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Population Growth
350 \ \ \ \
Exercise 1 i i i i
S e i T T T T
Population has increased to 25% in 10 yrs, | | | |
L 5 2% [Dotbling Time: 310628 years ~ 1~~~ 7~
how long will it take to become double? g ! ! ! !
N N S o voged .|
(A S () ghn 10 (o Adlally 25 dpaady Sl 238 ) 35 ol s i A R
finial) g il glual) 228 (e
1000 1‘0 2‘0 3‘0 4‘0 50
Time (years)
Exercise 2
Population Growth
1100 T T T
GAAEY) e aa Gaulily Jaray 3133 La aineal S 230 1000 - - - - - -~ T Tt T
N 900 -------- t- - === +- === —
ot dda uﬁjgﬁwéﬁﬂ‘ 800 |- -Doubling-Tirde: 6 years- - —- - - - — - - -4 -/ _ -
Al Baal) Lab ¢ il i 6 (b hSuad) 220 i liai 13) Y N F—— A S |
.. . w % . . \_ | |
elilacal A5G e “3 l.g.‘- o . —§ 600 7Inpl|ngt1;|me‘.9.7509&years: 77777777 Hf - - —
] e S B
—_—_—_———_——
The population of a community is known to ) R Ted s .
increase at a rate proportional to the number o - o |
100 1 1 1
of people present at a time t. If the ° ° Timel(;)ears) ' 2
population has doubled in 6 years, how long
it will take to triple?
Exer(:ise 3 Population Decrease
= 100 T T T
A S —
ekl anay Gy Le Sl (sl ) o i T\ S R
70 -\ - — - — — - — == A== .
) (e 725 A Gl 230 (Al 1Y) AdSw a3 aa I IR S B
% Half ulation | | |
Goddun B gl) (o aSh (<10 Cya A T 22y (o luaY) AT I HE—
B Ay Il A
S bl aamd) il ) glsad) s s s ol N\ I S ]
Let population of country be decreasing at 0p Haltfe 28R~ [
0F--=---- [t ~J "~~~ T
the rate proportional to its population.If the o l ‘ :
0 5 10 15 20

population has decreased to 25% in T Ys
(T<10), how long will it take to be half?

Time (years)
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Exercise 4

e A radioactive isotope has an initial mass 200 mg,
0 N\ - ’i’ - ’i’ - ’i’ - ’i’ - ’i’ - ’i’ - ’i’ - ’i’ I which two years later is 150 mg.
o if 7:727 1;0; 717 . 717 . 717 . 717 . T . T N Find the expression for the amount of the isotope
ool N |remainingatany time.
sl - Nglag 400y - -1 What is its half-life?
N i e i i i i
T TN | o e e 20 0 855 e e
AR 21 lle 150 A8
by sl A ARaal julatl dpas Jia Al Aslaall 23 g) ({
Sl 4B ey o) ¢ glf) diall il jas-cieal b L (@
J(Ala¥) Aled Chual ) Ji plaill elady)
Exercise 5
Al (ha dakad JUall (o o oAy S50 dadad Ugal ¢ (sa il
N s Adal) (8 (150 S0 ) CM L (0 clal) gl g ¢ paial)
~ I 0 30 B et AR 5 i Al ) 30 737
I 1,,,,,,3, 777777 i,,,,,,,i 7777777 Jlady A adiall g0 8l (a2l g ol 48 R & T a3l quesal
NG (Kt 5600 ~ 4 5568 52 €' s iua) Jisial Vg
e EE e N B L EErTT
Ba NG
ab----- SRR ro----- NS - Suppose that we have an artifact, say a piece of
N 73 - 37 777777 37 - 73 - fossilized wood, and measurements show that the
j::::::I:::1:::1:::1::: ratio of C'* to carbon in the sample is 37% of the
% 20:00 40:00 | GO:OO 80:00 10000 current ratio.

e Assume that the wood died at time 0. Compute the
time T it would take for one gram of the radio active
carbon to decay this amount

(The Half-life of C'* is 1 = 5568 Ys = 5600 Ys.
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Determination of

Fossil Age and Approximate Age of Wood

Exercise 6

(a) A fossilized bone is found to contain one thousandth the
original amount of C".

Determine the age of fossil.

Time (years)

1:00: o ,3 ,,,,, i ,,,,, i ,,,,, i ,,,,, i 77777 (b) Use the information provided in part (a) to determine
oy ’i ””” i ””” i ””” i ””” i ””” the approximate age of a piece of wood found in an
3 ;z : . \ : I : : : :i: : : : :i: : : : :i: : : : :i: : : : : archaeological excavation at the site to date prehistoric
é_ SZ ””” i ””” i ””” i ””” i ””” i ””” paintings and drawing on the walls and ceilings of a cave in
) :oo : : : - I : : : I : : : 1: : : : :1: : : : 1: : : : : Lascaux, France, provided 85.5% of the C'" had decayed.
SR U The Half-life of C'* is = 5600 Ys
0 5600 N T B
T e ‘ ; ;
X0 Lla¥) Al (e il (e dal g o g giad B pate dalie o ghad) a3 (1)
Ay dall jee 2aa 14 g sl
dadall o 88 yaad) yasl (1) £ 3ad) 8 33 o) cila glaall addindl (&)
785.5 (15 Cuny ¢ adgall udi (B 4 i iy i B lgle ) glad) o il
i B 14 G e s e
L5600 = 14 O8N mae Cial G yiad
Exercise 7 :
100 ; Popmaﬁon;Decrease ; A tank contains 300 liters of fluid in which 20 grams of salt
N aredissolved
G Wy i* S *i* ******* i ******** Brine containing 1 gm of salt per liter is then pumped into
g :z :H:alf: \ ngﬁén:[ : : : : : : I : : : : : : I : : : : : : the tank at a rate of 4 L/min; the well-mixed solution is
A B i R i* ******* i ******** pumped out at the same rate.
ZZ: ;;”;_; 2; 9 ; : : : ii : : : : : : :i: : : : : : : Find the number N(t) of grams of salt in the tank at time t.
T S N R

A lall (e 20 g 413 Al Jil e 300 L A )35 (5 5y

A AL (malalg o gsin ale ol raaly
OVAN g A ) gl Jaglial) J slaall fuda oy o5 4 L/min Jiray OV A
C 1 Gl die ) AN A N(r) rlal) dnaS ALe Jiral) Gy




Exercise 8 :
A 100-volt electromotive force is applied to an RC series circuit in which the resistance is 200
ohms and the capacitance is 10 farads
a) Find the charge q(t) on the capacitor if q (0)=0.
b) Find the current i(t).

C=10"* Farads d~ly R=200 Ohms s st 4 sliall Cua 43l S 5403 Ao E(t) = 100 volts W ke ddla 5 gd gabai a5y
0 bl g (0) Al A Aalll clls 1)) g (1 ) iSal) Aiadi 229l (a

oA B (1) Bl Ll sl (b

Exercise 9:
Set an electrical circuit LCR. Find the charge q(t) on the capacitor, and the current i(t), for
an time t, if the inductance L=1 Henry (H) , the Resistance R=300 ohms, the capacitance
C=5.10" farads and at t=0 the switch is closed to a 40-volt battery.
Furthermore it is assumed that q(0) =i(0)= 107
Al cildnadly LCR 4l S 313 Jua 85
L=1 Henry 4a:& gl
R=300 ohms 4= a4l
C=5.10"° farads 4l
q(0) = 10”7 Coulombs Al A g0 Adail

i(0) = 107 Amperes 5% Augsh Ll
(t=0 s zUSal) D) 2y o2 38) E=40Volts  Asall A<l ¢l
t Oad ANY (1) Sass Jlls g(r) Cisall dad dlay) o sthaal)

Resistor

R

Voltage Source
V(1) +
- Inductor

L

Capacitor

C
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Solution Of Exercise 1 :

(OB ko oSty ALl daady A1l o3a e At cpa 3 Apudlly ) d3e Ala s o Lida 1)

ar _ kP, k>0
dt

saa AR L) dlaldnt Aataall Jag
dP
— =kP
dt

P

d?P :j kdt

InP =kt +C
paaif =0 M 0N, P A Gl daad Aan) dagdl) ol

InP,=0+C

C = InP,

InP = kt + InP,

In [ﬂj = kt
PO

P _ Kt
PO
P(t)=PeM

G =10 s

10k L) 1 5
P(10)=Pel0k _p .o _[1+1|p =>p
(10)=Pe!™ —p+Boo(14 2 P20,
1.25P, = P10k
10k _ 125
_ln(1.25)

k=———2-x0.02
10

P P = 2P, O (Sl 28 3 Lt £ 0aJl e ial

2P, = P
Zzekt
_ In2 In2
¢ =12 _q ~31.0628 Y
k = n(5/4) :

A 31 (Hgs (A Oy LSl dae 303 30 Aa U Aia 31 Baal) ¢ e

t2P0 ~31.0628 Ys
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Solution Of Exercise 2 :

d Ol B O s A V() el
(1 =0 o ae) N sl s V@) iadl
eda g i) Caen ALl Alalaal) LA

aN _ kN(t)
dt

kol el i A = N(0) S N(D) = Ak i

4e%% = Ne6) = 28v0) = 24

N() = 34 =3N(0) Os8dis ¢ el e Gl

N = 3nv0)

L( In2)t
3= e6
In3 = (In2)t
6In3
t =——=96Y.
3N(O) " In2 *

i 9 e 3 Gl e B LSl das ) 3 LA e AN A 3 Baal) of geiiied

31 Asge




Solution Of Exercise 3 :

el 3 galll Jlantialy Sl dae (Bl Jia (Sadd il g 10 Jola ¥ < siaad) dae () Ly

aN _ EN@) 45y Aol Lslaal) 4da g

dt

Al B sl o A NV (0) S N (2)= N (0)e™ 158 s A

th <0 Guwag kool oo dandl

N(T)=nN(0)*T = §N(0)
HT -1
4
k=Lpl_ 202
T T

2 9A Q) 2o il galid £ a3 el O i

Nye i = %N(o)

s dday
ektl/z =§
kt,, ,= lnéz- In2
. = -ln2= -In2 =£
Y2k 2m2/T 2
: o)

v N

t1/2

Al 2.5 o ) dae (Bl Bl i (B« T = 5 M S 1Y)
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Solution Of Exercise 4 :

Gulill) s £ oSl Ada ¢ e Al adiall plall) AS gy ol

S e iy JIal Jara o)

u\@.ﬂuﬁ

Y
m (2) =200 2k =150
;Qi Lﬁi
o2k _150 _3
00 4
3
2k —ln4
k=13 -_01438<0
2 4

o Aty Aidall adiall udail) ALS )

s m = 100 mg - 33 5a) 7, sadial) plail) Bla-chial e

100 = 200 &~z

— ok 2 s 48188 Vs
Sin(0.75) In(0.75)

S g el ) G S pdial) pulil) Bla Ciead (of g
t,,~4.8188 Ys
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Solution Of Exercise 5 :

el gl oSl A p g Al €1 pdiall i) €M ALS g (1) sl

S e i) JIal) Jana )

m(t)= m(0)ekt =M0ekt
M Jas Ay Jb Ay ALY & M, uay

(OB (T e g al & My Ulaa 1)

)
m(t)=M,,eT 0) 1) i

2 O Lpal (O ALS Chall S g ladU o 33U cpa 3l A, S

. MT 5
M =m(T)=M,e * T 37% = 037 o

~In(0.37) , In(0.37)
T m(0.5)7 m(0.5)

x5600 ~8032.64 Ys

[T ~8032.64 vs|
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Solution Of Exercise 6 :

108 o il dpalal) 5 AUl o3¢ Aliaal) Lol Uslaal) (a)

dN

Y~k N
T ®
N (t)=N,e*
el i s Jlay f dusy
(OB A= 5600 Vs il g CM Bha-ciai o Lia ) 13)
N
¢ 0 = A
N (2)
tddayg
N, =N,
Ak = ln§= In(0.5)
In(0.5) 1In(0.5
p=m@3)_W@5) 00012378
A 5600
. N 1 :
s O« L=_4 _ .0
. OF NO 1000 NS
N, ekt g
N, 1000
kt = 0.001
] In(0.001 In(0.001
(20001 _In(0.001)  Wn(0.001) cc0h <se0s39 v
Sossil g In(0.5) In(0.5)
s OB 85.5% (& CM Plaedl s il 13) (b)
N -
Ny _,.855 _100-855 145 _
N, 100 100 100
kt
Noe™ _ 9145
0
ekt = 0.145
In(0.145) In(0.145 In(0.145
¢ _In(0.245) _In(0.145) , W(0145) <0 15600 vs
wood k In(0.5) In(0.5)
t. . =55808.39 Ys and t = 15600 Ys
fossil wood
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Solution Exercise 7 :

103 ¢ Gl AN AN A el pai L N oSl
N(0) = 20
4 L/min Sy A0 Gala M1 LSl (a1 g o ssing oale Jolaa fua aly

s A La ) 300 L dn (0o 4 L g A) o dda 3 Baal) i (A ol 2 4 O1A (A1 fud oy Baal g A8y JS A 4

syt NN
300 75
aNy _ N
dt 75
: V) Aty ALl Aslaal) e Juantid
@2.1) aNw N _
dt 75
lalSs Jalaa il (S ()
de 1,
e’ 73 = 75.¢79
: Aday
z £ 1,
N@.e”d = j4e75 dt +C = 4x75 xe”? +C
1

-—t
N(t) =300+Ce 73

C=-280 &} ) « 20=N(0) = 300+Ce’ Ao Juanii Ld N(0) =20 : & Lay

won %
.
o (¢

1
e

N(t) =300 —280.¢ 73
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Solution Exercise 8 :

s oY) AN e Adad ALialds Aalae 2 Al <1 50 A RC a0 s Alliaal) (23.1) Aubalicl) Alstaal)

dq 1
23.1 R+ g=En
(23.1) ! )
1
R=200 Ohms, C=10" Farads, E(t) =100 Volts
Aday
dg 1 .4 1
24.1 A~ 10°q(t)==
(24.1) dt 200 a(t) 2

1 (24.1) Al Ja uad (A gl Galall B (35.1) Aabeal) ) Jalsill Jalaa Jlariuly
I 50dr _ 50t

q (t )e50t = %Je‘sotdt +C

1 -50¢
t)=——+C
4(t)= 159" Ce

1 0
0)=0=-~L +cC
4(0) 100 °

_
100
( I I _50t

t)= —e
1 ) 100 100

OB dt el sl sl dg (1) Al gD Aadd) a3 AN i Al L B0l (1) A O Ly

i(t)="24Y _ g _(-s0r)-L 501
dt 100

1 1 _50¢
t [
()= 790 " 700°

i(e)=24 - 1506

dt 2
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(25.1)

(26.1)

Q27.1)

0+ 300 x0+ 20000 xC = 40 =4, (t)=C

Solution Exercise 9:
:(25.1) Al Leliad (Say LRC Al gl 300

d’q dqg 1
L="+R="+—q(t)=V (t
dt’ dt C a(t) t)
L=1, R=300, C=5x10-5, V(t)=40 :&u
Adag
l | 10° 10

S i s :?x 10* =2x 107 = 20000

(26.1) 455 ey dsilaia i) Lladl) Abialinl) Alsaal) o Juani (25.1) (A& s saily

2
99 1 300?91 20000 = 40
dt dt
s Al Ja g pdd) (gay g(7) aladl gda
. dq
0)=i(0)="1L=
4(0)=i(0)="

JSA)) o (i< (26.1) - 483 gal) e Lusal) Uilaall

m? +300m+ 20000 = 0

198 (26.1) 3 pwiladiall Jadl ddag my= - 100, my = - 200 :Led W Al

4, (t)=c e 1004 ¢ o200

(26.1) @i a, ()= C b ald Ja gliind Sasaall p cilalaal) A8y sk Jeriosd c A dad E (1) O Ly

40 4 2
20000 2000 1000

ehﬂdﬂ\é&@@\g

<107 ol gl

(28.1) 4, (6)=a, ()ra, (t)=ce ~100t 1 ¢ 200 + 9,002

(29.1)

g
sl (28.1) Alaeall B Gl sailly g (27.1) Cmihi¥) Cpaba pdd) Jleaiaily
c,tc,+0.002=0

-100c, - 200c,= 0

1(29.1) ¢, ¢, Olsgaall @l Giidadl) cpilitaal) Alaa Jad

c,=+0.002
¢, =-0.004

le Jani (28.1) B Uil

q(t)= 0.002 (-2 e ~100 4 ,-200t 4 1)

dt

38 g




Alalitl) el ciiat 4.1

Equation Type
dy Linear Ordinary Differential Equation
_— m
dt (s AT Ja) At Lile Abialis Alslas
First-Order Separable ODE
Y — -
ar m-y(t)

(el Jn) Juaill ALE 35 A0 3 (e Ak

First-Order non separable ODE

Y.+ atw = by (sl da ) Jalll ALiG 42

2 Second-Order Linear ODE
dt (cilia Ja ) Al 40 (e Ahad
First-Order Linear Partial Differential Equation (PDE)
a_“+ a—”=0 A A e Adad Ay e Apllalis Alalaa
ot ox
A4 Ao e 3l Agala JaiY Adalea Advection equation
Second-Order Linear Hyperbolic (Wave Equation)
o'u ,0u g i PRy
-c = (Aiga 5l Afigna ) dlag¥) dgalal) A gall dgai 1) Adateal)
ot ox?
2 Second-Order Linear Parabolic PDE ( Heat Equation )
ou _ k Ou _ 0
ot ox’

¥ Aaa¥ (ol pad) JEED AdlKal) Astaal)

ou ou o Second-Order Linear Elliptic PDE ( Harmonic Laplace Equation)
+ + =0
ox’ oy’ o7

Slag) A5G A (5 ) adl Jaagill g el SLEDBE Aailaiall padlill (bl Adalaa

39 Ay




(30.1)

@31.1)

(32.1)

(33.1)

(34.1)

(35.1)

148 (e A ALl Adslaa Jad Jalsill Jalea 48y 5k 4.2

d
Y rawy@ = b
dt
£ (30.1) Adaall g Jalsil Jalaa dlay) 1

u(t) = e Jav)dt

1 (31.1) Jalsil) Julea A (30.1) dada) Uslaall uila DS Gyl 2

u(@) % + wta®y(t) = pOb®

s Ol plan (GLELE) Bacld aladia) UWiSey ((32.1) Adalaal) (e pee) ilad) Jo 3

;’—t (Oy(®) = pOb®)

it ) Al (33.1) Asaal) ails SIS JalSiy 28 4

d
- (uy®)dt = [uwbar

Oy () = bt +C

popladl Jad) dlay Jalsill Jalaa o (35.1) Addlaall (e Cpailadl 38 andl 5

1
v = w( [uwmpar +C )

40 Zage




A sl Ablaldtl) Adalaal) . 4.3
dP _ P@)
— =P —
dt ® ( L j

1 O B oSl aaa ey P(p)
Sall) Jara g2 pe
(MSeall paa ) Ala i) 3,080 58 L o
t, AN Qa3 die Gl A aaall dad A P & Pt ) = P, Yyl aladialy bl Adseal) oda Jay #811

qap _ _ PO
rP(t) (1 3 }

(1) =( P(t,) jer (T _to):Aer (T _to)

L-PT) L-Pk,)
L
P(T) =
I+A'1e-r (T _tO)
AL
P(T) =
qreT (T —t,)
L
P(T) =
pa [P0, (T 2,)
Pt,)
:aidal) Al Jadl ada g
L
P =
1+£L;DP" ]e'r(t t)

L AaiaN) 5l ) Jeang cp sadll Jiras ¢ Py AN Sl ada e 15 (a3l e g Al galll sy 1)
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