Complex Analysis Made Easy Contour Integration (Type V)

Working Rule:
Case I: For the poles of f(z), which do not lie on positive part of the real axis.
Step I: Replace x by z and x%~ 1 by el(@~D0og (=2)+im] and consider ¢(z) = el(@~Dlog =D+im] £ (7)

Step II: Calculate all poles of f(z) and compute residues of ¢(z) at all these poles. (Note that, each pole of
f(z) is also a pole of ¢(z), but the converse is not true, as ¢(z) may have singularities other than the poles of

f(2))

et -7 .
StepllIl: a-1 dx = _amZR-,
P _’;) ¥ ()dx sin(na)e -

L

where 2 R; = sum of residues of all the poles which do not lie on positive part of real axis.

1

CaseIl: For the poles of f(z), which do lie on positive part of the real axis.
StepI: Replace xby z and x%~* by e(*~D108(2) and consider ¢(z) = el(@~D108@]£(z)

Step II: Calculate all poles of f(z) and compute residues of ¢(z) at all these poles. (Note that, each pole of
f(2) is also a pole of ¢(z), but the converse is not true, as ¢(z) may have singularities other than the poles of

f(2))

StepllIl: f
0

x*1f(x)dx = —m cot(ma) Z R},
7

where 2 R; = sum of residues of all the poles which do lie on positive part of real axis.
i

ooxa—ldx e(a—l)ﬂi

Question 1: Prove thatf 0<a<l -m<p<m

— =1 ,
o X+ef sin(am)

Solution: Pole of f(z) = z+1eiﬁ is z = —e'f (having order one), which do not lie on positive part of the real
axisduetothefactthat —m < f < 7

© @14y e[(oc—l)(log (—z)+im)] dz e[(oc—l)(log (—z)+im)]
Let I=J;) x+eiﬁ'=fc —7 and @(z) = T

ella=1)(log (-2)+im)]

R(<p, _eiﬁ’) = —7 (Z + eiﬁ’) — el(a=D(log e +in)|] _ ol(a-DEB+im)] — pila-1B gila-1)7
— ei(a—l)ﬁeiane—irr - _ ei(tx—l)ﬁeimx e—in: =—-1
- -1 . . . el@-DA
I= .—e‘“”z R = ————e 0T [ —el(@-Dfeina] = g — Hence proved.
sin () : sin (ma) sin(am)
l
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Complex Analysis Made Easy Contour Integration (Type V)

@ x* dx /4 a* — b“
tion 2: P that = [ , — 1< a<1, >0
Question rove tha o @x+a)(x+b) sin(am)l a—>b « @
Solution: Poles of f(z) = m are z = —a,—b (both of them have order one), which do not lie on

positive part of the real axis due to the factthat a >0, b >0

o x% dx el(@(og (=2)+im)] el(@)(log (-2)+im)]

Let, I = and (@) = T by

), GraGx+b) ). z+a@E+b) dz

The poles of ¢(z) (or equivalently that of f(z)) are z = —a and z = —b and both of them have order 1.

e[(z)z)(log (—2)+im)] (Z + a) eaz(log (a)+im) eoclog a eina elog a“eina _aaeina

Rilp—a) = im — G +p  ~ b-a ~ b-a " —@-b) a-b

el@Uog (=2)+iml(; 4 py  el@log®)+im]  pagina

RZ ((P. _b) = Zl—i>—

b (z+a)(z+b) a—b " a-b
2
-7 .
I = —(a+1)mz R:
sin((a + 1)m) € L '
1=
sin((a + 1)7T) = sin(amw + m) = —sin(an) and e (VT = g=aMg=T — g=aTi(_1) = _g-am
B —r i baeina aaeina B —1r i eani(ba _ aa)
~ sin(amn) a—b a-b| sin(an) a—>b

. m (a* — b%) H d
= Sntan) | a=b ence proved.

o a

T
Question 3: Prove thatf dx = where—-1< a<3

4_ )
0o X*+1 4sin (n(a4+ 1))

1

Solutlon: Poles of f(2) = iy Are z = e(mi+2knd/4 | = 0,1,2,3 (all of them have order one), which do not
lie on positive part of the real axis.
© ol(@log (~2)+im)] ol(@(log (~2)+im)]
Let, [I= dx = d d =
¢ fo xrr1 fc 24+ 1 z and  9(2) 2+ 1

Let § be aroot of z* = —1,then

)

(2 — B)el@og (=2)+im)] (0
0

R(p.f) = liny s 5) form
Apply L, Hospital’s rule

el(@og (=2 +im] 4 (7 _ ﬁ)%(e[(“)ﬂ"g (-2)+im)]y _ el@UoEp+im]  gel(@(iog (-p)+im)]
473 - 433 a —4

R(p,B) = lim
z-p
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Complex Analysis Made Easy Contour Integration (Type V)

Sum of residues at all poles is

Z Rﬁ — __1 [eni/4ea[log (—e"i/4)+ni] + e3ni/4ea[log (—e3"i/4)+ni] + e5ni/4ea[log (—eS"i/4)+ni] + e7ni/4ea[log (—e7"i/4)+ni]]
4

i 3mi 5mi 7Tl

Now, polar forms of —e%,—e=,—e= and — e+, respectively, are given by

—3mi 3mi —Ti
—e4=T(1+1)—e4 , —e 4 =T( 1+i)=¢e4,
smi —1 mi i — 3mi
—e 4 ZE —1—1:):@4’ —e 4 :ﬁ(l_l):el}

> Z Rﬁ' = _Tl [eﬂi/4ea[log (e_3"i/4)+ni] + e3ni/4ea[log (e_"i/4’)+ni] + e51ti/4ea[log (e"i/4)+n'i] + e7ni/4ea[log (e3"i/4)+ni]]

—1 m a(_im +7 i)_l_ 3Tea(_Tm +7ri) +65Tmea(%i+ni) 7mi a(3_”i+ni)]

[ 1+ el )+T(L_1)e (3ni)+%(—1—i)ea(5Tm)+%(1—i)ea(7Tm)]

4\/_[(14-1)6 4 (1—e“”‘)+( 1+1)e 4 (l—e“’”)]

= m(l — e“”i) <(1 + L)e 4 +(—-1+ L)e3(flm>

=1 am,/ _ami  ami ani  3ani ani  3ani
=—e2(e 2—e2>[(e4—e4>+i(e4 +e4>]
42

-1 oani am\y eni amir, ami  ami _ami  ani
=——¢ 2 (—2isin(—))e4e4 [(e 4 —e4)+i<e 4 +e4>]
42 2

- (D) e () ()

= {2 gam sm an [— cos (a4n) - —2 i (oc_n)]

= — e sin (?) [cos( ) cos (?) —sin (%) sin (Cl—n)] = — e sin (az_n) cos (? + %)

e—(a+1)7‘ri z R(f, ,3)
B

B -1
B sin((a + 1)n)

sin((oc + 1)n) = sin(am + m) = —sin(an) and e (@D = g-amie=T — g=aTi(_1) = _g—am

= —n(— ) [— amt sm( ) cos (om + n) ] = # sin (oc_n) cos (oc_n + E)

- Sll’l(O(T[) 4 (an) > 2 T
T . (AT amr T an
= 25111(0(2—”)COS(OCZ_N)S‘“(2)cos(4 +Z) @COS(T‘FZ)
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Complex Analysis Made Easy Contour Integration (Type V)

IzZsin(%q-%)cos(%-l_%) sin(?+g) = cos(?)
= an T[T[ am 1 08 (? + %) = 7T7(T0( +1) Hence proved.
4sin (5 +7) cos (7 +3) 4 n( Z )

] xbdx w br
Question 4: Prove that f 172 = Esec( )
0

Solutlon: Poles of f(z) = 1:22 are z = i (both of them have order one), which do not lie on positive part of
the real axis.
@ xbdx eb[log(—z)+rri]dz eb[log(—z)+7'l:i]
Let, [= = d =
¢ J‘1+x2 f 14 22 an ¢(z) 14 22
0 C
' . (Z _ l-)eb[log(—z)+7ri] . eb[log(—z)+7ri] eb[log(—i)+7‘ci] eb[log<eT)+m’ eb[_Tni+m'] ebTm
ool e e
R ( ) . (Z + l-)eb[log(—z)+m‘] _ eb[log(—z)+71:i] B eb[log(i)+m‘] B eb[10g<67>+m _ eb[%i+ni] ~ e3b2n:i
=0 = Im == m ey | T A T oD 2 2i T T2
2 brmi 3bmi —bmi bmi
R_eZ ez | 1, .le2 —ez _lbm.(,_<bn>)_ bm.(bn)
'11— > | =7 > =-e isin|—-)) = —e"sin(
1=
2
I = _—T[e—(b+1)77:i z Ri
sm((b + 1)n) =
sin((b + 1)7T) =sin(bn + ) = —sin(bn) and e PFVT = g=bMie=T — =bT(_1) = o™
=>1= T (—e_b”i) [—eb”i sin (b_n)} -_= sin (b_n) = T sin (b_n) L
" —sin(bm) 2 /1 sin(bm) 2/ . (bmw br 2) br
Zsm(z)cos(z) ZCOS(Z)
s bm
= Esec (7) Hence proved.
tion 5 that [ =% _qx= T
estion 5: prove tha ———dx=—
Questi prov 0o X2 +x+1 NE3
Solutlon: Poles of f(z) = ﬁ are z = _1i2 =t _1i;/§i (both of them have order one), which do not lie
on positive part of the real axis.
0 \/} e%[ log(—z)+mi] dz e%[ log(—z)+mi]
Let [=] ——dx= d -
¢ 0o X2 +x+1 x _’; z24+z+1 an ¢(2) z24+z+1
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Complex Analysis Made Easy Contour Integration (Type V)

1 . _ ; -1t
1+ \/§ ef[ log(~=2)+mi] <Z + —1 2\/§l) [log<1 \/_l>+n’i] [log(e 3 >+77:i]
- i e? e?
2 L o1mE (1= +3i 1+ 3 V3i V3i
2 zZ+ 2 Z+ T 2 T
1[—mi, . 12mi i
ef[ﬂ-" ] ef[%] e% 1- \/§i —mi lar f )
= = =— +————=-¢ 3 (inpolar form
V3i V3i  V3i 2 (inp
1 _ i 1+ /3i 1 1430\, . Ty ;
) < i 3l> ) ez[log( z)+i) <Z+ > > e7[1°g< +2 1>+m e [10g<e3>+m e%[n?t'mi]
, | = m = = =
2\*7 2 P 1-3i 1+/3i 3i —V3i —V3i
2 zZ+ T Z+ 2 -2 T
1[4mi 2mi
als] o3 14++/3i l (in polar form)
= = e =e n pO ar rorm
—/3i  —/3i
2 mo 2m
I - _3m R =_ m _3mile3 e3
=——5—€ 2 i=_—g¢e ==
sin (37”) =1 -1 V3i Vi
T . . (T 21 .. (2T
_ [cos( 371) ©isin (_ 3_71)] cos (§) + isin (§) — cos (?) — isin (?)
2 2 V3i
i [1 V3 N 1 \/§] T H q
=T—|=-ti—+-——i—|=— ence proved.
B2 22T 2T P
00 xa—l 21_[ cos [M]
Question 6: Prove that f Z—dx =— ——————= where 0<a<?2
0o X*+tx+1 3 sin(rra)
Solutlon: Poles of f(z) = ﬁ are z = _1i2 L P 1+2\/_l (both of them have order one), which do not lie
on positive part of the real axis.
©  ya-1 el(@a—1)(log(-2)+in])] e[(a D[log(—z)+im]]
Let, I ——dx = d d =
¢ fo Ztxt1 fc z2+z+1 z an () = z2+z+1
_ _p)+i 1—+/3i 1-V3i
(a—1)(log( z)+m)) + (a 1) log< )
e z
—1+/3i ( ( 2 )
R, <¢—> ~ lim _ , _
2 Z_)—1+\/§l 1 —+/3i —1—+3i —1+\/§l_ —1—+/3i
N I | il G 2 2
; < 14 \/§l> e(a—l)[log(eT)Hn e(a—l)[_gi : m.] eZTL’(O:.;’—l)l 1 \/§i - L
, = = = =e 3 (in polar form
2 V3i V3i V3i 2 (inp )
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Complex Analysis Made Easy Contour Integration (Type V)

_ o(a-Dllog(—2)+ir] [ , 4 L V3i (@-1) 1og<1+T‘/§i>+m]
-1 —+/3i _ 2 e
Ry op,——— | = lim -

Z_>—1—2\/§i< 1+\/§i>< <—1+\/§i>> (—1—\/51' <_1+\/§i>>
z+ ) Z=\—— — 2 - 2

_li LA - an(a—1)i
AT goolgn] e
= = = = e3 (in polar form
—V/3i —V/3i —V3i 2 P
2 2m(a—1)i 4t(a—-1)i
I = -n e—o.'T[i . Z R, = —n e—an’i € 3 _ € 3
sin(am) £ ' sin(an) V3i V3i
—TT i 2m(a—1)i 2m(a—1)i
T e, e
V3i sin(am)
-7 o 277:(0;—1)1‘ Zn(o;)—l)i [ _ n(ag—l)i 27t(a3—1)i ]
=— e e —e
V3i sin(am)
-1 —ané—eri n(a3—1)i [ 20 si (n(a - 1))]
=—¢€ e —2isin| —————
V3i sin(am) 3
2T —ani-2ni  n(a-Di  (m(a—1) 27 . (m(a—1)
=— e 3 3 sin = e ™sin| —————
V3sin(ar) 3 V3sin(ar) 3
2n m(a—1 T T
= cos( ( )+—> ~ sin @ =cos(9 +—)
3sin(am) 3 2 2
2at+m
2m 2na — 2m + 3w\  2m COS [T]
=-————cos (—) =— Hence proved
V3 sin(am) 6 3 sin(ma)
Question7:  Prove that f xdx m(1-a) 1<a<3
uestion 7: rove tha = , — a
g 1+ acos ()
Solution: Poles of f(z) = m are z = i (both of them have order two), which do not lie on positive part
of the real axis.
T %dy oallog(-2)+mi] 4, ollog(~z)+mi]
L t, 1: = d -
¢ 1 +x2)? f 1+ 22)? and @@ =~y
0 c
d (Z _ i)zea[log(—z)+7ti] d eoz[log(—z)+n'i]
Ry(p,i) = lim— =lim—|———
1) zlinidz[ z— D2z + 0)? ] eoidz| @z +0)? ]
(z + L-)Zea[log(—z)ﬂri] % — eallog(=2)+mi] 2(z +1) (Zi)zea[log(—i)+7ti] % _ ea[log(—i)+7ti] - 2(20)
R (0,0 = li _
1(,0) = lim (z+ 0% 20+

—Tri —TTi
L a log(eT>+n’i ] a[log<e7>+rri P (L el T ami ami
4aie — 4ie 4ale“[ 2 m] — 4Lea[ 2 m] 4aie 2 — 4ie 2

16 16 16
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Complex Analysis Made Easy Contour Integration (Type V)

armi armi

4ie2 (a—1) ie2 (a—1)
R [) = =
1((pr l) 16 4
(Z-l-l)z allog(—z)+mi] d ea[log(—z)+n:i]
R, (o, = lim — = lim —|———
2((P l) lml dz (Z _ l)Z(Z + l)z ] Zl)n_li dz (Z — l')Z ]
. (Z _ l)z allog(— z)+m] _e [log(—z)+rri]2(z _ i)
=% (Z Y
( 21)2 allog(i)+mi] & =- ea[log(i)+m']2(_2i) - 4aie“[l°g(ez >+7Ti + 4iea[10g<ez >+7Ti
(—2i)4 B 16
a[Tmi] | . afTen] sami  3am ani 3ami
_—4aie + 4ie® _ —4aie 2 +4ie 2 —4ie2(oc—1)_—ie2 (a—1)
B 16 B 16 B 16 B 4

-1 .

= a(a+Dmi, E R

sin(oc+1)ne L :
i=

sin((a + 1)71) = sin(amw + m) = —sin(amr) and e (VT = g=aMe=T — g=aTi(_1) = _g-am
ami 3ami —ami  ami
L —T ( _am.) ez (a—-1) ie2 (ea-Df -nm _ . amiy( 1 e 2 —ez
"~ —sin(an) € 4 4 "~ sin(an) € ¢ e 4
. . [(am . (am . (am
_ - 1) —2i sin (T) _ —n(a —1) sin (T) _ (1 —a) sin (T)
sin(amn) 4 sin(amn) 2 2 sin (%) oS (az_”) 2
(1l —a)
= Hence proved.
4 cos( ) )

Question 8: Question 1 of book is repeated here (see the book). No need to repeat same question.

. *© x%dx T sin(af)
Questio 9: Prove that 5 == - 0O<a<l-rn<O<m
o 1+2xcos@+x* sin(am) sin@
— +/ 20— . .
Solutlon: Poles of f(z) = m are z = Zcosei; CoST 0t — _cos@ +isinf = —ei0,—eif (both of

them have order one), which do not lie on positive part of the real axis.

[oe]

x%dx ea[log(—z)+m’]dz eoz[log(—z)+71'i]
L t, I = = d —
¢ f1+2xc509+x2 f1+22c059+22 and ¢ (2) 1+ 2z cos 0 + z2
0 c
0 eallog(=2)+mi] eallog(=2)+mi] ea[log(e_i9)+7ti] eal-i0+mil  qailn-6]
R —et = i - = . - = =
1(f,—e™) = z—> ovit (z + ef)(z + e710) T otere g4 ei® —e~i0 4 eif 2isin@ 2isin@
0 (Z + eie)ea[log(—z)ﬂri] eallog(=2z)+mi] ea[log(ei9)+ni] ealif +mi] — eailm+6]
2(f, =€) = im —ei® (z+ef)(z+e0) soreio 7+ 0 —elf +e-®  —2isinf  2isin6
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Complex Analysis Made Easy Contour Integration (Type V)

-1 .

- —(a+1)mi R:

sin(a + 1)ne Z . '
i=

sin((a + l)n) = sin(amw + m) = —sin(an) and e (VT = g=aMe=T — g=aTi(_1) = _e-am
al[rr 0] eai [m+6] -
=] = e—amt _a—anmi\ ani| —aif __  aif
—sin an ) [21 sinf  2i smH] —2i sin(am) sinf (em™)e [e € ]
—T (—2 (@6)] = m  sin(af) H d
T2 sin(am) sinf tsinad)] = sin(ar) sin 6 ence proved.
i R 4 m(a+ 1)
Question 10: Prove thatf y dx = —coses (—) , where—-1< a<3
o Xt+1 4 4

Solution: From result of question 3, the result of question 10 is obvious.

©  xM3dx  2m[al/3— b3

tion 11: that —_— = |
Question prove tha , GraGED V3 pog—

], a>0 ,b>0, a+b

Solution: Poles of f(z) = m are z = —a,—b (both of them have order one), which do not lie on

positive part of the real axis due to the factthata > 0, b > 0.

o 134y ol (3)0g (-2)+im)] ol(3)tog (-2)+im)]
Let, I = —_— = d d =
¢ GG D) ). Groerh 2 W v =TT
. y [(%)(log (—z)+i7r)] (Z + a) e[(%)(log (a)+irr)] e%(log (a)+im) e%log ae%r _a%e%”
1(p,—a) = ot (z+a)(z+b) - —a+b "~ b—-a = b—-a a-b
e[(%)(l()g (_Z)+m)] (z + b) e[(%)(l()g (b)+in)] b%e%
Rolo=b) = lim — G+~ a=b  _a—b
2 bl i 1in
—Tr 1 . —TT i i 3e3 a3e3
I = . e_(§+1)7'[l Ri — 7 e 3e T > _ —
sin <(§ + 1) n) i=1 sin (§7T + ”)
e 11 ime 11
- i les (b3 - a3> 1 e3 <b3 — a3)
= e 3 = 3 ( H|——=
o (B a—b _ a—b>b
sm(3 +T[) sm(3)
me 11
=—e 3|——= _ Hence proved.
V3 a—>b \/_ a—>b ]
2
) x%dx w[p* 1 — 21
Question 12: Prove that f G b — D) =5 m_a [cosec (ra) — cot(a)], a>0, b>0
0

Note: This question is not in the book
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Complex Analysis Made Easy Contour Integration (Type V)

Solutlon: Poles of f(z) = L

(z2-b?)(z%~c?)
on positive part of the real axis, while z = —b and z = —c do not lie on the positive part of the real axis due
to the factthata > 0, b > 0.

are z = +b,tc (all of them have order one). z = b and z = c do lie

Tdx elogz elogz

rorthepelesz = heweles = f o) ) @@ - L D = @@ - o)
For th 1 =—p let = ( x%dx 3 eallog(—2)+mi] 4 - pallog(-z)+mi]

or the poles z = —b, — ¢, we let, = f (x2 = b2)(x2 —c?) . 2 —b2)(22 - 2) z, ¢,(2) = =D =)

(Z _ b)ealogz eozlogz e? logb elogb“
Rulob) = hm 7y = lim 2 _.2) 2 _.2) 2 _ 2
bz DG+ D -D) b GE+DE - @HG - @H(BP - D)
b&* pa—1

T 2b(bZ—c2)  2(b? —c2)

(Z _ C)ealogz eoclogz eoclogc _ elogc“

R (1) = I G G+ 0@ b)) Gt 0@ D) @)@ Y @h)(E — o)

a—-1

—c“ —c
ZC(b2 ) Z(b2 —c?)

R (Z + b)e [log(—z)+mi] i ea[log(—z)+n’i] ea[logb + 7Ti] ealogbean'i
2= b) = i =) A =2 =) (2b) (e =) (=2b) (b2 = P
logb am — b%e armi _ ba—leani

T (2D (b2 —c2)  2b(bZ—c2?)  2(b%Z—c2)

(z + C)ea[ log(—z)+mi] eallog(=z)+mi] eallogc +mi] ealogcqami
R ) - l = l = =
{020 = I N T O b)) A= 0@ = b)) (20 = b)) b — D)
logc am Caearri Ca—lean:i

T 2O)B2—c?)  2¢(b?—c2)  2(b%—c?)
T

—(a+1)mi
e R+ R
si (( 1) ) [ 3 4]

I'=—mcot((a+ )[Ry + Ry] —

cot((a + l)n) = cot(am + ) = cot(an), e @tV = g-anig—ni — _g-ani, sin((a + 1)71) = —sin(am)
x%dx t( ) —c! T —ami ,ami b

PR Ter R 2(b2 3 |~ sin(am) © 2007 = c?)

0
be 1 a-1
=3 [W] [cosec (ma) — cot(am)] Hence proved.
_ Fx@ldx mw b2

Question 13: Proved that ([ 2+ b Esm (azn) b>0

Note: This question is not in the book
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Complex Analysis Made Easy Contour Integration (Type V)

Solution: Poles of f(z) = ﬁ are z = +bi (both of them have order one), which do not lie on positive part

of the real axis.

bt X214y e(fx—l)[log(—z)+n’i]dz e((x—l)[log(—z)+n’i]
Let, = f f

x2 + b2 - z2 + b2 and  ¢(z) = z2%2 + b2
0 C

el@=Dllog(=2)+mi]  (a—1)[log(-bi)+mi] e((x—l)[log b - %i‘Hl'i]

(Z _ bl-)e(a—l)[log(—z)+ni]
= lim = =

R,(f,b) = lim

z-bi (z — bi)(z + bi) z—bi z + bi 2bi 2bi
o@D[logb+3 | (@-Dlogbg(@-DF  Llogb@ D (@-DF  pla-1g@-DG
B 2bi B 2bi B 2bi B 2bi

—Ti

; —mi 1
«w ellog(=PD] = Jog b + log(—i) =logh + log (e 2 ) =logb + -

(z+ bi)e(a—l)[log(—z)+rri] ela=Dllog(-2)+mi]  g(a-D[log(bi)+mi] e(a—l)[log b+n7i+m‘]

R,(f,—bi) = li = li = =
2(f,=bD) = lim — S+ bD) b z—bi —2bi —2bi
o@Dllogb+ T | (@-Dlogb@-1D3F  Jogh@ D (@-13F (a1 @-DF
—2bi B —2bi B —2bi B —2bi
-+ ellog®d] — oo b + log(i) = i = n—l
. g og(i) =loghb + log|(ez logb + >
_ . o [pa-eenZ  pa-v @t
I = —amzR_z - ami _
sinarm ~ ' sin(an) € 2bi 2bi
l
—TT . ami —mi 3ami —3mi —TT . ami 3ami
=——— e amipla-2) [eTeT —e 2 e 2 ] =——— e amipla-2) [— ie2 —ie 2 ]
2i sin(am) 2i sin(am)
—TT . . —amni ari T aT
— —armi amb(a—z) o [ 2 + T] — b(a—z) 2 i
2i sin(am) € € =0le € 2 sin(am) [ COS( 2 )]
T an T an
=———p@2) o (—) = h@=2) cos (—)
sin(am 2 o (AT an 2
(am) ZSm(Z)cos(Z)
T ba—Z
= Em Hence proved.
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