2)
(e) y(t) = zus(t)sin2(t 2)

618. For many di erential equations, if we know how the equ&n responds to a nonho-
mogeneous forcing function that is a Dirac delta function, & can use this response
function to predict how the di erential equation will respond to any other forcing func-
tion and any initial conditions. For which of the following d erential equations would
this be impossible?

(@ pRg) = 5+96p° 12p
(b) &7 100" +14nm = 18

‘dn? In(n)

) £ 100d = 18

dx2 dx In(x)

(d) % =12c+3sin(2r) +8cos’(3r +2)

R
"f(t u)g(u)du. What is the

619. The convolution of two functionsd g is de ned to be

convolution of the functionsf (t) = 2 and g(t) = €*?

@f g=¢& 1

(b) f g=2&% 2
(c)f g=4¢& 4
d)f g=3e* 3

(e) This convolution cannot be computed.

620. What is the convolution of the functiond (t) = uy(t) and g(t) = e 3?

(@ f g= %e 3(t 2) %
b) f g=fe® 1
©f g= le* 2+
@ f g= je*+]
(e) This convolution cannot be computed.

621. Let (t) be the solution to the initial-value problem ‘3273’ + pf,—{ + qy = oft), with
y(0) = yY0) =0 . Find an expression for_[ ].
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@ L[]=0
(b) L[ ]=s*+ ps+q

© LL1= ke

@ L[1= goue

622. Let (t)=2e be the solution to an initial-value problemdt2 + pﬂ—‘t’+ qy=o(t), with
y(0) = yq0) = for some specic values op and g, so thatL[ ] = What

will be the solution of £¥ + p% + qy= 0 if y(0) = 0 and y{0) = 5?

Frpsrq”

(@ y=2e*
(b) y=10e *
€ y=ze®
(d) y=2e

(e) It cannot be determined from the information given.

623. Let (t) be the solution to the initial-value problem & dt2 pi—{ + qy = oft), with
y(0) = y40) =0 . Now suppose we want to solve this problem for some other forgi
function f (t), so that we havedy p‘é—{ + gy = f (t). Which of the following is a correct
expression forL [y]?

(@) Livl=

(b) LIyl = LIFILL ].
(©) Liyl= 1.

(d) LIyl = LIf .

(e) None of the above

dt2

624. Let (t) = e * be the solution to an initial-value problem a2 p + qy= oft), with
y(0) = y¥0) =0 . Now suppose we want to solve this problem for the forcing fuinan
f(t) = e %, so that we havedtz p‘é—i’ + qy= f (t). Find y(t).

@ yt=e* e
(b) yt)y=e > e®
(c) y(t) = M
w)wo—eaem
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Chapter 9: Discrete Dynamical Systems

Equilibrium and Long-Term Behavior

625. Suppose we hava,.; = 3a, with ag = 0. What is as0?

(&0

(b) 3400

(c) 1200

(d) It would take way too long to gure this out.

626. Suppose we hava,.; = 3a, with ag = 1. What is az?

(CYRY
(b) 1
(c) 9
(d) 27
(e) None of the above

627. Suppose we hava,.; = 0:9a,. What is the equilibrium value?

(@) O
(b) 0.9
(c) There is no equilibrium value.

(d) The equilibrium value cannot be determined without knowng the initial value.
(e) None of the above

628. Suppose we hava,.; = 0:9a, with ap =1. What is az?

(@) 0

(b) 1

(c) 0.9

(d) 0.729

(e) None of the above
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629. Suppose we havig,+1

3fn, 10 withfg =5. What is f3?

(@ o
(b) 5
(c) 15
(d) 125

630. Suppose we havie,.; = 3f, 10 with fo=4. What is f3?

(CYRY
(b) 2
(c) 4
(d) 12
(e) None of the above

631. Supposel,.; =0:9d, + 2. What is the equilibrium value?

(@ 9

(b) 2

(c) 20

(d) 20/9

(e) None of the above

632. Supposa@,+1 = 20, + 3. Which statement describes the long-term behavior of the
solution with go = 0.
(&) The solution stays at O.
(b) The solution grows without bound.
(c) The solution grows and approaches the equilibrium value
(d) The solution oscillates farther and farther from the eqilibrium value.
(e) None of the above

633. True or False An equilibrium value can never be negative.

(@) True, and | am very con dent
(b) True, but I am not very con dent
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(c) False, but | am not very con dent
(d) False, and I am very con dent

634. The following di erence equation describes the poptian of a small town, wheren is
in years.

Pn+1 = 0:9p,
Which of the following is a true statement?

(a) Eventually this town will die out.
(b) Eventually this town will have 1,000,000 people.

(c) This town's population will uctuate, but the town will n ever grow substantially
or die out.

(d) A big city modeled with this di erence equation would hae more people in the
long run than this town will have.

635. The following di erence equation describes the poptian of a small town, wheren is
in years.

Pn+1 = 1:17p,
Which of the following is a true statement?

(a) Eventually this town will die out.
(b) Eventually this town will have 1,000,000 people.

(c) This town's population will uctuate, but the town will n ever grow substantially
or die out.

(d) This di erence equation does not have an equilibrium vaie.

636. The di erence equationa,.; = 1:08a, might model the population of some species. If
ap = 5000, which of the following statements is true?
() agp > 5000
(b) a4 < 5000
(c) Itis possible that azg = 5000
(d) More than one of these statements could be true.
(e) None of these statements has to be true.

637. The di erence equationa,+; = 0:93a, might model the population of some species. If
ap = 5000, which of the following statements is true?
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(a) a;p > 5000

(b) a4 < 5000

(c) Itis possible that azg = 5000

(d) More than one of these statements could be true.
(e) None of these statements has to be true.

638. When we are looking for an equilibrium value, why can wéange botha, and a,.;
to E and then solve the resulting equation?

(a) a, and a,+; both represent amounts, so they're the same thing anyway.
(b) a, and a,+; are just symbols, so we can use a di erent symbol to represehiem.
(c) At equilibrium, each term is the same as the one before.

(d) None of the above

639. A polluted lake has a percentage of its contaminants weel away each year, while fac-
tories on the lake dump in a constant amount of pollutants e&icyear. The equilibrium
value for this lake is 500 pounds. This means that

(a) if there are initially 500 pounds of contaminants, thereavill always be 500 pounds
of contaminants (assuming the conditions remain the same).

(b) when there are 500 pounds of contaminants in the lake, treemount of pollutants
being washed out each year is exactly equal to the amount bgidumped in.

(c) if there are currently 750 pounds of pollutants in the la&, next year there will be
fewer pollutants in the lake.

(d) All of the above are correct.
(e) Exactly two of the above are correct.

640. Suppose the only equilibrium value of a di erence equah is 10, and this is a stable
equilibrium. True or False If as =7, then 7 <ag< 10.

() True, and | am very con dent
(b) True, but I am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

641. True or False A dierence equation can only have one equilibrium value.

207



(@) True, and | am very con dent
(b) True, but | am not very con dent
(c) False, but I am not very con dent
(d) False, and | am very con dent

642. Consider the di erence equatiom,+; = ra,. If r is increased, what is the e ect on the
equilibrium value?
(&) The equilibrium value increases.
(b) The equilibrium value decreases.
(c) The equilibrium value doesn't change.
(d) The e ect depends on how muclr is increased by and what it started at.

643. Consider the di erence equatiora,.; = ra, + bwherer =3 and b= 2. Ifris
increased, what is the e ect on the equilibrium value?
(&) The equilibrium value increases.
(b) The equilibrium value decreases.
(c) The equilibrium value doesn't change.
(d) The e ect depends on how muctr is increased by.

Solving Homogeneous Systems of Di erence Equa-
tions

644. If we are told that the general solution to a system of derence equations is

1

Av= 2= (@O 7 to( 05
8

by,

then which is an equivalent form of the solution?

(@) a, = ¢ (0:9)" + £c,(0:9)" and by, =  c( 0:5)" + ¢ O:5)"
(b) a, = ¢ (0:9)" c¢( 0O5)" andh, = 501(0:9)” + ¢( 05"
(©) ay = c1(0:9)" ¢ 05" andhy, = 502(0:9)” + c( 0O5H)"
(d) All of the above

(e) None of the above
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645. The solution to a system of di erence equations is

A, = B =¢ (0:9)" 1 + ¢( 0:5)" 11

by,

Which of the following is a true statement?

7
8

(a) This system has an unstable equilibrium.
(b) In the long-run, b will hold 7/8 of the population.

(c) The equilibrium value of this system is 8

(d) All of the above
(e) None of the above

646. If we wish to solve this system,

a1 = a, 0:2a,+0:3b
bhe1 = b 03,

which matrix do we need to nd eigenvalues and eigenvectorsrf

(@)

1 02 03
1 03 0
(b)
1 02 03
o 1 03
(c)
0:8 03
07 0
(d)
0:8 03
0 07

(e) None of the above

647. In solving the system

ans1 = a8, 0:2a, +0:3b,

b = b 03
we nd that the eigenvalues of the coe cient matrix are 0.8 ar 0.7 with corresponding
eigenvectors of (1) and 13 : What is the solution to this system?
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@) A, = ¢,(0:8)" é + Gy(0:7)" 13

(B) Ay = (08" . + 07

1 0

() A, = ¢(0:8) L + ¢(0:7) 3
0 1

@) Av=a08) 0 +oO7) g

(e) None of the above

3

648. The solution to a system of di erence equations &, = ¢;(0:8)" é +c(0:7)" 1

If Ag= : what are ¢; and ¢,?

2
3
(@ c=2andc =3

(b) ¢ =55=4 andc, =110=8
(c) c=11andc, =3

(d o= 7andc, =3

(e) None of the above

649. The following system of di erence equations allows ue predict how the populations
of two towns, A and B, change each year.

a1 = a, 0:2a,+0:3b
bhe1 = b 03,

The solution to this system is

3

A, = C1(0:8)n 1

1
0 + C2(O:7)n

Which of the following is a true statement?

(a) This system has a stable equilibrium.

(b) In the long-run, both of these towns will be ghost towns.

(c) If there are initially 10,000 people in town B, thenb,g = 282 people.
(d) All of the above

(e) None of the above
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650. IfA, = (2)" i + % " 11 is a solution to the system of di erence equations

An+1 = RA,; which of the following is also a solution?

@ @)
®3 @ ; 41"
(C) 8 % n 11

(d) All of the above
(e) None of the above

651. True or False If either column of the coe cient matrix of a system of homogaeous
di erence equations sums to a value greater than one, thendlsystem has an unstable

equilibrium.

(@) True, and | am very con dent

(b) True, but | am not very con dent
(c) False, but | am not very con dent
(d) False, and I am very con dent

652. True or False When solving a system of two homogeneous di erence equatsif one
eigenvalue is greater than one and one is between 0 and 1, thmre population will

grow without bound while the other declines.
(&) True, and | am very con dent

(b) True, but I am not very con dent

(c) False, but | am not very con dent

(d) False, and I am very con dent
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