Do 2, 6, 10, 22, 28, 34
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A= ONdihatis L — Qwhent =0,

urrent flows when
the initial value problem is

It is reasonable to assume that no ¢
E/R. The solution of

so we have 0 = E/R+CorC=—
= l_)~Rt/L
(-

Notice that because e—(R1/L) - Qast — +00, We have

. 1 E —Rt/L
Jim 1= w5 (=50
Ea-0

R

The solution of the

E
e current / must approach R

This means that, in the long run, th
h are given special names:

differential equation consists of two parts, whic

E
R is the steady-state current.

E _riL ;. .
==¢ is the transient current.

]
¢ current in an
constant EMF

Figure 7.9 shows how the current [ (t) varies with time 7.

ial equations in Problems 1-10.
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o In Problems 1518, find the orthogonal trajectories of the given
family of curves. Recall from Section 5.6 that a curve is an or-

dy .
0=~ 1 (secix)y = siml 2x
dx
thogonal trajectory of a given family if it intersects each member

)y = sinx

14, solve the initial value problems. A graphical - ¢
a5 a check for your work. Qflharfamtly at right angles.
; 15. the family of parabolas y? = 4kx
) T'vv - s a
12. dy + 5 _ —sinx 16. the family of hyperbolj\s Rt
dx I+ x° 17. the family of circles x“+y =1
wnhv:lwhenx:() o - e -
S e 18. the family of exponential curves y = Ce
\§ ’; :, i Modeling Problems. In Problems 19-30, set up and solve an ap-
A propriate model to answer the given question. Be sure o state your
""" NZYN B
E; { A assumptions.
A1 19. In 2000 the gross domestic product (GDP) of the United States
g was $9,382 billion (in constant 1996 dollars). Suppose the

growth rate from 1999 to 2000 was 6.42%. Predict the GDP

in 2010.
20. In 1992 the gross domestic prod
in constant 1996 dollars was

uct (GDP) of the United States
$6.803 billion. Suppose the
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1S correct.
According to the Department of Health and Human Services,
the divorce rate in 1990 in the United States was 4.7% and
there were 1,175,000 divorces that year. How many divorces
will there be in 2005 if the divorce rate is constant?
According to the Department of Health and Human Services,
the marriage rate in 1990 in the United States was 9.8% and
there were 2,448,000 marriages that year. How many mar-
riages will there be in 2005 if the marriage rate is constant?
A tank contains 10 1b of salt dissolved in 30 gal of water. Sup-
pose 2 gal of brine containing 1 1b of dissolved salt per gallon
runs into the tank every minute and that the mixture (kept uni-
form by stirring) runs out at the same rate.
a. Find the amount of salt in the tank at time 7.
b. How long does it take (to the nearest second) for the tank
to contain 15 Ib of salt?

In Problem 23, suppose the tank has a capacity of 100 gal and
that the mixture flows out at the rate of 1 gal/min (instead of
2 gal/min).
a. How long will it take for the tank to fill?
b. How much salt will be in the tank when it is full?
The rate at which a drug is absorbed into the blood system is
given by

db ;

dr o= pb
where b(t) is the concentration of the drug in the bloodstream
at time t. What does b(¢) approach in the long run (that is, as
t — +400)? At what time is b(f) equal to half this limiting
value? Assume that b(0) = 0.
An RL circuit has a resistance of R ohms, inductance of L
henries, and EMF of E volts, where R, L, and E are constant.
Suppose no current flows in the circuit at time t = 0. If L
is doubled and E and R are held constant, what effect does
this have on the “long run” current in the circuit (that is, the
current as t — +00)?
The 1990 census recorded a population of 16.1 million His-
panics, while in 2000 the figure was 32.8 million. Assuming
that the rate of population growth is proportional to the popu-
lation, predict the Hispanic population in the year 2005.
A population of animals on Catalina Island is limited by the
amount of food available. Studies show there were 1,800 ani-
mals present in 1980 and 2,000 in 1986 and suggest that 5,000
animals can be supported by the conditions present on the is-
land. Use a logistic model to predict the animal population in
the year 2005.
In 1986 the Chernobyl nuclear disaster in the Soviet Union
contaminated the atmosphere. The buildup of radioactive ma-
terial in the atmosphere satisfies the differential equation

dM k
—=r|l--M), M =0whent =0
dt r

where M = mass of radioactive material in the atmosphere
after time ¢ (in years); k is the rate at which the radioactive
material is introduced into the atmosphere; r is the annual de-
cay rate of the radioactive material. Find the solution, M (),
of this differential equation in terms of k and r.

line. Assume that the only forces actingom
earth’s gravitational attraction mg and air e§
call g = —32 ft/s?.)

a. According to Newton’s second law,

dv A
m— =mg — ki
dt §

Solve this equation, assuming the obje
vg = 0 attimer = 0. ’
b. Find the distance s(t) the body has fallen
si=0attime ¢’=10
c. If the body weighs W = 100 Ib and k
does it take for the body to reach the g o
of 10,000 ft?

Recall from Section 5.6 that a tank filled with W

rate

v
ARV |
dt

where h is the height of water at time t (in secol
area (in ft*) of the drain hole. This formula, calle
is used in Problems 31 and 32.

il

32.

33.

34.

A full tank of water has a drain with area 0
has a constant cross-sectional area of A =3
ho = 4 ft, how long does it take to empty? *
A full tank of water of height 5 ft and consta
area A = 3 ft* has two drains, both of areali
is at the bottom and the other at height 2 ft.
take for the tank to drain? :

The Euler Beam Model For a rigid beam with
the deflection y(x) is modeled by the diff
y® = —k, where k > 0 is a constant and
distance along the beam from one of its e
v(0) = y(L) = 0, where L is the length of{h
YO =y L) =0
a. Solve the beam equation to find y(x).
b. Where does the maximum deflection ocg
maximum deflection?
¢. Suppose the beam is cantilevered, so that
and y”(0) = y'(L) = 0. Now where do
deflection occur? Is the maximum deflect
than the case considered in part b? Woul
graph of the deflection y = y(x) to becg
cave down on [0, L]? Prove your conje
Modeling Problem A tank initially contains 3|
of solution. At time ¢ = 0, brine begins toei
rate of 2 ft* /h, and the mixed solution drais
The brine coming into the tank has concentt

C(t) =1 - 1/t

t hours after the dilution begins.

a. Set up and solve a differential equationv
salt §(¢) in the solution at time ¢.

b. How much salt is eventually in the tank{
c. At what time is S(r) minimized? What
amount of salt in the tank?





