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Instructions: Answer a[ twelve [12] questions.

tArahn: Jawab semua dua belas [12] soatan.l
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A complex number is an ordered pair z -- (a,b), a,b e IR- Define the operations
addition and multiplication in the complex plane c. with; = (0,1), slow that
every complex number z canbe expressed in its Cartesian form z = a*ib .

Show that the complex plane C is not an ordered field, that is, there does not exist
a non-empty subset C, satisffing :

(i) z*w €C, for z,wE(,p,
(ii) zw E C,, for z,w €. Cp, and
(iiD for each z € c , only one of the following statements holds :

eitherz=0i z€Cr; or -ze Cr.

l20t2s0l

solve each equation, and express the solution in its cartesian form :(a) zz =2-2\Ei
O) sinz = 3

I2st2s01

Find in cartesian form all roots to z3 -- -z7t show that the roots
vertices of an equilateral triangle inscribed in a circle centered at the
radius 3. Provide a sketch of the triangle and circle.

[rs/2s01

4- If f (z) = u(x,y) * tv(x,y) is differentiable at zs , show that the
Cauchy-Riemann equations hold at zo = xo * iys:

u*(xo,yo) = vr(xo,!o) and uy(xo,yo) = -vr(xo,!o).

Deduce that f '(zs) - !*@i = -i[e).
l2o/2s01

Determine where .f\? = f(x+ ty) = I - x3 - xyz * i(xzy +y3 - t6y) is
differentiable, and find its derivative. Where is f anaiytic?

lrs/2s01

lf .u(x,!) = x2 - y2 +  ,frnd. its harmonic conjugate. Find the maximum and
minimum values of z on lzl < I.

120/2s01

Show thatlcos zl2 +lsin zl2 = 1* 2sinh2y, z=x*fy. Hence deduce that
lcos zl2 * lsin zlz > 1 with equality if and only if z is reai.

us/2s01

2.
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Nombor kampleks ialah pasangan bertertib z = (a,b), a, b € lR. TatviJkan
operasi hasil tambah dan hasil darab pada satah kompleks C. Dengan t - (0,1),
tuniuklran bahawa setiap nombor Inmplel<s z dapat diungkaptran-dalam bentuk
Cartesan z = a+ib.

Tunjuklran satah kompleks C bukan medan bertertib, iaitu tidak wujud subset tak
Imsong C,, )tang memenuhi :

(i) z*wEC,, untuk z,wECr,
(ii) zw E Co untuk z,w E C,o, dan
(ii, bagt setiap z E c. , hanya satu pernyataan berikut adalah benar:

sama ada z = 0; z €, C,o; atau - z €. C,r.

[20/250J

selesailran setiap persamaan berikut, dan ungkapkan jawapan dalam bentuk
Cartesan :

(a) 22 =Z-Xl\t
(b) slnz = 3

[2s/2s0J

cari dalam bentuk-lartesy semua puncazs = -27i". Tunjukkan punca-punca
tersebut membentuk-bucu-bucu segi tiga sama sisi yang teiterap ditam bitatan
berpusat di asalan denganjejari 3. Lakarkan segi tiga din butatin tersebut.

Fs/250J

Jilra f (z) = u(x,y) + iv(x,y) adalah terbezaknn di titik zs, tunjukkan bahawa
persamaan Cauchy -Riemann dipenuhi pada titik zs = xs * iys:

u*(xo,!o) = vr(xo,!o) and ur(xo,!o) = -vx(xo,!o).

Dedutrsitran bahawa f '(zi = ffei = -i!e).
[20/2s0]

Tentulrnn di mana {ungsi f(z)-f(x+ty)-Z-xs-xyz+ i(xzy*ys -16y) adalah terbezakan, dan dapatlcan terbianf. DimanakaifungriT inalisis?
F s/2s}J

Jil@ u(x,y) = x2 - y2 + 4, dapatkan konjugat harmonik u. Dapatkan nirai
malrsimum dan nilai minimum u pada lzl < L.-

[20/2s0J

Tunjuklranlcos zl2 * lsrn zl2 =L+Zsinhzy, z=x*i. Justeru dedupsitrsn
lcos zl2 * lsin zl2 > L dengan rresamaan jtka dan hanya jika z adalah nyata.

F s/2s01

2.

3.

4.

6.

7.

...4t-



4 IMSS 3011

8. Evaluate the following integrals over the given positively oriented simple closed
contour :

f zez(a) Q _azJ tz-5
lzl=z

f sinz(b) Q ^dzJz'
lzl=t

fez(c)Q-a"
t z(z - l)*'

lzl=+

I30t2s0l

9. Evaluate

f(a) | o-x-i3x2)dz where y isthelinesegmentfrom t to 2-t
J
v
Zrrrde(b) | . 

--- 
o1a1tJ L-Zacos?*a2 '

0

[2s/2s0]
10. Find three Laurent series expansion for the function

f (a: -22-3
z2-32-4

in powers of z.

lzs/2s01

11. Let f be an entire function satisfuing lf@)l1a*blzl,where a and b are
positive real numbers. Show that

lf(z)l3a*br*blzol
on every circle lz - zol = r. Hence show that f"(zo) = 0 for allzs, and deduce
that f (z) = d,z * p, where a and F ue complex constants. In geniral, if / is
eltire ndlf Q)l 1 a * blzlk, ft a positive integer, show that 7 it upolynomial
of the form

f(z) = d o* arz *... * a uzk.
I2s/2s01

12. If Ft Fz,"' , F, are the roots of zn = a, a € C, show that

+
)-Br -- o
k=L

us/2s01
...5/-
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8. Nilaikan setiap ksmiran berilwt pada lmntur tertutup ringkas berarah positif:

f zez(a) Q _azJ ZZ-5
lzl=z

f stnz(b) Q ,a,Jz*
lzl=t

fez(c)Q-a,
J z(z - L)*'

lzl=+

[30/250]
9. Nilaikon

f(a) | (y - -i 3x2) dz dengany sebagai tembereng garis d.art i. ke 2 - iJ
v

zttfde(b) l- 01a1IJ L-2acos?*az '
0

[2s/250J
10. Cari tiga perwakilan siri Laurent bagifungsi

f (z\: '22-3
z2-32-4

dalam lansa menaik z.

[2s/2s0J
I I. Anlaikan f fungsi seluruh yang memenuhi lf (z)l < a * blzl, dengan a dan b

sebagai nombor nyata positif. Tunjukkan

lf(z)l1a*br*blzsl
pada setiap bulatan lz - zol = r. Justeru tunjukftan bahawa f,(zo) = 0 untuk
setiap zs, dan deduksikan f(z)=azlp, dengan u dan p sebigai pemalar
lampleks. Uryumnya jika f adalah seluruh aai|k)l < a* bldk, k suatu
integer positif tunjukkan f iarah polinomiar berbentuk

f(z) = o o* a1z *... * a ozv.
[2s/2s0J

I 2. Jilu h, Fr, .. . 
, pn adalah punca-punca persamaan zn = a, a E C,, tunjukkan

.1
)-F* - o

k=l

-oooooooo - []5/2501


