
Lecture 08

Modeling ( continued )



Problem .
You borrow $250 , ooo at 4%

interest . You want to pay back the loan

in 30 years . What  areyourmonthly payments ?

I



Problem .
You borrow $250,000 at 4%

interest . You want to pay back the loan

in 30 years . What  are

your
monthly payments ?

Solution
. ④ Label quantities .

'

Let t  = time in years since start  of loan .

⑤ Construct a model :

BH = amount owed at time t . DP

Do = $250,000 get
= RB - k

9=30 years
( duration  of loan

.)
{

Bloss Bo
I VI?

h = repayment  rate l in $/year)

① Solve the IV. P.
to find Blt) ⑨ Determine k .

BCM ) so ⇒

did - RB s k (Bo - ht ) er
"

tbh so

{
ploy =p

,

linear ! ⇒ ( I - er
" I left Boer

"
so

RT

⇒ h =
- r Doe

' '

s

reapBlt ) = Cert t I I - er "
er

"
. I

o

r ⇒ k =

,.ro?.$/gearPlo ) s Po =3 Bo s Ct Hr monthlypayments = blk .

So

BH = ( Po - heh) ert , by
7=0.04 Yup Bos

"

250,000T's 30 yr
↳

e
$41192.51 Imo

.

12



Problem . You place a hot brick ( temp 5004
outside at noon .

The outside

temperature is 10°C . At 1:00pm
the temperature  of the brick is

40°C . When will the temperature
of the brick be 20°C ?



Problem .

9.
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Jo •

You place a hot brick ( temp 504 40 , •

outside at noon .
The outside go - -

.temperature is 10°C . At 1:00pm do .

the temperature  of the brick is to ,

40°C . When will the temperature I
1St

of the brick be 20°C ? 5
.

2

I
Solution . Assume Newton 's Law Then have IVP

of

fooling
!

AT

let t : time in hours after noon
. { It

' - h ( T - 10)

T 's temp.
of brick Flo ) = 50

if = looe ambient temp .

es : to be determined

To = 50°C initial temp of brick
.

Solve the IVP :
So

THIS
lot 40 etnl "dt

IT ' the la s S10 Mols

501
- Find time when 9=20

.

at

THIS lot C Ebt 20=10+40 e-hnklblt

50 s to t C ⇒ Cs 40

So THIS lot 40 e- St
⇒ f- seen Hbk

⇒ - lnlyls - lnHldtDetermine

ki
Till ) = 40 ⇒ 40=101-40 ESH ⇒ ts lmk )/lnl4g) = 4.8

I

⇒ Ehs 3¥ ⇒ - essen (34)
0.8 hrs 0.8×60=49 min .

⇒
Iss

but 413) So T 's 20°C at 4:49pm



Problem
.

A 9 volt battery is

⇐connected to a 1.0µF f¥
uncharged capacitor and

rEI
a 1001 resistor ,

as Shown
.

1911
R

How long will it take for the
+ Kw

Voltage drop across the c

Capacitor to reach 5 Volts ?

Solution
.

v
.

4h; S
thee

.



Problem
.

a 9 volt battery is

⇐connected to a 1.0µF f¥
uncharged capacitor and

rEI
a 1001 resistor ,

as Shown
.

1911
R

How long will it take for the
+ Kw

Voltage drop across the c

Capacitor to reach 5 Volts ?

Is currentSolution
. Recall

qs
charge on Tpi IR Is G-
apicator C

v .

IN Kirchoff Voltage law : Vrt Vcs 9 IR t902=9s ( I -

. day so Rdqqt§=9; S
atthe

Rcdk = 9 so DV

It attacks %

General solution : - the =ln( 4151 ⇒

. Vitt . 9 t c. e- the 4µ=bn(54) ⇒

Yeo )so⇒ volts 911 - e'
" K) ts RCW 541

Need to Solve 911 - e-the) : 5 for t
.

Rcs 100 x 1.0×106=10 "
he

1- e' thees
51g

⇒ to t  = lnl54lxlo.tk

e- the
= I - 54,4g ⇒

81×10.4=8.1×10-3



so
dats 0.534 - ¥,

) . I



In grad did = ru - WB

Direction Field :

.

GerardSolin :



RC - circuit
Review

-

. Mr
RI t § =

-

VH1 VH1
+ R

⇒
Rcdgtqldt off IHH C

⇒ Rc
day + TETH )

DV VIA n

at =
- Lik - tht )

A
Note : Units of RC : Seconds.

Vcu
⇐ RC is called the timeout

What about Tk?

dat took) = data

⇒ dqCRI)tI= dttdA

⇒ datt Tf = d
at

Examples

TH in a

.

s

Tritt¥ s

-

rid : Tv
. -

v. * 4pA



Example. RL - circuits

Llinducton

)

ties
+

Been

Kirchoff's Voltage Law : s
-

TETTEH M
s R C resistor )

(A) Lids -1 RI = THI
It s

th 'RE so

L faith

)tV=tfH
'

⇐
d¥R=.IE#NoIe:UnitsotRkareYsee.

L
"

time constant
"

= YR

t Tf# =Vo(acmstat ) and -8101=0

dt

myans
- Eth - Vo)

o
. " .ro . . -

"

• 9
Tfs To stable 4k t

fixed
point this toll - e-

'Kt )

Notice : Tfl 4h)= Toll - E ') a ( 0.63 ) 'Ve


