MATH 330 HOMEWORK PROBLEMS FALL 2017
Algebra and calculus review
1. Solve for y in terms of t:
(@) gy =3t°+2 (©) p=7+2
(b) i =2t—3 (d) arctany = 5t — 4
2. Solve for y in terms of t:
(@) y>—2y=t+4 (c) 2 +2y° =8
(b) sin3y =4cost (d) In(y+1)=In(t+1)—2
3. Solve for y in terms of ¢; simplifying your answer as much as possible.
(@) iy =t (c) e¥=2 = 3el~!
(b) Iny =4Int+ 3 (d) e =et +1
4. Compute the following limits:
(@) tliglo e (c) hm Q—Eet
2t
(b) tlgioloe (d) hm 2+ o
5. Compute the following limits:
(@) lim (e_3t + 26_t) (c) lime’sint
t—o0 t—o0
(b) lim sin 2t (d) lime 2 cost
t—o00 t—o0
6. Find the derivative of each function:
(@) f(t)=3t2—Tt+5 (c) f(t) =t 4 4te?
(b) f(t) = (£ +3)° (d) f(t) = dte”
7. Find the derivative of each function:
(@) f(t) =sin4t (b) f(t) =etsin2t
8. Find the derivative of each function:
(a) f(t) = sin®(4¢?) (b) f(t) = €3 cosdt — 2¢3 sin 4t
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9. Find the first, second and third derivative of each function:

10.

11.

12.

13.

14.

15.

16.

17.

(@) f(t)=e?
(b) f(t) =sin4dt + cos4t

Compute the following integrals:

(a) [tdt
(b) [(3t*—2tT)dt

Compute the following integrals:

(@) [7dt
(b) [ §dt

Compute the following integrals:

(a) [12vtdt
(b) [ Vtdt

Compute the following integrals:

(a) [2sintdt
(b) J(sin3t + cost) dt

(c) f(t) =tcost
(d) f(t) = —te3t + 2e3

(c) [t~tat
(d) [t2dt

© [5adt
@) [ Ladi

(© [(VE+1)dt
(d) [Vi+1dt

© [z dt
(d) [ (11e* —18e 3t + 7e™") dt

Compute the following integrals. Your answer will have a ¢ in it.

(a) f(f(23+ 1)ds
(b) 25712 ds

() fot e *ds
d) f{tds

Compute the following integrals (using integration by parts):

(@) [te3tat

Compute the following integrals:

(@) [ p2gdt

Compute the following integrals:

(@) [ 5 dt

(b) [tintdt

(b) [sintcostdt

t

(b) [ & dt

FALL 2017
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18. Compute the following integrals:
@) [ =2t ) [ =2

19. Some sequences in mathematics are defined by a method called recursion: this means
that each term in the sequence is given by a formula which depends on previous
terms. For example, suppose you are given

Trog = 3 and Tn4+1 = 21’n.

Then you can find z1, x2, z3, ... by repeatedly plugging in to the second equation as
follows:

In each part of this problem, you are given a recursive formula and a value of zy.
Based on this formula, write down 1, 22, x3, and x4.

@ xo=1;2p11 = —2p (c) zog = 15241 = 2%

(b) zo = 18;&p41 = $2, + 3 (d) 2o =3; 2041 =2 — L2y,
20. Suppose z9 =0, 1 = 1 and zy, 2 = xn41 + 22,. Find 7.

Problems from Section 1.1

21. In each part, you are given an ODE and a possible solution of that ODE. Determine
whether or not the possible solution is actually a solution of the ODE.

Hint: Plug the possible solution in to both sides of the ODE and see if they are equal.

2 2
(a) ODE: % = 41 (c) ODE: &y — 4 — 9
Possible solution: y = 2t + 1 Possible solution: y = e* — 3¢~

(b) ODE: y/ +y =2 +2
Possible solution: y = sint + t2

22. In each part, you are given an ODE and a possible solution of that ODE. Determine
whether or not the possible solution is actually a solution of the ODE

Hint: To compute derivatives of the possible solutions, differentiate implicitly.

(2) ODE: G = § (b) ODE: % — 2

Possible solution: t> + y?> = 9 Possible solution: y —Iny — 1 = t2
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23. In each part, you are given an initial value problem and a possible solution of that
IVP. Determine whether or not the possible solution is actually a solution of the IVP:

y' = 6y { y' = 6y
a) IVP: b) IVP:
@ e g % ® y(0) = -1
Possible solution: iy = 25 Possible solution: iy = 2e5¢ + —3

24. In each part, you are given an initial value problem and a possible solution of that
IVP. Determine whether or not the possible solution is actually a solution of the IVP:

y' =t y' =)
a) IVP: { Y b) IVP: { Y
( y(4)=3 ( y(4) =3
Possible solution: t*> + 3> = 20 Possible solution: t* + y*> = 25

Problems from Section 1.2

25. Determine whether each of the formulas 7" given below defines a linear operator on
C*(R,R) (no proof is required, just write “linear” or “not linear”):

@ T(y)=y+t (©) T(y) =y" +ty' — (3sint)y
(b) T(y) = 4y ) T(y) = (y)* +2y — 4"

26. Suppose T is the linear differential operator defined by

T(y) — ety/// _ e—ty// + 641Ey/ - 2y

(a) What is the order of this operator? (c) Find T'(e?).
(b) Find T'(2¢Y). (d) Find T'(4).

27. Suppose T is the fourth-order linear differential operator defined by setting po(t) =
22, p1(t) = t3, p2(t) = 8t4, p3(t) = 0 and p4(t) = 2t® and using the formula given in
Definition 1.12 of the lecture notes.

(a) Write the formula for T'(y).
(b) Find T'(2t%).

In each part of Problems 28-31 you are given an ODE. For each equation:

(i) give the order of the equation;

(ii) give the number of arbitrary constants you would expect in the general solution;
(iii) classify the equation as linear or nonlinear;
(iv) if the equation is linear, determine whether or not it is homogeneous;

(v) if the equation is linear, determine whether or not it is constant-coefficient.

28. (a) % + 5t% - y2 = y7 sint (c) etﬂ/% + cos t‘c%’ =0
(b) 4y — cos y3 + y//// _ t2y// — ety// _ yz
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29. () 2% 4ty =3t — 2t (©) y® 4y =B
(b) y°+y = e
2 3 2
30. (a) 2y%Y — Y = (c) 2%¢ +4%¥ — 8% 4 6y =0
(b) et% + cost% =
31. (a) 8y” — 5y + 3y = 6ty” (0 L =2

(b) y(4) + y/// + y// + y/ +y= et

Problems from Section 1.3

32. Suppose that some quantity is changing as time passes so that the rate of increase of
the quantity is equal to 4.7 times the size of the quantity.

(a) Write the ODE represented by this model.
(b) Write the general solution of this ODE.

(c) Write the particular solution of this ODE corresponding to the situation where
you start with 5 units of the quantity.

(d) Write the particular solution of this ODE corresponding to the situation where
at time 3, you have 12 units of the quantity.

33. Suppose that y(t) is some quantity which grows at a rate proportional to its size.

(a) Suppose that initially, I have exactly twice as much of the quantity as you do.
After 50 years, will I have more than twice as much as you, exactly twice as
much as you, or less than twice as much as you? Explain.

(b) Suppose that initially, I have exactly one more unit of the quantity than you do
(we both have a positive amount). After 50 years, will the difference between
our holdings be greater than one, equal to one, or less than one? Explain.

34. The amount of money in a retirement account grows proportionally to the amount
of money in the account. Suppose initially that there is $100 in the account, and that
five years later, there is $118 in the account.

(a) Find a formula for the amount of money y = y(t) in the account ¢ years after the
account is opened.

(b) Find the (exponential) rate of growth of the account, expressed as an annual
percentage rate.

(c) Find the amount of money in the account thirty-five years after it is opened.

35. The half-life of a substance which decays exponentially is the amount of time it takes
for the substance to decay to half of its original amount. Carbon-14 has a half-life of
5730 years.

(a) Find the (exponential) rate of decay of carbon-14.
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(b) If you have 25 grams of carbon-14 now, how much will you have 20000 years
from now? (A decimal approximation is OK.)

(c) If you wanted to have 5 g of carbon-14 10000 years from now, how much should
you start with now? (A decimal approximation is OK.)

Problems from Section 1.4
36. Consider the ODE ' =t — 2y.

(a) Find four points (¢, y) where 3y = 0.

(b) Find ¢/ at the points (2, 3), (0,3), (0, —2), (2,2), (—2,0), (—1,0), and (-2, 1).

(c) Sketch the mini-tangent lines corresponding to the points used in parts (a) and
(b). (There should be one picture with all the mini-tangents on it.)

37. Consider the ODE ¢/ = & (y* + y* — 20y?).

(a) Use Mathematica to draw a picture of the slope field associated to this ODE, in
the viewing window [—8,8] x [—8, 8]. Attach a printout of this picture; please
label the picture “37”.

(b) Find the equation of three explicit solutions to this ODE.
(c) Let g(t) be the solution to this ODE passing through (-2, —3).
i. Find tliglo g(t).
ii. Find tl}r_noo g(t).
(d) Sketch (by hand) the graph of the solution to this ODE satisfying y(2) = 4 on
the picture you printed in part (a).

38. Consider the ODEy’ = & (y* — ty? + 2y* — 9y + 9t — 18), and let h(t) be the solution
to this ODE satisfying i (0) = 1.

(a) Use Mathematica to draw a picture of the slope field associated to this ODE, in
the viewing window [—6, 10] x [—8, 8], with the stream line for » shown. Attach
a printout of this picture; please label the picture “38”.

(b) Estimate h(3) and h(5).
(c) Estimate h/(2).
(d) Estimate all ¢ > 0 (if any) for which A(t) = 2.
(e) Estimate all ¢ > 0 (if any) for which h(t) = 6.
(f) Find tllglo h(t).
(g) Find tl}I—nm h(t).
39. Consider the initial value problem
{ Yy =y — arctant
y(0) = yo

where ) is a constant.
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(a) Use Mathematica to draw a picture of the slope field associated to this ODE, in
the viewing window [0, 10] x [—5, 5], with several stream lines shown. Attach a
printout of this picture; please label the picture “39”.

(b) Suppose you knew that yy was between 1.5 and 2.5. Is this information suffi-
cient to describe the qualitative behavior of y for large ¢ (i.e. to find tli)m y(t))?

Explain.

(c) Suppose you knew that yy was between 0 and 1. Is this information sufficient to
describe the qualitative behavior of y for large ¢ (i.e. to find tlim y(t))? Explain.
—00

Problems from Section 1.5
40. Consider the initial value problem
{ y =542t -3y
y(0) =5 '

Perform Euler’s method by hand (show your work) to compute (t1,v1), (t2,¥2),
(tg, yg) and (t4, y4) for At = 1.

41. Consider the initial value problem

Yy =5-1t+2
—9 :

Perform Euler’s method by hand (show your work) to estimate y(2), using four steps.

42. Consider the initial value problem

{ Y =5-3y

y(0) =2 '

(a) Use Mathematica to implement Euler’s method to estimate y(3), using At = .01.

(b) Attach a printout of the graph of the points obtained from Euler’s method in
part (a). Label the picture “42”.

43. Consider the initial value problem

(a) Use Mathematica to implement Euler’s method to estimate y(60) using 300 steps.

(b) Attach a printout of the graph of the points obtained from Euler’s method in
part (a). Please label the picture “43 (b)”.

(c) Based on the picture you get in part (b), do you trust your answer from part (a)?
Why or why not?

(d) Use Mathematica to implement Euler’s method to estimate y(60) using 3000
steps.



MATH 330 HOMEWORK PROBLEMS FALL 2017

(e) Attach a printout of the graph of the points obtained from Euler’s method in
part (d). Please label the picture “43 (e)”.

(f) Based on the picture you get in part (e), do you trust your answer from part (d)?
Why or why not?

(g) (Optional; extra credit) Explain thoroughly why you got the picture you did in
part (b). (Saying “I didn’t use enough steps” is insufficient; you need to describe
the particular properties of the vector field of this ODE that lead to the specific
picture you get in part (b).)

Problems from Section 1.6

44. Consider the initial value problem

{ yl —1— y3

y(0)=0 ~

(a) Use Picard’s method of successive approximations, with fyo(t) = 0, to find f (%),
fQ (t), and f3 (t)

(b) Graph f3 (for t > 0 only) as obtained in part (a). If you use a Mathematica graph,
label it as “44 (b)”.

(c) Plot the vector field associated to this ODE (viewing window [0, 4] x [0, 4]) with
the stream line passing through the given initial value; label the picture “44 (c)”.

(d) Based on your pictures, would you say that the function f3 obtained in part (a)
is, or is not, a good approximation of the solution y = f(t) of the IVP?

(e) Would it be reasonable to estimate y(4) by computing f3(4)? Why or why not?

45. Consider the initial value problem

(a) Use Picard’s method of successive approximations, with fo(t) = 0, to find fi (),
fo(t), f3(t) and fy(t).

(b) Based on your answers to part (a), write f(t) =lim f;(¢) as an infinite series.
j—00

(c) Recognize the infinite series from part (b) as being related to a “common” one,
and find a formula for f(t).
Hint: the series you get will probably have initial index 1, not 0. Take this into
account.

Problems from Section 1.7

In problems 46-50, assume that this is the phase line of some autonomous ODE ¢ = ¢(y):

——eft—> | <> >

-7 -2 3 6
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46. (a) Write the equation of one explicit solution of this ODE.
(b) Find all sinks of this ODE (if there aren’t any, say so).
(c) Find all unstable equilibria of this ODE (if there aren’t any, say so).
(d) Find all semistable equilibria of this ODE (if there aren’t any, say so).

47. (a) Suppose y(0) = 0. Find tli}m y(t).

(b) Suppose y(0) = —10. Find tlim y(t).

(c) Suppose y(2) = 5. Find tl}r_n y(t).

(
(
(
(d) Suppose y(—1) = 6. Find tiifjloo y(t)-

48. (a) Suppose y(0) = 4. Is y(t) an increasing function or decreasing function?
(b) Suppose y(0) = yo. For what values of yg is tli)m y(t) = —2?

(c) Suppose y(0) = yo. For what values of y is tli}m y(t) > 0?

49. (a) Sketch a (possible) graph of the function ¢.
(b) Sketch a (possible) slope field for this ODE.
(c) Sketch a graph of the particular solution of this ODE whose initial condition is
y(1) =0.
(d) (Optional; extra credit) Write down a formula for ¢ which would produce the
phase line shown before Problem 46.
50. For each quantity, determine whether the quantity is positive, negative or zero:

Hint: Your answer to Problem 49 (a) may be helpful.

@ o(=7) (© ¢(4) (e) ¢'(3)
(b) ¢(0) (d) ¢'(-2) () ¢'(6)

In each part of Problems 51-54, you are given an autonomous equation. For each equation:
(i) find all equilibria of the equation;
(ii) classify each equilibrium as stable, unstable or semistable;

(iii) sketch the phase line of the equation.

51. (@) ¥ =y*>—9 (b) % = 2cosy
52. (@) ¢y =¢eY—-1 b) y=e2-1
53. (a) G = 2yln(6/y) (b) ¥ =4’y —2)*(y +3)(y — 5)

Hint: In part (b) of Problem 53, graph the function, and estimate the values of its
derivative at the equilibria by looking at the graph.
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54. y' = ¢(y), where ¢ is a function whose graph is as follows:

55. Suppose that the population y of a certain species of fish in a given area of the ocean
(i.e. in a “fishery”) would be described by a logistic equation, if there was no fishing.
Since fish are delicious, we want to catch some of these fish so we can eat them. But
if we catch too many fish, the population may be driven to extinction. That would
be bad. This question deals with a model for managing the fishery (which is actually
used in the real world, by the way).

Let E be a constant which denotes the level of effort being put into fishing (the
greater E is, the harder people work at catching fish). It is reasonable to assume
that the rate at which they catch fish depends on the fish population y (because the
more fish there are, the easier to catch them). So a simple expression which can be
used to describe the rate at which fish are caught is E' times y. To model the fish
population including this effect, you adapt the logistic equation by subtracting the
rate at which fish are caught, leading to what is called the Schaefer model, used in
biology and environmental science. Here is that model:

(a) Find the two equilibria of this equation (in terms of the constants r, L and FE).

(b) Suppose E < Lr. What will the fish population be in the long run? Explain.
Hint: This has something to do with whether or not the equilibria you found in
part (a) are stable or unstable.

(c) Suppose E > Lr. What will the fish population be in the long run? Explain.

(d) A sustainable yield Y of the fishery is a quantity of fish that can be caught
indefinitely. It is the product of the effort E and the stable equilibrium fish
population corresponding to effort £. Find Y as a function of E (this is called
the yield-effort curve).

(e) Determine the value of £ which maximizes Y (and thereby produces the maxi-
mum sustainable yield).

Hint: Maximize the function Y (E) using the method you learn in Calculus 1.



MATH 330 HOMEWORK PROBLEMS FALL 2017

Problems from Section 1.8

In Questions 56 and 57, use the following bifurcation diagram for a parameterized family
of ODEs i/ = ¢(y;):

\‘ 10

56. (a) Find all values of r (if any) at which the family has a saddle-node bifurcation.
(b) Find all values of r (if any) at which the family has a transcritical bifurcation.
(c) Find all values of r (if any) at which the family has a pitchfork bifurcation.
(d) Sketch the phase line corresponding to the equation where r = 2.

(e) Find all equilibria corresponding to the situation where r = 6, and classify them
as stable, unstable or semistable.

(f) Suppose r = —2 and y(0) = 1. Find 1tli}m y(t).

57. (a) Suppose you know that r is somewhere between 5 and 7 and that y(0) > 0.
Can you accurately predict the long-term behavior of y(t)? If so, what is this
behavior? If not, why not?

(b) Suppose you know that r is somewhere between —7 and —6 and that y(0) is
somewhere between 1 and 5. Can you accurately predict the long-term behavior
of y(t)? If so, what is this behavior? If not, why not?

(c) Suppose you know that r is somewhere between 5 and 7 and that y(0) = —5.
Can you accurately predict the long-term behavior of y(t)? If so, what is this
behavior? If not, why not?

In each part of Problems 58-61 you are given a parameterized family of ODEs (r is the
parameter). For each parameterized family of ODEs:

(i) find all value(s) of r at which bifurcations occur;

(ii) classify each bifurcation as saddle-node, pitchfork, transcritical or degenerate;
(iii) sketch a bifurcation diagram for the family.
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58. (@) ¥y =y?>+6y+r b)) y =y>—r?
59. (@) ¢ =y+ 1.?;2 (b) v = (y* — r)(y* — 16)

60. (Optional; extra credit) y' = ry + y> — 3°
61. y' = f(y) + r, where f has the graph given below:

fly)

Hint: As r changes, how does the graph of f(y) + r change? What changes in this
graph “cause” a bifurcation?

Problems from Section 2.1

62. Find the general solution of each ODE:

@y —2y=0 b) 7' =y
63. Find the general solution of each ODE:

(@) ¥ =yVt (b) % =ycost
64. Find the particular solution of each IVP:

y'Int =¥ y'el +y = yel
(@) { y(e) =3 (b) { y(0) = 4

65. Suppose you know that y = 6¢%!sin 2¢ is a solution to some homogeneous, linear,
first-order ODE.

(a) Is y = 9¢* sin 2t also a solution of this ODE? Why or why not?
(b) Is y = 6e3! sin 2t also a solution of this ODE? Why or why not?
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Problems from Section 2.2

66. Solve each given differential equation or initial value problem, using the method of
integrating factors:

@ { y<0_> v (b) G =tet+1-y
y =

67. Solve each given differential equation or initial value problem, using the method of
integrating factors:

(a) ty/ —y = th—t (b) { t3yl + 4t2y — e—t
y(=1)=0

68. Solve each given differential equation or initial value problem:

() { y/(:)cos;%y (b) t%—&—Zy:sint
y(m) =20

Problems from Section 2.3

69. Suppose you have a first-order linear ODE, where y = 3e* sin 2t is a solution of
the equation and y = 2e* sin 2t is a solution of the corresponding homogeneous
equation. Write the general solution of the ODE.

70. Solve each given differential equation or initial value problem, using the method of
undetermined coefficients:

@) y +3y=e2 (b) Yy — 4y = 2cos 2t
y(0) = -3

71. Solve each given differential equation or initial value problem, using the method of
undetermined coefficients:

(@) Y +y=te* (b) v — 4y = 22 + 8¢
y(0) =24

72. Consider the ODE g/ + 7y = 20e~ "%,

(a) Find a nonzero solution of the corresponding homogeneous equation.

(b) Try the method of undetermined coefficients with guess y, = Ae~"'. Does this
work? Explain.

(c) Try the method of undetermined coefficients with guess y, = Ate~"'. Does this
work? Explain.

(d) Solve the ODE ' — 3y = 9¢*, by first solving the corresponding homogeneous
equation and then using the method of undetermined coefficients. To find the
appropriate formula to guess for y,, use the previous example in this question
as a guide.
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(e) For each given ODE:

(i) find the solution yy, of the corresponding homogeneous equation; and
(ii) write down what you would need to guess for y, to utilize the method of
undetermined coefficients.

You do not need to solve the equation.

iy +6y=ct iii. o/ + 6y = e

ii. y + 6y = e O iv. y —2y = e*

(f) Write down a general rule which tells you when your “normal” guess won't

work (when attempting the method of undetermined coefficients), and how to
adapt your guess so that it will work.

You are responsible for implementing this rule on Exam 1.

Problems from Section 2.4

73. Find the general solution of each ODE:
(@ v =ylt+1) (b) Z—Z; = secysint

74. Find the general solution of each ODE:
@) ¥ =y (®) ty' =1y

75. Find the general solution of each ODE; write your answer as a function y = f(¢).
(@) evy =4 (b) G = (ysect)’

76. Find the particular solution of each initial value problem; write your answer as a
function y = f(¢):

dy _ 1-2t yy =4t
dt b
@ { y(1) = -2 ®) { y(1) = -3
Ve — ot
77. (a) Solve the following initial value problem: { Z%) :1)2y =e

(b) (Optional; extra credit) Write your answer to part (a) as a function y = f(¢),
simplified as much as possible.

y(0) = 1 . Find f(4).

78. Lety = f(¢) be the solution of the initial value problem {

Problems 79-82 introduce some methods to solve second-order ODEs. A second-order
ODE always has the form

dy y\ _,
At dt? )

o(t,y,y,y") =0 aka. ¢ <t,y
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I'haven't said anything in class about how to solve second-order ODEs, but in two special
cases you can use a trick, together with our techniques for solving first-order ODEs, to
solve a second-order equation. You should be able to solve these types of second-order
equations on Exam 1.

e Case 1: The equation has no y in it, i.e. the equation is of the form

oty y") = 0.

To solve this, let v(t) = y'. Then y” = v'(t) so by substituting v for ¥’ and v’ for
y", the equation can be rewritten as ¢(¢,v,v") = 0. This rewritten equation is first-
order! Solve it for v, then integrate v to get the solution y(¢) = [ v(t) dt of the original
second-order equation.

e Case 2: The equation has no t in it, i.e. the equation is of the form

dy d*y
roonN 89 9 _
¢(y7y Y ) - 0 a'k‘a' ¢ (y7 dt7 dt2>

To solve this, pretend y is an independent variable and let v = v(y) = dy . Then

Py d dy d dv dy dv
e = Soly) = o
dt dt \ dt dt dy dt dy

This means you can replace fl;t’ with v and Z 7 with § dv a, v in the original equation to get

d
QS <y7 U? dZ,Z)) = O’

This is a first-order equation in v, which can be solved by usual methods to find
v = v(y). Then solve the equation % = v(y) (this equation is usually separable) to
find y in terms of ¢.

In Problems 79-82, solve the given second-order ODE or IVP. Write your final answer in
the form y = f(¢).

79. (a) t24 = 2% 49 (b) ty"e¥ =e¥ —1
% + 2 (%)Qtany =0 (b) y” = _Qt(y,)Q
80. (a) y(0) =
y'(0) =
81. (a) ¢ =—y (b) (v +1)y" =2y(y')*

Hint: In part (a), you will need the following integration rule, which you can use
without proof:

1 [y )
—————dy =arcsin| — | + D.
/\/C’—y2 Y <VC
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82. (a) ¥ — 2y = 12sint (b) v + 4y’ = 10e3
Hint: Combine this new technique with the method of undetermined coefficients.

Problems from Section 2.5

83. Determine whether or not each of the given differential equations is exact. If the
equation is exact, find its solution.

d
(@ (2t+3)+(2y—2)3 =
(b) (2t+4y)+ (2t —2y)y' =0
(c) (6tcosy—|—2(30$t)%—|—etsiny—2ysint:0

) _ etsiny+3y
(d) Y = 3i—et siny

84. Find the solution of each initial value problem:

2t —y +2yy’ —ty =0
@ {

y(1) =3
44+6t+ (Int)y' =0
(®) { y(1) =7

Note: this IVP could also be written as ¥ + 6t + (Int)y’ =0, y(1) = 7.
85. Consider the differential equation y + (2¢t — e¥)y’ = 0.

(a) Show this equation is not exact.

(b) Show that after you multiply through the entire equation by y, the equation
becomes exact.

(c) Solve the equation.

86. (Optional; extra credit) Find the general solution of the differential equation
d
(t+2)siny + tcosyd—z =0.

Hint: You have to figure out something to multiply the equation through by to make
the equation become exact.

Problems from Section 2.6

In Problems 87-92, use the following setup: A nitric acid solution flows at a constant rate
of 6 L/min into a large tank that initially holds 200 L of a 0.5% nitric acid solution. The
solution inside the tank is kept well stirred, and flows out of the tank at a rate of 8 L /min.
The solution entering the tank is 20% nitric acid. Let y(¢) be the amount (i.e. volume) of
nitric acid in the tank at time ¢ (where ¢ is in minutes).

87. (a) Determine the volume of solution in the tank as a function of ¢.

Hint: The tank starts with 200 L of solution; 6 L of solution flows in per minute
and 8 L of solution flows out per minute.
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(b) Draw a compartmental diagram (with boxes and arrows) representing this sit-
uation (the compartment should be y(t)).
WARNING: The “rate out” is tricky. To get this, you have to multiply the rate
at which fluid flows out of the tank by the concentration of fluid in the tank;
the concentration of fluid in the tank has to take into account the fact that the
volume of fluid in the tank is not constant.

(c) Write an initial value problem which models this setup.

(d) Using the initial value problem you wrote in part (c), use Euler’s method with
At = 1 to estimate the amount of fluid in the tank at time 60.

(e) Using the initial value problem you wrote in part (c), use Euler’s method with
At = .001 to estimate the amount of fluid in the tank at time 60.

88. (a) Use Mathematica to sketch the slope field for this differential equation, with the
stream line corresponding to y(t) included. Use the viewing window [—5, 100] x
[—5,50]. Attach a printout of your slope field, labelled as “88 (a)”.

(b) Based on your slope field, estimate the amount of nitric acid in the tank at time
20.

(c) Based on your slope field, estimate all times ¢t where there is exactly 10 L of nitric
acid in the tank.

(d) Based on your slope field, estimate the maximum amount of nitric acid that is
in the tank at any one instant.

(e) Based on your slope field, estimate the time when the amount of nitric acid in
the tank is maximized.

89. Solve the IVP of Problem 87 (c), writing your answer in the form y = f(¢).

Hint: Use integrating factors.

90. (a) Have Mathematica sketch the graph of the solution you obtain in Problem 89
(where 0 <t < 100). Attach a printout of this graph, labelled as “90 (a)”. (Check
that the graph you get is consistent with the picture you obtained in Problem 88
(a); if it isn’t, something is wrong.)
(b) Use your answer to Problem 89 to find the exact value of y(60).

(c) Find a decimal value of the value of y(60), and compare it to what you got in
parts (d) and (e) of Problem 88. Were those estimates accurate?

(d) (Optional; extra credit) Find the exact answers (not decimal approximations) to
the questions asked in parts (d) and (e) of Problem 88.

91. (a) Find a formula for the concentration of nitric acid at time ¢.
Hint: This is tricky, because you have to divide the amount of nitric acid in the
tank by the volume, and unlike the example in class, the volume of solution in
the tank is not a constant.

(b) Have Mathematica sketch the graph of the function you obtain in part (a) (where
0 <t <100). Attach a printout of this graph, labelled as “91 (b)”.
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92.

(c) From the graph produced in part (b), estimate the first time ¢t when the solution
in the tank is 10% nitric acid.

(d) (Optional; extra credit) Find the exact value of the first time at which the solu-
tion in the tank is 10% nitric acid.

Suppose you wanted to know how much nitric acid was in the tank at time 150. I
claim that this is not computable by figuring y(150). Why not? What is the amount
of nitric acid in the tank at time 150? What is the concentration of nitric acid in the
tank at time 150? Explain your answers.

In Problems 93-96, use the following setup: A parachutist has mass 75 kg. She jumps out
of a helicopter (assume her initial velocity is 0) which is 2000 m above the ground, and falls
toward the ground under the influence of two forces: gravity (which is 9.8 m/sec?) and air
resistance (drag coefficient 30 N sec/m).

93.

94.

95.

(a) Draw a free body diagram representing this situation.

(b) Write an initial value problem which models this situation. Set the problem up
so that v > 0 corresponds to downward motion.

(c) Sketch the phase line for the equation you wrote in part (b).

(d) What is the terminal velocity of the parachutist (assuming she never pulls her
rip cord)?

(e) Use Mathematica to sketch the slope field for this differential equation, with the
stream line corresponding to v(t) included (use the viewing window [—5, 50] x
[—5,50]). Attach a printout of your slope field, labelled as “93 (d)”.

(a) Solve the IVP you wrote down in Question 93 (b).

(b) Use Mathematica to sketch the graph of v(t) (use the viewing window [—5, 50] x
[—5,50]). Attach a printout of this graph, labelled as “94 (b)”. (Check that this
graph is consistent with the slope field obtained in Problem 93 (e); if it isn't,
something is wrong.)

(a) Find a formula which gives the parachutist’s height above the ground at time ¢.

Hint: In Problem 94 (a), you found the parachutist’s velocity at time ¢. You know
what the parachutist’s height at time 0 is (that is given in the setup). How do
you get from an object’s velocity back to its position (the parachutists” height is
like her position)?

WARNING: Keep in mind that v > 0 corresponds to the parachutist falling,
given how we have set this problem up.

(b) Her parachute is set to open automatically when her velocity reaches 20 m/sec.
How many seconds after she jumps out of the helicopter will her parachute
open? (A decimal answer is OK; it might be useful to have Mathematica solve an
equation here.)

(c) How high above the ground will she be when her parachute opens? (Again, a
decimal answer is OK.)
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96. (Optional; extra credit)

(a) After the parachutist’s chute opens, assume that the forces affecting her velocity
are gravity (still 9.8 m/sec?) and air resistance (but now, the drag coefficient is
90 N sec/m rather than 30 because the chute provides greater air resistance).
How many seconds after her parachute opens will she hit the ground? (A deci-
mal answer is OK.)
Hint: To solve this question, you need to write an appropriate initial value prob-
lem, and then solve it.

(b) What will her velocity be when she hits the ground? (A decimal answer is OK.)

(c) Graph the parachutist’s velocity against elapsed time, starting at ¢ = 0 (wWhen
she jumps out of the helicopter) and ending when she hits the ground.

97. A bottle of champagne is originally at room temperature (70°). It is chilled in ice
(32°). Suppose that it takes 15 minutes for the champagne to chill to 60°. How long
(including the original 15 minutes) will it take for the wine to reach 46°? (A decimal
answer is OK, but you need to actually solve the equation... don’t rely on pictures or
Euler’s method.)

Hint: This is a heating and cooling problem with U(t) = H(t) = 0, so this is closely
related to Example 1 on page 92 of the Fall 2017 lecture notes.

98. Choose one of problems (a), (b):

(@) An RC electrical circuit (see page 96 of the lecture notes) with a 1 (2 resistor and
a 10~ F capacitor is driven by a voltage Eg(t) = sin 2¢ V. If the initial capacitor
voltage is zero, find:

i. the voltage across the capacitor at time ¢;
ii. the voltage across the resistor at time ¢ (to get this, apply Kirchoff’s voltage
law to the answer to (i); and
iii. the current at time ¢ (to get this, apply Ohm’s law to the answer to part (ii).
(b) AnRL electrical circuit (see page 97 of the lecture notes) with a 1 2 resistor and a

.01 H inductor is driven by a generator whose voltage at time ¢ is Fg(t) = sin 2¢
V. If the initial current across the inductor is 0, find:

i. the current at time ¢;
ii. the voltage across the resistor at time ¢ (to get this, apply Ohm’s Law to the
answer to (i); and
iii. the voltage across the inductor at time ¢.

Problems from Section 3.1

99. In each part, you are given a system of first-order ODEs and a possible solution of
that system. Determine whether or not the possible solution is actually a solution of
the system.

Z'(t) = 3z — 2y . [ x(t) =8e? + et
(a) { POSSIBLE SOL'N: { D) — 402t 4 9t

y'(t) =2z -2y



MATH 330 HOMEWORK PROBLEMS FALL 2017

x(t) =2cos 11t + 2sin 11t

() =x+ 3y T
(b) { POSSIBLESOLN: ¢ 7 — “(™

'(t) = —da —

100. In each part, you are given an IVP, together with a possible solution. Determine
whether or not the possible solution is actually a solution of the IVP.

()—2.@ {L‘(t): 20,-2t _ 2.t

(a) IVP: v (t) = 2 — POSSIBLE SOL’N:{ T8 8,
y0) - (2 —3) M

2/(t) = £ = B2t _ 2.t

(b) IVP: y(t) = — POSSIBLE SOL’N:{ z(t) = 3% o 5%
yO) - (2.3 =T e

101. In each part, you are given a set of parametric equations y(t). For each set of para-
metric equations:

(i) Write the set of parametric equations out, coordinate by coordinate (see the an-
swers if you don’t understand what this means).
(ii) Find the values of y(0), y(1) and y(2).

(@) y(t) = (t* - 2,t +3) (b) y(t) = (2t,5t, =7t)

In each part of Problems 102-104, you are given a set of two parametric equations of the
form y(t) = (z(t),y(t)). For each set of parametric equations:
(i) Use the following command in Mathematica to sketch the graph of these parametric
equations in the zy-plane:

ParametricPlot [{formula for x(t), formula for y(t)},
{t, -100, 100}, PlotRange -> {{xmin, xmax}, {ymin, ymax}}]

This command plots the graph of the parametric equations in the viewing window
[xmin, xmaz]| x [ymin, ymaz]. You are responsible for choosing an appropriate view-
ing window for each set of equations (I'd start with [—10,10] x [—10,10] and then
zoom in or out as necessary).

(ii) Print the graph you get in Mathematica (labelling it with the problem number/letter).

(iii) On the graph you print, draw (by hand) an arrow on the curve indicating the direc-
tion of motion.

(iv) Indicate (by hand) the point on the graph corresponding to ¢ = 0 by drawing a thick
point and labelling that point “t = 0.

102. (a) y(t) = (cost,sint) (b) y(t) = (et,3e7t)

Hint: In Mathematica, e is E, not e.
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103. (a) y(t) = (e’ cos2t, e’ sin 2t) (b) y(t) = (—2sin3t, cos 3t)
104. (a) y(t) = (3¢€,e?) b) y(t) = (4etii-0e*t’ 2et;86*t)

Problems from Section 3.2
105. Consider the initial value problem
¥=x—y
Yy =2z+y
y(0)=(2,1)

Perform Euler’s method by hand (show your work), to compute the points (¢1,y1),
(t2,y2) and (t3,y3) when At = 1.

106. Consider the initial value problem
' =—y
y =z
y(0) = (3,0)

Perform Euler’s method by hand (show your work) to estimate y(2), using four
steps.

107. Consider the initial value problem

{ =z +2y
{ y'=-3z+y

Use Mathematica to implement Euler’s method to estimate y(4), using 1000 steps.

108. Consider the initial value problem

' = —4x — 8y
Yy = 8x + 4y
y(0) = (1,1)

(a) Use Mathematica to implement Euler’s method to estimate y(30), using 10000
steps.

(b) Attach a printout of the graph of the points obtained from Euler’s method in
part (a) (use the viewing window [—10, 10] x [—10,10]). Label the graph “108
(b)l/‘

(c) Based on the picture you get in part (b), describe (in your own words) the qual-
itative behavior of the solutions as ¢ increases.

109. Consider the initial value problem

{ 2’ = -3z — 6y
/

y = 6x — 3y

{ y(0) =(=8,7)
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(a) Use Mathematica to implement Euler’s method to estimate y(50), using 1000
steps.

(b) Attach a printout of the graph of the points obtained from Euler’s method in
part (a) (use the viewing window [—10, 10] x [—10,10]). Label the graph “109
(b)”.

(c) Based on the picture you get in part (b), describe (in your own words) the qual-
itative behavior of the solutions as ¢ increases.

110. Consider the initial value problem

¥=—y—z
y x
y(0) = (1 -1)

(a) Use Mathematica to implement Euler’s method to estimate y(5), using 5 steps.

(b) Use Mathematica to implement Euler’s method to estimate y(5), using 100 steps.

(c) Based on what you get in part (b), would you say your answer to (a) is accurate?
Why or why not?

(d) Use Mathematica to implement Euler’s method to estimate y(5), using 1000 steps.

(e) Based on what you get in part (d), would you say your answer to (b) is accurate?
Why or why not?

(f) Use Mathematica to implement Euler’s method to estimate y(5), using 10000
steps.

(g) Use Mathematica to implement Euler’s method to estimate y(5), using 100000
steps. (This took my computer 34 seconds to run.)

(h) Suppose you needed an approximation of y(5) correct to two decimal places.
Based on what you have done in this problem, is it sufficient to use Euler’s
method with 10000 steps? Explain.

(i) If you needed an approximation of y(5) correct to three decimal places. Based
on what you have done in this problem, is it sufficient to use Euler’s method
with 10000 steps? Explain.

Problems from Section 3.4

In Problems 111-117, use the following matrices and vectors to compute the indicated
quantities. If the quantity does not exist, just write “does not exist”.

=(03) () e (WA e=(0 1Y)

1 -3 0 4.0 0 1 0 0
G=|2 2 -5 H=|0 4 0 J=|0 -1 0
4 1 -2 00 -2 0 0 -1

_ cos2t  sind3t . ot t . o 7t
K = ( Asin2t —sin3t ) x = x(t) = (e’ cost, e’ sint) z = z(t) = (sint, 2 cos 3t,4e'")
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111. (a) the trace of C'
(b) the trace of G
(c) 3A
(d) 2A-B+C
(e) A — 21 (Hint: I is not given above. You should know what [ is.)
(f) C — M (your answer should be in terms of ), the Greek letter “lambda”.)

112. (a) K’ (c) AB (e) Ax
(b) z'(t) (d) G? (f) BCx
113. (a) AK (b) D? (c) J® (d) H3

114. (a) H" (your answer should be in terms of n).
(b) (Dt)" (your answer should be in terms of n and ¢).

115. (a) A1 (b) c! (c) AB'A
116. (a) det A (b) det D (c) detG
117. (a) det(A — \I) (b) det(B — AI)

Hint: Your answers should be in terms of \.

118. (a) Is the matrix A given before Problem 111 a diagonal matrix?
(b) Is the matrix H given before Problem 111 a diagonal matrix?

Problems from Section 3.7

119. For each given set of functions, compute the Wronskian. Then, determine whether
or not the functions are linearly independent.

@) fi(t) =12 +5t, faot) = 12 — 5t
(b) f1(t) = €3, fo(t) = 30D
(©) fi(t) =1, folt) =t, f3(t) =t

(d) fi(t) =sinz, fo(x) = cosz, f3(x) = sin 2z, fy(x) = cos 2z
Hint: To compute a 4 x 4 determinant, use Mathematica (there’s also a command
which computes the Wronskian of a set of functions directly).

120. Show that the Wronskian of the functions f (t) = (ef, 2e'—e™7, 3¢e?), f2(t) = (4e’, e, 0)
and f3(t) = (—2¢!,4et — 3e7t, 6€') is zero. Then show these functlons are linearly de-
pendent by finding constants c1, c2 and c3 (not all zero) such that ¢ f; +cofa +c3f3 = 0.

121. (a) Prove that if a and b are different constants, then ¢ and e” are linearly inde-
pendent.

Hint: Compute the Wronskian of the two functions in terms of a and b.
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122.

123.

(b) Prove thatif a, band care three different constants, then {e%, e, e} is a linearly
independent set.
Hint: Compute the Wronskian of the functions, and then use Mathematica to
factor the Wronskian using the Factor [ ] command. This will explain why the
Wronskian is not equal to zero.

Note: the facts proved in this problem generalize: if a1, ..., a4 are different constants,
then {e®? et ... e%'} is alinearly independent set. (You should remember this fact,
so you don’t have to re-verify it over and over.)

(Optional; extra credit) Prove that for any constants a and b (with b # 0), the func-
tions e sin bt and e cos bt are linearly independent.

Suppose that y,(t) = (2%, -3¢, %) is a solution of some linear system Ay’ +
Apy = q, and suppose that the solution of the corresponding homogeneous system
Ay’ + Agy = 01is

2 1 )
yrt)=Cret | =3 | +Coe”® | —1 | +C3ef [ 1
0 4 0

(a) How many equations comprise this system?

(b) Write the general solution of this system in vector form.

(c) Write the general solution coordinate-wise.

(d) Write the particular solution corresponding to C; = 3, C; = —2 and C3 = 2.
(e) Find the value of y(3) for the solution found in part (d).

(f) Find the value of z(2) for the solution found in part (d).

(g) Find the particular solution satisfying y(0) = (1,4, 2).

Problems from Section 3.8

124.

Consider the system of ODEs

' =x+ 4y
y=z-2y

For each point (z,y) below, compute the value of % at that point. Then sketch the
mini-tangents corresponding to those points (there should be one picture, with all
the vectors on it; each mini-tangent should have an arrowhead on it, drawn in the
manner of the example on page 138 of the Fall 2017 lecture notes).

(1,0) (0,2) (0,-2) (—3,0)

(1,3) (—2,-3) (3,—1) (—3,2)
(—2,2) (-1,1) (1,-1) (2,—-2)
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125.

126.

127.

128.

129.

For each given initial value problem, use Mathematica to sketch the slope field of the
system and the graph of the solution of the IVP (the intent here is for you to use
Command 3 from the file phaseplanes.nb). Label your pictures with the problem
number /letter:

{ ' =3y
y =z
(@) { 2(0) = —2
y(0)=3
Note: this system of IVPs could also be written y’ = (3y, z); y(0) = (-2, 3).
b) ¥’ = (v —zy,z +2y* — 2%y); y(0) = (1,0)
Same directions as the previous problem:

(@) y' = (ysin(z +y),ze™™7Y); y(0) = (1,-1)
b) vy = 2zy,x —2y+2%3); y(2) = (-1,2)

Find all equilibria of each autonomous system of ODEs:
(@) ¥ = (y* — 3y — 4,2z + 3y) Gy =@—zy*+ay—4)
Find all equilibria of each autonomous system of ODEs:
=4z —y {17/:(95_2)(11+3)
a b
@ {2, Vv =-ne+y

Consider the system of two ODEs:

¥ =x-3
Yy =2-2y
(a) Use Mathematica to draw the phase plane (not the slope field) for this system

(use the viewing window [—8, 8] x [—8, 8] and ask Mathematica to draw at least
200 solution curves). Print this picture, labelling it as “129”.

(b) Onyour picture, sketch the graph of the solution to this system satisfying y (0) =
(0,4).
(c) Either by looking at your picture or by doing some algebra, find all constant
functions which solve the system.
(d) Suppose y(0) = (0, —5). In this situation:
i. Is z(t) an increasing function, a decreasing function, or a constant function
of ?
ii. Is y(t) an increasing function, a decreasing function, or a constant function
of t?
iii. Whatis lim x(t)?
t—»00
iv. Whatis lim y(¢)?
t—r00

(e) Suppose y(1) = (5,5). Answer the same questions (i)-(iv) as in part (d).
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(f) Suppose y(0) = (3, —2). Answer the same questions (i)-(iv) as in part (d).
130. Consider the system of two ODEs:

=4y —zy—x+4
Yy =2r—azy—y+2

(a) Use Mathematica to draw the phase plane (not the slope field) for this system
(use the viewing window [—10,10] x [—8,8] and ask Mathematica to draw at
least 200 solution curves). Print this picture, labelling it as “130”.

(b) Either by looking at your picture or by doing some (nontrivial) algebra, find all
constant functions which solve the system.

(c) Suppose y(0) = (7, 7).
i. Which of these statements best describes the behavior of x(t) in this situa-
tion?
A. z(t) increases for all ¢
B. z(t) decreases for all ¢
C. initially, 2(t) is increasing, but then it becomes decreasing
D. initially, z(t) is decreasing, but then it becomes increasing
ii. Which of these statements best describes the behavior of y(¢) in this situa-
tion?
A. y(t) increases for all ¢
B. y(t) decreases for all ¢
C. initially, y(¢) is increasing, but then it becomes decreasing
D. initially, y(¢) is decreasing, but then it becomes increasing

(d) Suppose y(1) = (1, —6). Answer the same questions (i) and (ii) as in part (c).

(e) Suppose y(0) = (8,9). Answer the same questions (i) and (ii) as in part (c).

(f) Let E be the set of points (zg,yo) such that tli)rgo x(t) = 4if y(0) € E. On the
picture you obtained in part (a), shade the set of points which belong to E.

131. A biologist is studying the population of two species, X and Y. He lets x(t) and y(?)
represent the population of these species at time ¢, and based on his biology research,
he comes up with a system of ODEs modeling this situation. He asks Mathematica to
sketch a picture of the phase plane for this system, and Mathematica produces this:

1000

| WUJ/
.t

200 400 600 800 1000

5
]
3
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(a) Suppose that the current population of species X is somewhere between 700
and 800, and that the current population of species Y is somewhere between
800 and 900. Based on this model, can the biologist say what will happen to the
population of these species in the long run? If so, what will happen? If not, why
can’t he tell?

(b) Suppose that the current population of species X is somewhere between 400
and 500, and that the current population of species Y is somewhere between
200 and 250. Based on this model, can the biologist say what will happen to the
population of these species in the long run? If so, what will happen? If not, why
can’t he tell?

(c) Suppose that the current population of species X is somewhere between 600
and 700, and that the current population of species Y is somewhere between
400 and 600. Based on this model, can the biologist say what will happen to the
population of these species in the long run? If so, what will happen? If not, why
can’t he tell?

132. (Optional; extra credit) The observed growth of tumors can be explained by the fol-
lowing mathematical model. Let N(t) be the number of cells in the tumor at time ¢
(so the bigger NN is, the worse the tumor is). Some of the cells in the tumor “prolif-
erate” (i.e. they split to make more cancerous cells, growing the tumor); let P(¢) be
the number of proliferating cells in the tumor at time ¢. The functions P and N are
modeled by the following system of ODEs:

P ' =c¢P—r(N)P
N'=cP

where c is a positive constant and r : R — R is an increasing function which repre-
sents the rate at which proliferating cells become non-proliferating (c and r depend
on things like the type of cancer, the patient’s age, weight, height, sex, etc.). Suppose
that a patient starts with a tumor consisting of one proliferating cancerous cell (so
that the initial condition is P(0) = 1, N(0) = 1) and suppose that ¢ = 30.

For each of the following functions 7(/V), determine the long-term size of the tumor,
i.e. the number of cancerous cells the patient will end up with in the long run.

(@) 7(N) = N? © r(N)=VNIN
(b) r(N) =N (d) r(N)=InN

Based on what you observe in parts (a)-(d), describe (in English) some property (or
properties) of the function r and the long-term size of the tumor.

Hint: in parts (a)-(d), have Mathematica sketch the phase line starting at the point
(1,1) for the appropriate system(s), and figure out where each solution curve ends.
Problems from Section 3.9

Note: In Problems 133-136, you can (and probably should) use Mathematica to check your
answers, but I want to see all the steps worked out by hand.
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133. Compute the exponential of the following matrix:

(5 3)

134. Find the general solution of this system of ODEs:

¥=x+y
y =dz+y

135. Find the particular solution of the system

{ y = 2z —y,3x — 2y)
y(0) = (-6,4)

136. Find the general solution of this system of ODEs:

' = 4x — 3y
y = 8x — 6y

137. Consider the 2 x 2 system of ODEs y’ = Ay where

a=( 5 L)

(a) Find the eigenvalues and eigenvectors of A.

(b) Find a basis of the solution set, and verify that the functions in this basis are
linearly independent by computing their Wronskian.

(c) Find the general solution of the system y’ = Ay.

(d) If y = (z,y) is any solution of the system y’ = Ay, find tlggo x(t) and tllglo y(t).
(e) Find the Cartesian equation(s) of all straight-line solutions of the system.

(f) Find the particular solution of y’ = Ay satisfying y(0) = (2, —1).

(g) For the solution found in part (f), find (the exact values of) y(2) and y(—2).

y' = Ay
Y(O> = (17 3, _2)

3 0 -1
A= -2 2 1 .
8 0 -3

(a) Use Mathematica to find the particular solution of this system (recall that the
command MatrixExp[ ] computes matrix exponentials).

138. Consider the 3 x 3 initial value problem { where

(b) Based on the solution you got in part (a), what are the eigenvalues of the matrix
A? Explain how you answered this question by looking at the solution to part

(a).
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139. Use Mathematica to find the general solution of each following system of ODEs:
(a)

(b)
¥=r4+y+=z
Yy =2z+y—=z
2= —8x —5y— 3z
(c)
w' = 20w — 101z — 80y — 52
' =Tw—Te — 28y — 282
y = —14w — 49x + 56y — Tz
2 = 3w — Thx — 12y + 362

Problems from Sections 3.11 to 3.14
140. Find the general solution of this system of ODEs:

' =3z — 2y
y =dr—y

141. Find the particular solution of this initial value problem:

{ y' = (z — 5y, 2 — 3y)
y(0) = (1,1)

142. (a) Find the general solution of this system of ODEs:

{x’sz—ély
y=z-y

(b) Write the Cartesian equation(s) of any straight-line solutions of this system.

143. Find the particular solution of this initial value problem:

{ :( 4y,4x—7y)
y(0)=(3,2)

144. Find the general solution of this system of ODEs:

x =2z —y + 8
Y = 3z — 2y + 20e?

x(t) = something

Write your answer coordinate-wise, i.e. as ) .
y(t) = something
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145. Find the particular solution of this initial value problem:

{ y' = (-3x+2y,z — 2y + 3)
y(0) = (1,2)

146. Find the general solution of this system of ODEs:

x' = 2x — 5y — cos 3t
Yy =x — 2y + sin 3t

Write your answer coordinate-wise.

147. Suppose you are given a system of ODEs y’ = Ay where A has the indicated proper-
ties. Write the general solution of the system (write each answer coordinate-wise):

(a) Aisa4 x4 matrix with the following eigenvalues and eigenvectors:

3 2 0 0
0 1 0 3
A=-3¢& 1 A=2< 3 A=4 & 0 A= —06<« 5
4 1 1 1

(b) Aisa3x3matrix with eigenvalues A = 2and A = 4 (A = 4isrepeated twice). An
eigenvector corresponding to A = 2is (1, 5, 0) and an eigenvector corresponding
to A =41is (1,2, —1). A generalized eigenvector for A = 41is (0, 3, —4).

(c) Ais a4 x 4 matrix with eigenvalues A = 3 £+ 2i and A = 0 (A = 0 is repeated
twice). An eigenvector corresponding to A = 3 + 2iis (1 — 4,1 + 24,4,0) and an
eigenvector corresponding to A = 0is (1,3,—2,4). A generalized eigenvector
corresponding to A = 01is (0,1, 4, —2).

148. Find the solution of each system (using Mathematica to compute quantities as neces-
sary). Write the answers coordinate-wise, and simplify them as much as possible. In
particular, your answers should not contain i.

T=y+z
@3y =at>
d=x+y
(b) { y = (=452 — 90y — 452,162 — 116y — 4z, 762 — 191y — 2442)
y(0) =(1,3,-2)
© { = (y1 — Y2 + Y3, 2y1 — 22 + 3Y3, 3Y1 — Y2 + Y4, 3y1 — Y2 — 2y3 + Y4)
y(0) =(2,0,1,-1)

Hint: use the ExpToTrig[ ] command, then the Simplify[ ] command to get
rid of the imaginary numbers in part (c).

Problems from Section 3.15

In Problems 149-151, find and classify the equilibria of each autonomous system. Your clas-
sification should be specific (i.e. your answer should be “saddle”, “stable node”, “unstable
node”, “stable spiral”, “unstable spiral” or “center”).



MATH 330 HOMEWORK PROBLEMS FALL 2017

¥ =2r+y—3 ¥=-2y—z-1
149. (a){y,:x+4y+1 <b>{y,_$+3

x—(x—l)(4+y) ' =e% — eV
150. (a) { A ®) § y— 2o

151. (a) The system whose phase plane is

(b) The system whose phase plane is

)\
=7

ZiNiz

Problems from Section 3.16

152. Consider a 2 x 2 autonomous system y’ = ®(y); let yo be an equilibrium of this
system. Classify the equilibrium y( based on the given information:
(a) trD®(yo) = 8 and det D®(yo) = 1.
(b) trD®(yo) = —3 and det D®(yo) = —2.
(c) trD®(yo) = —6 and det DP®(y() = 3.
(d) trD®(yo) = 0 and det D®(yo) = 4.
153. Consider the 2 x 2 system y’ = Ay where A is a 2 x 2 matrix with constant entries.
Classify the equilibrium at the origin based on the given information:
(@) trA=—-landdet A =T.
(b) trA =5and det A = —1.
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(c) trA =2and det A = 3.
(d) trA =0and det A = —6.

Problems from Section 3.17

154. Two large tanks (call them X and Y) each hold 100 L of liquid. They are intercon-
nected by pipes which pump liquid from tank X to tank Y at 3 L/min and from tank
Y to tank X at 1 L/min. A brine solution of concentration 0.2 kg /L of salt flows into
tank X at a rate of 5 L/min; the solution flows out of the system of tanks via two
pipes (one pipe allows flow out of tank X at 2 L/min and another pipe allows flow
out of tank Y at 2 L/min). Suppose that initially, tank Y contains pure water but tank
X contains 40 kg of salt; assume that at all times the liquids in each tank are kept
mixed.

(a) Draw a compartmental diagram which models this situation.

(b) Write an initial value problem modeling the situation, where x(¢) and y(t) rep-
resent the amount of salt in tanks X and Y respectively, at time ¢, and y = (z,y).

(c) Use Mathematica to draw a picture of the vector field for your system, with the
solution curve to your initial value problem indicated. Use the viewing window
[0,60] x [0, 60]; attach a printout of this picture, labelled as “154 (c)”.

(d) Based on your picture from part (c), estimate the amount of salt in tank X at the
instant when tank Y has 10 kg of salt in it.

(e) Estimate the amount of salt in each tank 8 minutes after the initial situation by
having Mathematica implement Euler’s method with 10000 steps.

(f) Solve the initial value problem you wrote down in part (b). Write your answer
coordinate-wise.

(g) Have Mathematica graph the functions z(¢) and y(t) on the same axes (in the
viewing window [0, 100] x [0, 60]). The appropriate Mathematica commands are
x[t_]1 = whatever formula you get for x(t)
ylt_] whatever formula you get for y(t)

Plot [{x[t],y[t]}, {t, O, 100}, PlotRange -> {0,60}]
Attach a printout of these graphs (labelled as “154 (g)”). Make sure you indicate
which graph is z(t) and which is y(t).

(h) Find the amount of salt in each tank at time 8 (I want both the exact amount and
a decimal approximation). Compare your answer to part (e); how accurate was
your estimate in part (e)?

(i) Find the concentration of salt in tank X at time 8.

155. In this problem, we explore a model (called the Gause competitive exclusion model)
which describes how the populations of two species behave, when the species are in
competition for the same resource. Let X and Y be two species whose populations at
time ¢ are z(t) and y(t), respectively, where x and y satisfy the system of differential
equations

¥ =rxx(Lx —x — ay)

y = (I)(Y) ak.a. { y/ = T’yy(LY —Yy— 51’)
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In this setting, « is a nonnegative number called the competition coefficient of Y on
X; it measures the degree to which increased numbers of species Y negatively impact
the ability of species X to survive. Similarly, 8 > 0 is the competition coefficient of X
onY.

(@) If « = B = 0 (i.e. the species are not in competition), the populations of X
and Y change according to what model? In light of this, what do the constants
rx, Ly, my and Ly represent?

(b) This system of ODEs has four equilibria: three of them are (0,0) (i.e. both
species are extinct), (0, Ly) (species X is extinct), and (Lx,0) (species Y is ex-
tinct).

i. Find the fourth equilibrium.
ii. Explain why this fourth equilibrium is called the coexistence equilibrium.

(c) Find D®(0,0). Compute the eigenvalues of D®(0,0) and show that (0,0) is an
unstable equilibrium.

Hint: a matrix is called triangular if all the entries below its diagonal are zero,
or if all the entries above its diagonal are zero. The eigenvalues of a triangular
matrix are always its diagonal entries.

(d) Find D®(0, Ly). Compute the eigenvalues of D®(0, Ly ) (the hint of part (c) is
useful).

(e) Based on your computations in part (d), show that (0, Ly ) is a stable equilibrium
if and only if o > ﬁ—x

Y

(f) Find D®(Lx,0). Compute the eigenvalues of D®(Lx,0).

(g) Based on your computations in part (f), show that (L x, 0) is a stable equilibrium
if and only if 5 > %

(h) Suppose that neither (0, Ly ) nor (Lx,0) are stable.

i. Show that the following three inequalities hold:

Lx —aLy >0 BLx — Ly <0 af—1<0

ii. Compute D® at the coexistence equilibrium.

iii. Compute and simplify det D® and tr D® at the coexistence equilibrium
using Mathematica.

iv. Use the inequalities described in part (i) to show that the coexistence equi-
librium must be stable.

(i) If the two species occupy the same ecological niche (i.e. they eat the same food,
live in the same places, etc.), then it is reasonable to assume that § = é For
example, if X and Y are species of beetles where each Y beetle eats twice as much
grain as each X beetle, then o would be 2 and 3 would be 1. What happens to
the coexistence equilibrium in this case? What does that mean about the two
species?

156. In the SIR model we studied in class, we assumed that the disease acted quickly
(before any births or deaths could occur). Now let’s assume that the disease acts
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more slowly, so that we can account for births and deaths in our model. Let:

S = the population of the susceptible class (as before)
= the population of the infective class (as before)
R = the population of the recovered class (as before)
b = the birth rate (assume this is constant)
= the death rate due to factors other than the disease
¢ = the death rate due to the disease
= the rate at which infections take place

= the rate at which infected patients recover

This leads to the following compartmental diagram:

y

b BIs vl
— S — | — R

v r

Note that we can no longer assume that S + I + R = 1, because the total population
may change as time passes.

(a) Write the system of differential equations for S, I and R. (In the rest of this
problem, we will call this system y’ = ®(y) wherey = (S,I, R).)

(b) There is one equilibrium of the system which has the form (S#,0,0), where
S# £ 0 (this is called the disease-free equilibrium; it represents the situation
where no one has the disease). Find S7 in terms of the variables listed above.

(c) Find D®(5%,0,0), and have Mathematica compute the eigenvalues of this ma-
trix.

(d) Show that the disease-free equilibrium is stable if and only if b < d(c + d + 7).

(e) There is a second equilibrium called the endemic equilibrium (because in this
situation the disease persists), which has the form (S*, I*, R*). Find S*, I* and
R* in terms of the variables listed above.

(f) Find D®(S*, I*, R*) and have Mathematica compute the eigenvalues of this ma-
trix.

(g) Show that the endemic equilibrium is stable if and only if 50 > d(v + ¢ + d).

(h) Explain why your answers to parts (d) and (g) make sense, given what the vari-
ables in the problem mean.

Problems from Section 4.1

157. Rewrite this third-order ODE as a first-order system of the form y’ = Ay +q. Be sure

to carefully identify what y, A and q are.
y" —4y" + 7y — 8y = cost
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158. Rewrite this second-order system of equations as a first-order system of the form
y’ = Ay + q. Be sure to carefully identify what y, A and q are.

x” +22' =3y +4x =0
y' -2 +4y Tz +3y =0

Problems from Section 4.2
159. Find the general solution of each differential equation:

(@) v" — 8y +12y =0 () ¥y +11y" + 30y =0
(b) v = -7y + 18y

160. Find the general solution of each differential equation:

@) y'+4y +11y=0 (¢) v — 12y +36y =0
(b) " +9y' =0

161. Find the general solution of each differential equation:

(@) v/ — 4y — 21y = e () y' —25y =t
(b) 3 +y =sin2t

162. Find the particular solution of each initial value problem:

y' =8y + 15y =0 y' +4y +4y =0 y' +2y +5y =0
(@ q y(0)=3 (b) ¢ v(0)=—6 (© ¢ w0)=1
y'(0) =2 y'(0)=-1 y'(0)=0

163. Find the particular solution of this initial value problem:

y" — 16y + 63y = €'
y(0) =11
y'(0)=-5

164. Find the general solution of this differential equation:
y(5) + y(4) N 4y/// B 8y” B 32y/ . 48y —0.

Hint: use Mathematica to factor the characteristic equation.

Problems from Section 4.4

165. (a) Explain why the o on page 223 of the lecture notes must be negative.

(b) Explain why the A\; and Ay on page 223 of the lecture notes must both be nega-
tive.
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166.

167.

168.

Consider a 12 kg mass attached to a fixed point by a spring (like the picture on the top
of page 220 of the notes). If the spring constant is  N/m and the damping coefficient
(i.e. coefficient of friction) is 2 N sec/m, and the entire system (at time ¢) is subject to
an external force of 257 cos 2t N, find the position of the mass at time ¢. Assume that
at time 0, the mass has no initial velocity but is 8 m to the right of where it would be
at rest.

Consider a coupled mass-spring system like the one pictured at the top of page 226
in the notes. Assume that m; = 6 kg and mo = 2 kg, and the spring constants are
k1 = 3N/mand ky = 2 N/m. If the first mass is displaced 4 m left of its equilibrium
position and the second mass is displaced 2 m right of its equilibrium position, and
then the masses are released with no initial velocity:

(a) Find the position of each mass at time ¢.

(b) Assuming that the spring between the two masses is 10 m long at rest, have
Mathematica sketch a graph showing the positions of the masses at time ¢ in
the viewing window [0, 50] x [—5,20] (attach a printout of this graph, labelled
as “168”). The vertical axis should be scaled so that height 0 corresponds to
the first mass being at equilibrium, as in the second picture on page 228 in the
lecture notes.

To graph two functions at once; see Problem 154 (g) for the appropriate com-
mands.

Suppose that three identical springs, each with spring constant £ = 3 and two iden-
tical masses, each of mass 12, are attached in a straight line, with the ends of the
outside springs fixed. Here is a picture of the system:

k=3 k=3 k=3

Suppose that the masses move along a frictionless surface; let x(¢) and y(t) be the
displacement of the masses at time ¢, where + = 0 and y = 0 correspond to the
system being at rest, and positive values of x and y indicate displacement to the
right.

(a) Write down a second-order system of differential equations describing the sys-
tem (coming from Newton’s laws).
(b) Convert the system from part (a) to a first-order system of equations.

(c) Find the general solution of the system you wrote down in part (a).

Hint: Use Mathematica to find eigenvalues and eigenvectors for the system you
obtained in part (b).
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(d) Suppose that initially, the left-hand mass starts at z = 2 and the right-hand mass
starts at y = —1, and that both masses have an initial rightward velocity of 1.
i. Find z(¢) and y(¢) in this case.
ii. Graph z and y on the same axes (see Problem 154 (g) for the appropriate
Mathematica commands); attach a printout of this graph, labelled as “168
(d)”. You are responsible for choosing a reasonable viewing window.

iii. Find the positions of the masses (i.e.  and y) when t = 3.
169. Consider an undamped pendulum of length 2 m and mass 45 kg.

(a) Write the undamped pendulum equation in this case.
(b) Write the linearization of the equation you wrote in part (a).
(c) Find the general solution of the linearized equation you wrote in part (b).

(d) Suppose that at time 0, the pendulum is at angle § = .05 radians and has an-
gular velocity —.3 radians/second. What is the largest angle obtained by the
pendulum as it swings?

Hint: Find the particular solution corresponding to these initial conditions; one
aspect of this particular solution gives the answer to the question.

170. (Optional; extra credit) Consider the linearized double pendulum equation (coming
from page 231 of the lecture notes; repeated here for convenience):

(m1 4+ ma)l107 + mala0y + (my + m2)ghy =0
mglgeg + m2l19’1’ 4+ maghs =0

(a) Rewrite this system of two second-order equations as a first-order system of
four equations y’ = Ay.
Hint: To get started, pretend this is a system of two equations in the two vari-
ables 67 and 63 and solve for those two quantities in terms of the other variables.

(b) Use Mathematica to find the eigenvalues and eigenvectors of the matrix A, and
write the general solution of the equation y’ = Ay you wrote in part (a).

(c) Write the formulas for 6, and 6-.

171. A series RLC circuit (as in page 233 of the Fall 2017 lecture notes) has a voltage source
given by Es(t) = 10 cos 20t volts, a resistor of 22, an inductor of % H, and a capac-
itor of % F. If the initial current is zero and the initial charge on the capacitor is 3.5
coulombs, find the current in the circuit as a function of time t.
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Selected answers

1.

2.

10.

12.

14.

15.
16.

18.
19.
20.
21.
22.
24.
25.

28.

(b) y= 53

@ y=vi+t3+1
(© y=+5V8—12

(©0y=2+mn3+t—-1
(a) oo
(b) O

(@) f'(t

)

@ f'(t)
f// t) _ 46—2t

f’”(t) - _ —2t

(@) %tZ +C

72t

(b) 343 +C

(© 232 +t+C

(@) 2+t

(b) 4Vt —4

(b) %+ 3t Int +C

(@) 3In(2—a) -
(b) 1sm t+C

sIn(2+2)+C

@ 2 +(t—-1)+2l(t—-1)+C

@ x1=—Las=1Lxs=-1Lx4=1

(a) not a solution
(a) solution
(a) not a solution

(a) not linear
(b) linear
(b) order 4;

4 constants in gen. sol'n;
nonlinear

29.

32.
34.
35.
37.

38.
40.
41.
46.

47.
50.

51.
52.
53.
55.

(a) order 1;
1 constant in gen. sol'n;
linear;
not homogeneous;
not constant-coefficient

(d) y=
(c) $318.55.

2 64'7t

(c) 16.7621 grams.

b)) y=4,y=0,y=-5

b

@

(ta,y4) = (4,61).

y(2) ~ 33.

(@) There are four possible answers:
y=-7y=-2,y=30ry=>6.

(b) y = —2is the only sink.
(a) —2

@ (-
(c) ¢(4) is positive
d) ¢'(-
(a) y = —3isstable; y = 3 is unstable

7) is negative

2) is negative

(a) y = 01is unstable

(a) y = 01is unstable; y = 6 is stable

rL—e

(@) y=0and y =
(e) E=3rL
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57.

58.

62.
63.
64.
66.
67.
70.
71.
72.

74.

75.
79.
80.
81.
82.

101.

102.

105.

(@) Yes;if 5 <r < 7and y(0) > 0 we
know that tlim y(t) = 0, so the
—00

long-term value of y is zero.

(a) There is only one bifurcation at
r = 9; it is a saddle-node bifur-

cation.
(@) y = Ce?t
(b) y = Cesint
@)y =3Int

(@) y = 7e? — 3¢t
(@y=—te '+ Ct
(@) y = Ce 3t 72

— 4t 142 9 9

—

(@ yp=e"

(b) No; on the left-side you get 0
which cannot equal 20e~"".

(d) y = Ce’ + 9te™

(@) $y*=1iln(d+t3)+C
(b) y =557t

(@) y =In(4t + C)
(@y=0Ct3—t+D

(a) y = arctan(Ct + D)
(a)y =Ccost+ Dsint

(@y=0Ce? -2t -3t2 -t + D

83.

84.
85.
87.

88.

89.
90.

91.

93.

94.

95.

96.

99.

(a) Exact; solutionis 3% —2y+t>+3t =
C

(b) Not exact
(@) y? —ty+t2=17

(€) y’t —yeY+e¥=C

(a) 200 — 2t
4
(©) { y' = % ~ 00
y(0) =1
(e) 15.0017

(d) Ymaz =~ 20
(e) t=35

y = Z2(t —100) — 2% (t — 100)*.

(b) f(60) = %5L°.

() =2 (100—)— 3% (100—¢)*

200—2¢
(c) t~ 20.
& =982y
dt 75
®) { 2(0) = 0
(d) 24.5

_ 49 _ 49 —(2/5)t
U—2 26 .

(@) h(t) = %45 _ 479,5 _ 23756—(2/5)t‘
(b) t=2In% ~ 4.2365.

7
f— 15111@

14
In 1o

~ 49.0466

(a) solution

(b) not a solution

(i) y(0) = (=2,3); y(1) = (=1,4); y(2) = (2,5).

(a) Use this code (all executed in one cell):
ParametricPlot [{Cos[t], Sin[t]}, {t, -100,100},

PlotRange —-> {{-2,2},{-2,2}}]

You will find that the graph is a circle.

(tl,}’l) = (17 (3a6)); (t2a}’2) = (27 (07 18)); (t?n}’S) = (37 (*18736))'
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107. The z-coordinate when ¢t = 4 is 92.1414.

109. (a) y(50) =~ (—6.531-107%5,5.708 - 10~%°) ~ (0, 0).

(b)

110. (d) y(5) ~ (.515676, .362851, .326229).

(e) No, when more steps are used, the coordinates of y(5) change significantly.

ey 113. (b) <208 >
© < 3 ) 1 0 0
(©) (0 1 0)
© <? > 00 1
(5
() (4 A L )\) 115. (a) Iy
116. (a) 17
—2sin2t  3cos3t B
2. @ ( 8 cos 2t —3(:033t> (b) —2
2
(b) (cost,—6sin3t,28¢™) 117. (a) \* — 8A + 17
) ( -3 11 ) (b) Yes

119. (a) W(t) = 20t%; the functions are linearly independent (since W (1) # 0).
(c) W(t) = 2; the functions are linearly independent (since W (0) # 0).

121. (a) First, compute the Wronskian:

eat ebt eat ebt
W(t) - det( (eat)/ (ebt)/ > - det( aeat bebt )
_ be(a-‘rb)t _ ae(a-i—b)t
=(b— a)e(‘”b)t.

Since a # b, W (t) # 0, so the functions e* and " are linearly independent, as
desired.

124. dy -1 dy _ =1, dy -1 dy

_ -1, dy 1 . .
2 | 1 0) - P R PR 27 dr|_yy The slope field with
these four mini-tangents is:
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125. (@ ©)

127. (a) (—6,4) and (2, —1)
128. (a) (%, )and( =1 1)

129, (0) y(t) = (3,1).
(d) i z(t)is decreasing
ii. y(t) is increasing
iii. tliglo z(t) = —o0

iv. tliglo y(t) =1
135. y = Clet(l) + Cge_t(l)

137. (0)y = Cle_4t( ) + Coe™ ot (2)

t—3 int
141 = (e tccoosst ee tssmt)
_ (3e 3t4dte 5t
143 - (26_5t+4te—3t)
144, z(t) = 4e* + Crel + Cae™!
y(t) = 8e* + Cyet + 3Coe™
y1(t) = 3C1e 3t 20,
147, Y2 (t) = 20262t + 3046_&
yg(t) = Clefst — 30262t + 50467615
y4(t) = 4016_3t + 02€2t + 0364t + 046_6t
z(t) = Cre? — Coe™t — Cze™!
148. (a) { y(t) = Cre? + Cze~t
z(t) = Cre?t + Coe™?
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149. (a) The only equilibrium is (1, =2), which is an unstable node.

151. (b) There are four equilibria: (2,0) (stable node), (5,0) (unstable saddle), (5,4) (un-
stable node) and (2, 4) (unstable saddle).
152. (a) Unstable node
(b) Unstable saddle
(c) Stable node
{ = 5;53: + @y +1

154. (b) { Y = 1552 — To0Y
y(0) = (40,0)

155. (a) When @ = 8 = 0, the populations of X and Y behave according to logistic
models.

(b) i. The fourth equilibrium is (aLaE:fX 8 La )é:fy )

rxLx 0
0 TyLy
ry Ly, both of which are positive, so (0, 0) is unstable.

(c) D®(0,0) = ( > The eigenvalues of this matrix are rx Lx and

rxLx —arxLy 0
d) D®(0,Ly) =
@ (0, Ly) ( —pBryLy —ry Ly
—ry Ly < 0; the other is Tx(LX — OALy).

). One eigenvalue of this matrix is

(e) If a > %, then Lx — aLy < 0 so both eigenvalues of D®(0, Ly ) are negative,
in which case (0, Ly) is stable.

(i) In this case, there is no coexistence equilibrium (since the denominators in the
coexistence equilibrium would have to be zero).

156. (b) S* =°¢

—d -85 0
0
o(L = ;
(C) D (daoao) 0 s—C—d—’}/ 0 ’
0 ¥ —d

the eigenvalues are —d (repeated twice) and 2 (b3 — d(c + d +7)).

x _ crdty. 7x _ bB—d(ctd+y). px _ y(bB—d(ct+d+7))
(€) 5% =5 I" = Tamy + /"= Tdcrary

y 0 1 0 0
157.y=| ¢ |;A=( 0 0 1 |;q= 0 .
y” 8 -7 4 cost

159. (a) y = Cre? + Cyelt.
160. (a) y = C1e* cos (ﬁt) + Cye? sin (ﬁt)
161. (a) y = et + Cre™ + Coe 3L

162. (a) y = %eg’t — %e5t.
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165. (a) If you convert the second-order equation ma”(t) + ba'(t) + kz(t) = 0 to a first-
order system via reduction of order, the system becomes

x’z(ok 1b)X:AX.
m m

We have tr(A) = _ﬁb <0Oand det A = % > 0. Since the trace is negative and the
determinant is positive, the equilibrium 0 is either a stable spiral or stable node,
so both of its eigenvalues must have negative real part.

166. 2(t) = 5535 cos 2t — Z20% sin 2t — %ef'ﬁ/ﬁ + %e*t/g.

z(t) = =20 cos (t\/g) _ 12 00 (L)
167. (a) ot 3727608 (t 3)2 s 1787608 (\;S

"__ o
168. (a) { 1227 = =3z + 3(y — 2) (or something equivalent to this)

12y" = =3(y —z) — 3y
. x(t :lcosi+§cosﬁ+2sini
d i 2 2 T2 2 2
: t

y(t):%cos%—%cosgthsini

169. (a) 0"+ %2 sing = 0.
(b) 0"+ %80 = 0.

(d) %%9 radians (which is about 0.1444).

171. 1(t) = %cos 2t — %sin 2t — %e*‘lt cos 6t — %6*4'5 sin 6.
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1. The Snowplow Problem: Suppose that one morning it starts snowing hard, but at
a constant rate. A snowplow sets out at 9 AM to clear a road. At 11 AM, it has
cleared 15 miles, and at 1 PM, it has cleared an additional 10 miles. When did it start
snowing?

To solve this problem, carry out the following steps:

(a)

(b)

(©)

(d)

(e)

(f)

Let ¢ be the time, measured in hours, with ¢ = 0 corresponding to 9 AM. Let
h = h(t) be the height of the snow at time ¢. We will assume the rate of snowfall
is constant, and equal to r. Write down a differential equation which could be
used to solve for h(t), if there was no plowing.

Solve the equation from part (a) for h in terms of ¢ (there will be an arbitrary
constant; let’s call this constant B so everyone is using the same notation).

Let z(t) be the distance the snowplow has travelled at time ¢. It is reasonable to
assume that the deeper the snow is, the slower the snowplow has to travel. A
simple mathematical model for this is to assume that the velocity of the snow-
plow at time ¢ is inversely proportional to the height h(t). Use this to write a
differential equation satisfied the function x(t) (let’s agree to use the letter & for
the proportionality constant).

Solve the differential equation of part (c) to obtain a formula for z(t) (let’s agree
to call the arbitrary constant that appears here D).

Use the initial conditions of this problem (given before part (a)) to solve for B,
D and k.

Answer the original question: when did it start snowing? Round your answer
to the nearest minute.
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2. The Solar Collector Problem: Suppose you want to design a solar collector which
will concentrate the sun’s rays at a point. The collector will be in the shape of a curve
y = f(z), and the point we want to concentrate the rays at will be (0,0). Suppose
that the sun is located at the extreme positive z-axis, and that the light coming from
the sun hits the collector, travelling in a horizontal path (see the picture below).

y

. -~
tangent line to collector .-~

prd
-
-

-7 6 <—— rays of sunlight

(a) From physics, the law of reflection for rays of light says that angles v and § are
equal. Use this, together with some facts from high-school geometry, to explain
why 8 = 2a.

(b) From calculus, the slope of the tangent line at (z,y) is g—g. Use this to explain

why g—x = tan a. Using similar logic, find tan 3 in terms of x and y.

(c) Use the double-angle identity for tangent (look this up via Google if you don’t

know it) to show that

d
y_ 2@
X

=—d
d
- (#)
(d) Solve for % in the above equation to show that the curve must satisfy

dy —x+4 /22 +y>?
dr Y ’

(e) Solve the equation obtained in part (e) of this problem.

Hint: To solve this equation, you need a trick. Start by letting u = 2% + y?
and differentiate implicitly to obtain a formula for 2 in terms of z, y and %.

Use this formula, together with the equation from part (d), to write a separable
differential equation of the form % = something. Then solve this equation for

u = u(x), and use that to recover y in terms of z.
(f) What shape are the solutions?



