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Stre: 120 dk.

Bu sorulardan 4
tanesini secerek

IMzA:

cevaplayimiz.

Do not open the exam until you are told that you may begin.
Smavin basgladig: yiiksek sesle sOylenene kadar sayfayi1 ¢cevirmeyin.

10.

. You will have 120 minutes to answer 4 questions from

a choice of 5. If you choose to answer more than 4 ques-
tions, then only your best 4 answers will be counted.

The points awarded for each part, of each question, are
stated next to it.

All of the questions are in English. You may answer in
English or in Turkish.

You must show your working for all questions.
Write your student number on every page.

This exam contains 12 pages. Check to see if any pages
are missing.

If you wish to leave before the end of the exam, give
your exam script to an invigilator and leave the room
quietly. You may not leave in the first 20 minutes, or
in the final 10 minutes, of the exam.

Calculators, mobile phones and any digital means of
communication are forbidden. The sharing of pens,
erasers or any other item between students is forbid-
den.

All bags, coats, books, notes, etc. must be placed away
from your desks and away from the seats next to you.
You may not access these during the exam. Take out
everything that you will need before the exam starts.

Any student found cheating or attempting to cheat will
receive a mark of zero (0), and will be investigated ac-
cording to the regulations of Yiiksekdgretim Kurumlar
Ogrenci Disiplin Yonetmeligi.

10.

Simmav siiresi toplam 120 dakikadir. Simavda 5 soru
sorulmugtur. Bu sorulardan 4 tanesini segerek cevap-
layiniz. 4’den fazla soruyu cevaplarsaniz, en yiiksek
puani aldigimiz 4 sorunun cevaplar1 gegerli olacaktir.

Sorularin her boliimiiniin kag puan oldugu yanlarinda
belirtilmistir.

Tim sorular ingilizce’dir. Cevaplarinizi ingilizce yada
Tiirkge verebilirsiniz.

Sonuca ulagmak i¢in yaptiginiz iglemleri ayrintilariyla
gosteriniz.

Ogrenci numaranizi her sayfaya yaziniz.

Simav 12 sayfadan olugsmaktadir. Liitfen eksik sayfa
olup olmadigini kontrol edin.

Sinav siiresi sona ermeden smavinizi teslim edip
cikmak isterseniz, smav kagidinizi gézetmenlerden
birine veriniz ve simav salonundan sessizce ¢ikiniz.
Smavin ilk 20 dakikasi ve son 10 dakikas1 iginde sinav
salonundan ¢ikmaniz yasaktir.

Sinav esnasinda hesap makinesi, cep telefonu ve dijital
bilgi aligverisi yapilan her tiirlii malzemelerin kullanimi
ile diger silgi, kalem, vb. aligveriglerin yapilmasi kesin-
likle yasaktar.

Canta, palto, kitap ve ders notlariniz gibi esyalariniz
siralarin  lizerinden ve yanimizdaki sandalyeden
kaldirilmalidir. Sinav siiresince bu tiir egyalar1 kullan-
maniz yasaktir, bu nedenle ihtiyacimiz olacak herseyi
sinav baglamadan yaniniza aliniz.

Her tiirlii sinav, ve diger ¢alismada, kopya g¢eken veya
kopya gekme girisiminde bulunan bir 6grenci, o sinav
va da ¢aligmadan sifir (0) not almig sayilir, ve o 6grenci
hakkinda Yiiksekogretim Kurumlar: Ogrenci Disiplin
Yonetmeligi hitkiimleri uyarinca disiplin kovugturmasi
yapilir.
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Formula Page

0 = si (ffe)
cos sin { 5
cos? 0 +sin®0 =1
1+ tan® 6 = sec® 0

1+ cot? 6 = cosec? 0

cos(A + B) = cos Acos B — sin Asin B
sin(A + B) = sin A cos B + cos Asin B

cos 20 = cos® 0 — sin’ 0
sin 260 = 2sin f cos 0

1

cos® 6 = = (1 + cos 26)

N N

sin? 0 = = (1 — cos 20)

2 =a%+b*>— 2abcosl

cos0 =cos0° =1

sin0 =sin0° = 0

T °o_ 1
cos 7 =cos45” = 7
P o__ 1
sin 7 =sin45" = 72

T <60° = 1
cos 5 = cos60” = 3
sin & = sin 60° :?
cos 5 = cos90° =0
sin % =sin90° =1

(fog) (x)=f (9(z) g'(x)
—1y/ _ 1
U™ @ = 5y
u dv =uv — /v du
d _ofds  ofdy

a/ @00) = 507 dy dt

2/12

tanx =

secTr =

cotx =

cosecr =

sinhx =

coshzx =

sinx
cos x

cos

cosx
sin

_1
sin
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dix" =ng" !

T

d oo

sinx = cosx

T

d _ . .
S cosx = —sinz :
T

di tanx = sec® z
T

Jtanz dx = log |secz| + C

di secr = secxtanx
X

[ secx dz =log|secx + tanz| + C

di cotxz = — cosec’ x
T

[ cotz dx = log|sinz| + C

% cosec T = — cosec T cot x

J cosecx dz = —log |cosec z + cot x| + C'
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< sinhx = cosh
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2 coshx = sinhz
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Soru 1 (Intravenous Therapy / Damar Ici Tedavi).

English

A hospital patient is suffering from the Can’t-
stop-looking-at-his-mobile-phone-in-class dis-
ease. To cure this disease, a drug is being
administered intravenously to the patient.

Fluid containing 6 mg/cm?® of the drug enters
the patient’s blood at a rate of 100 cm?/hour.
The drug is absorbed by the body tissues or
otherwise leaves the blood at a rate propor-
tional to the amount of drug in the blood,
with a rate constant of r = 0.3 (hour)~!.

Assume that the drug is always uniformly dis-
tributed throughout the patient’s blood.

(a) [15p] Write a differential equation for
the amount of the drug in the patient’s
blood. (You must explain why your dif-
ferential equation is valid.)

(b) [10p] How much of the drug is present
in the patient’s blood after a long time?
(i.e. as t — 00.)

Tiirkee

Hastanede yatmakta olan bir hasta “Derste cep
telefonuna bakmadan duramama” hastaligina
yakalanmigtir. Bu hastaligi tedavi etmek icin,
hastaya damar yolundan bir ilag verilmektedir.

6 mg/cm® ila¢ igeren sivi, hastanin kan
dolagimma 100 cm?/saat hizla yayilmaktadir.
ilag, viicut hiicreleri tarafindan emilmek
suretiyle, kanda bulunan ila¢ miktariyla
orantili olarak kani terketmektedir; hiz sabiti
r=0,3 (saat) ! dir.

llacin hastanin kammnda daima esit olarak
dagilmig oldugunu varsayin.

(a) [15p) Hastamin kanindaki ilacin mik-
tar1 i¢in bir diferansiyel denklem yazin.
(Diferansiyel denkleminizin neden gegerli
oldugunu agiklamalisiniz.)

(b) [10op] Uzun bir siire sonra hastanin
kaninda ne kadar ila¢ bulunur? (¢t — 00)




(soru 1’itn devama)
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Soru 2 (Second Order Differential Equations and the Wronskian). Suppose that p : R — R and
q : R — R are continuous functions. Let

Llyl =y" +p(t)y" +q(t)y.
(a) [5p] Show that L is a linear operator. In other words: Show that
L{u+ \v] = L[u] + AL[v]

for all twice differentiable functions v : R — R and v : R — R and all constants A € R.

(b) [5p] Suppose that

) y1] = 0;
e yo(t) solves L[yz] = 0;
o Yi(t) Y4](t) = g1(t); and
e Y5(t) solves L[Y3](t) = ga(t).
e Define y(t) = c1y1(t) + caya(t) + Y1 (¢) + Ya(t) for ¢1,¢c0 € R.

e y(t) solves L

solves L

Show that y solves L{y](t) = g1(t) + g2(t).

(c) [5p] Calculate the Wronskian of u(t) = cos?t and v(t) = 1 + cos 2t.
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(d) [10p] Suppose that f(t) =t and W(f, g)(t) = t?¢'. Find g(¢).

(soru 2’nin devama)
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Soru 3 (Second Order Linear Differential Equations). [25p] Solve

v(0) = 3§

—y" + 6y’ — 16y = 1 + 6¢3 sin(2t)
y'(0) =—1
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(soru 8’iin devamai)

HILMANY ()
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Soru 4 (Systems of Equations).

(a) [11p] Solve

(b) [2p] How does the solution behave as t — co?
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Iy,

(soru 4’iin devamai)

\ﬁ
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(i) Stable node

V7

(ii) Stable node

)

(iii) Unstable node

V.

(iv) Saddle

1 -2

LetA:<3 _4

N\

2N N
/ s >/
.

<
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(v) Saddle

N
LR

(vi) Unstable node

) . The determinant of A is 2 and the trace of A is -3. The eigenvalues of A

are r; = —2 and 79 = —1. The corresponding eigenvectors of A are {1 = (;) and £2) = (})

respectively.

(¢) [2p] Which of the graphs (above) is the phase plot of the equation x’ = Ax?

[Mark M one box only.]

LW

[]

(

ii)

Cany [ e [ o)

(d) [10p] Justify (explain) your answer to part (c).

[ ] (i)
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Soru 5 (Exact Equations). Consider

1‘2

d
(23026”62 log |y\) + (xe — xsinhy) Yo
Y dx

This equation is of the form M (x,y) + N(z,y)y’ = 0.

(a) [2p] Is this equation exact?

My—N,

(b) [2p] Calculate =“5—= and NI;lMy.

M, — N,

(c) [6p] Find an integrating factor pu(x) that solves

P = o) (M)

O&RENCI No.

INNNEN

U

110




1212

(soru 5’in devama)

z? d
(23526””2 log |y|) + (CUZ - xsinhy) ﬁ =0 (2)

(d) [1p] Multiply (2) by the integrating factor that you found in part (c).

(3)

(e) [2p] Show that (3) is exact?
[HINT: Equation (3) is your answer to part (d). If (3) is not exact, then your answer to part (c) is probably wrong.]

(f) [12p] Solve (3).
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