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Modeling Situations with Differential Equations Name:
Period:

Punctured Tire Problem

pressure msnde ’rhe tire is drr‘ecﬂy propor"rlonal o ‘rha’r pressure.

igleq odeis this si’rua’rion,' )

‘
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b) EVGIuaTe The, _DFOpoF 1onall Y. constant if the pr'essur'e was 35 pss
decr‘easmg at 0.28 psi/min at fime zer‘o.,

4[’ s ~02f =L (38 k&=
3: 38 " |
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\/) What will THe pressure be at 10 min after the tire was punc’rured9 :

/9 5 32, 3/ /.S‘z ,

%é/) The car is safe to drive as long as the tire pressure is 12 pSt or, grem‘_
how long after the puncture will the car be safe to drive?

/f /J’f 8 M

Bacteria Problem

Bacteria in a lab culture grow in such a way that the instantaneous. m’reo
of bacteria is directly proportional to the number of ba_cTer'ia p'r'e's"e it

a) Write a dlfferenhai equation ’rhaT expresses the r‘eFa’nonship Sep
variables and integrate the ¢ equation, solving the number of bacTem :
function of time.

% o)

L[F-RCH  he-strc®




= K S miffron K_
b) Suppose that initially there are 5 million bacteria. Three hours la er, ’rhe
VA
number has grown to 7 million bacteria. Write the particular equation
expresses the number of millions of bacteria as a function of the number- of

s, B, O Ao rof 9 4=8C
S QW 3 ZQ% 5y Fo32 ./f 4%
3

\/c) Whaf will the bac’rerla population be one full day af’rer the first
| measuremen’r?

;8-75’.5' millon . = /3

Mﬂ) When will the population reach 1 billion ?

=473 A,

Dam Leakage Problem

Flows in at

3 =
Ffti/h) WYy in lake (520

A new dam is constructed across Scorpion Cluch(Figure).
The engineers need to predict the volume of water in the lake.
formed by the dam as a function of time. At time 1=0 days,
the water starts flowing in a fixed F, in cubic ft/h.
Unfartunately, as the water level rises, some leaks out. The | X.‘
Leakage rate, L, in cubic f/h, is directly proportional 1o the volume ef water, W, in
cubic ft, present in the lake. Thus, the instantaneous rate of change of W i is equal 3
to F-L, - , Adw (77 Jrader

: “ /2 ih the ke

: F‘ a. Write a differential equation that expresses dW/dt in terms of F, W, and 1.
- F. Foer

P 0 (4’_@ A ke I733
L - &7 V4r)

b. Solve for W(ﬂf/cr'ms of 1;using the initial condmon Wz=0 when 1=0. ,_/' R 4, !"a;e
/fa f 3
2y gy Ax /-‘ -M/ 7 /%)

c. The engineérs know thdt water is flowing in at F =50001° /4. Based on
geological considerations, the proportionality constant in the leakage
equation is assumed to be 0.04/h. Write the equation for W, subs’rﬁu’rmg

the quantities. ,K
0. 0%
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Name: Group Members:

Exploration 7-2a: Differential Equahon

for Compound Interest -

Date:

Obijective: Write and solve a d:ffereniicl equation for the amount of money in a savings

account-as a funclion of time.

When money is left in a savings account, it earns interest
equal to a certain percent of what is there. The more
money you have there, the faster it grows. If the interest
is compounded continuously, the interest is added to the
account the instant it is earned.

1. For continucusly compounded interest, the
instantaneous rate of change of money is directly
proportional to the a.mount of money. Define
variables for time and mopey, ahd gmté' A,
dlfferenugel eq!mnog‘expressmg this fact.

a‘z‘w £ ?( ¢
1 Tme
L Lyre)

3

2. Separate the variables in the differential equation
in Problem 1, then integrate both sides with respect
to 1. Transform the integrated equation so that the
amount of money is expressed exphcnl} in ierms
of time. .:-, . . .

v -z¢'t‘ S ,,/,9‘_ ﬂdz’
,& tsptrC /,/__-7@14 e¢

B 3. = 4
- ....‘ o -

PO ~ ".-

3. The mtegrated equatmn frqm Problem 2 wﬂl contam
e r.a1§ed*to a power contalmnginvo terms. Write thxs -
power as a product of two dlfferent powers of e, one |

that contains the time variable and one that contams I

no variable.
A= C¥

PV

4. You should have the expression ¢ 1w your answer to 7

Problem 3. Explain why e*is always positive.

A ,pa.r ﬁrw Aumiu }w*.so,c,

B ﬁ?/ ,Mmr Vi ﬂ%;ﬁ‘*

* 5
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ey
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5. Replace e with a new constant, C,. If C; is allowed
to be positive or negative, explain why you no longer
need the * sign that appeared when you removed the
absolute value in Problem 2.

hro Gt pe0f /’"5”'

A1<o " Lol A= Q- Iepatice -,

_ 6. Suppose that the Shoutitsof money is $1000 when

*time equa]q Zero,. Use»tH;s xmual condmon to "
< evaluate C1 e -

L d ,Q@“ 7000

7. 1 the interest rate is 5% per year, then
- d(money)/d(time) = 0.05(money)in d,ollars per L e
" year. What, then, does the propOrhonahty ct)nstant . s

., _in Problem 1 equal?
=0.08¢ . . .

& . M . , B 3
8. How much money will be in the dccourit aftér 1 yeds? - N
-+, 3 Years? 10 years? 50 years? 100 years? Do the
computations in the most time-efficient manner.

Brefi.o0? /‘ﬂfoo)
Aior o & lgab. 72
iso)x f12,/81.49

9. How long would it take for the amount of money to
double its initial value? : i

e L2

S ————

0.08

10. What did you learn as a result of doing this

Exploration that you did not know before?

e
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me: Group Members:

xploration 7-3a: Differential Equation Dote:

o - Memory Retention

bjevrive: Write and solve a differential equation for the number of names remembered

a function of fime.

| Member is a freshman at a large university. One

ening he attends a reception at which there are many
smbers of his class whom he has not met. He wants to
edict how many new names he will remember at the end
the reception

1. Ira assuitiés that he’ Tnéets pebple at a, constam rates
of R people per Hour Unfortuné‘telv he forgets * -
names &l a rale,proportional 1 ¥, th?'ﬁ"ur'ﬁﬁe‘r"he
remeimnbérs. The more hie remefaber; the faster-he-. .

« forgetst Let t be the number of hours he has been at
the reception. What does dy/dt equal? (Use the letter
k for the proportionality constant.) f: ﬁN

// R lons
= R4
; f'__g; .

2. The equation in Problem 1 is a differefitial equation
because it has differentials in it. By algebra, separate
the variables so that all terms containing y appear
on one side of the eqguation and all terms containing
t appear on the other side.

IC K- z,)"ly fa’f
/Q/R-Zi/ =~k '!"C,

3. Intefraté boﬁgsides of the edhation mﬁroblém 2
Yo should be ablé to make the integral of the
", Fegiprocdl fianctign appear on the side contalping y:ce

] :

F

4. Show that the solution in Problem 3 can be
transformed into the form

ky=R-Ce™

where ¢ is a constant related to the constant of”
integration. Explain what happens to the absolute
value sign that you got from integrating the

reciprocal function.
i—i /J -

(people /e moets)

Armeg

Ly=R-AC

0 when t = 0 1o evaluate

o A=p

5. Use the initial condition v =
the constant C.

k0= R-AL°
£ (l1-0*)

6. Suppose thatﬁ meets ‘100 people per hour, and
that he forgets at a rate of 4 names per hour when
y = 10 names. Write the particular equation =~ . -
expressing y in terms of ¢ ‘é :

= 4L Qen g 70
g-:w‘z&"_"(/ o op

; ve remnembered at the
: end of the reception, t = 3 h’r’

PR

05{(3) ~ 47

]

175 .
MMS

(/74= '

8. What did you learn-as a result of doing this
Exploratmn that you did not know before?
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