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Solution 
| Sincc mner limils depend on x, the function 

IN ntegrated first w.r.t. ". 
2lin:its of i:T 

Linnts ofx :x= 0 to 
3. The region is bounded by the lines y = x, 

I=aldr=) 
4. The point f intersection of y = x and y = a is (a. u) 
5. To change the order of integration, i.e. to 

1niegrate h:st w.r.t. x, draw a horizontal 
strip AB parallel to x-axis which starts from 
l'-axis and terminates on the line y =x. 
Limits of x: x=0 to X=y 

Limits ofy:y=0 to y=a 
Hence. the given integral after change of order is 

JC+r)dy dr = (x'+y` )dr dy 

Example 2 

Solution 

-[ 

y = a, along verti 

Limts ofx:x 0 

4 

-Ky'a 
4|, 

3 4 

a 

3 

(0, 0)| 

A 

(0, 0) 

B 

A' 

y= a 

y=X 

Fig. 5.32(a) 

y=a 

y=> 

Change the order of integration and evaluate dyd. 

Fig. 5.32(b) 

Q(a, a) 

Q (a,a) 

X 

IHe tuntion is integrated first w.r.t. y, but evaluation becomes casier by changing tie order of ntegraiion. 



3. The region is bounded by the line 
y=X, y = tandx =0. 

4. The point of intersection of the line 
y=x and the line y = nis P (n, ). 

5. To change the order of integration, i.c., 
to integrate first w.r.t. x, draw a hori 
Zontal strip AB parallel to x-axis which 

starts from y-axis and terminates on the 
line y F x. 
Limits of x : x = 0 to 
Limits ofy :y =0 to 

Hence, the given integral after change of 
order is 

[Sdy dr =[ 

Example 3 

- [ 

Solution 

=|' sin y dy 
=-cos yo 

=2 

dr dy 

=-COS TU + cos 0 

dy 

ydy 

2. Limits of y : y = x 
vertical strip 
Limits of x :x= 0 to 

1. Since inner limits depend onx, the function 
is integrated first w.r.t. y but evaluation 
becomes easier by changing the order of 

integration. 
to y = , along 

5.3 Change of Order of Iteyatton 

3. The region is bounded by the lines y =x 
and x = 0. 

4. Here, the only point of intersection is 

origin. 

(0, 0) 

A 

Change the order of integration and evaluate dydr. 

y 

= 

O (0, 0) 

(0,0) 

Fig. 5.33(a) 

8' 

Fig. 5.33(b) 

B 

e 

A' 

Fig. 5,34(a) 

5.39 
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5. To change the order of integration, i.e. 
to integrate first w.r.t. A, draw a hori 
zontal strip AB parallel to -axis which 
starts trom r-axis and terminates on the 
line 1' = N. 
Limits ofx:=0 to x=y 
Limits ofy:y=0 toy= oo 

Hence. the given integral after change of 
order is 

Example 4 

Solution 

=-(e-e) 

=1 

-dy 

order of integration. 

I The function is integrated first w.r.t. y, but 
evaluation becomes easier by changing the 

Change the order of integration and evaluate, xe dy dr. 

2. Limits of y : y =0 to V=. 
Limits of x:x = 0 to 

3. The region is the part of the first quadrant 
bounded between the lines y = x and y = 0. 

Limits ofx : x =V to 
Limits ofy :y =0 to 

X’ o, 

integrate first w.r.t. X, drawa horizontal strip 

parallel to x-axis which starts from the line 

=r and extends up to infinity. 

A 

(0,0) 

(0, 0) 

Fig. 5.34(b) 

B 

J0 J0 

y = X 

Fig. 5.35(a) 

B 

A' 

y=X 

X 

4. To change the order of integration, i.e., to 



Hence, the given integral after change of order 
1S 

Jxedy dr = | xe dr dy 

Example 5 

Solution 

-(-)Jard 

1 

strip A'B 

-;ye-eb 
1 

d dy. 

dy 

Change the order ofintegratien apdvaluate 

2. Limits of x :x=y 

e"fndr = e' 

to 

5.3 Change of Order of integration 

1. Since inner limits depend on y, the function is integrated first w.r.i. x but evaluation 
becomes easier by changing the order of integration. 

x=a, along horizontal 

Limits of y: y=0 to y =a 
3. The region is bounded by the lines y = X, X = a 

and y = 0. 
4. The point of intersection of y =x and x=a is 

X =a, y = a. 

The point of intersection isQ (a, a). 

(0. 0) 

5. To change the order of integration, i.e. to in 
tegrate first w.r.t. y, draw a vertical strip AB 
parallel to y-axis which starts from x-axis and 
terminates on the liney=x. 
Limits of y :y =0 to y=x 
Limits ofx: x=0 to x=a 

Fig. 5.35(b) 

(0, o) 

5.41 

Fig. 5.36(a) 

Qa a 



5.42 Chapter 5 Multiple Integrals 

Hene. the given integral after change of order is 

+ 
-dr dy = -

= 

Example 6 

Solution 

= 

log 

-log(l+ v2).dr 

log(1+ 

e' 

(0, 0) 

Change the order of integration and evaluate 

(e'+ I)/1-x?-y? 

+y' 

Q (0, 1) 
B' 

Vx'+y² 

A 

dr 

Fig. 5.37(a) 

dy dx. 

-x2 + y²=1 

P(1, 0) 

(0, 0) 

1. The function is integrated first w.r.t. y, but evaluation becomes easier by changing 
the order of integration. 

X 

A 

y=X 

Fig. 5.36(b) 

A 

Q(0, 1) 

Fig. 5.37(b) 

ala, a) 

X=a 

B 

P X 

-x²+ y²=1 

P(1, 0) X 



2. Limits of y : y=0 to 
Limits ofx:x=0 to x=1 

3. Since given limits of x and y are positive, the region is the part of circle r'+n=| 
in the first quadrant. 

Limits of y : y= 0 

4. To change the order of integration, i.e., to integrate first w.r.t. x, draw a horizontal strip 
AB parallel to x-axis which starts from y axis and terminates on the circle x+y= j. 

Limits of x : x=0 to 

y= 

Example 7 

to 

Solution 

x=l-y 

Hence, the given integral after change of order is 
y=1 

(e' +1)1-t-y? 

X-axis. 

5.3 Change of Order of lntegration 5.43 

-
e' 

2 

sin 

e'+1 

-

=J,(sin1- sin' 0)dy 

e+1 2 

V-y')-* 

-dy 

V1-y? 

=[loge+ l) - log 2] 

- dx dy 

Change the order of integration and evaluate ; 
Jo 

dy 

f(y) 

dr dy. 

1. Since inner limits depend on y, the function is integrated first w.r.t. x. 

2. Limits of x:x=4- Va' -y' to x= atya' -y, along horizontal strip 4'B' 
Limits of y :y =0 to y=a 

3. The region is bounded by the circle (x - a)' +y= a and the line ) 

limits of y are positive, the region is the part of the circle ( - a) + 
0. Since 

= a above 

4. The points of intersection of the circle with x-axis are O (0, 0)) and Q (2a. 0). 

5. To change the order of integration i.e. to integrate first w.r.t. y, draw a vertical strip 

AB parallel to y-axis which starts from x-axis and terminates on the circle 



5.44 

order is 

or 

-

Limits ofy :y= 0 
Limits of x : x =0 

Hence. the given integral after change of 

ra pa+ya-? 

-

= 

2 

Chapter 5 Multiple Integrals 

= a 

(r-a) 
2 

Ta 

2 

V2ar 

(r- a)' +y²= a' 
x'+ y²-2ax = 0 

V2ax-x'dr 

ya'-x-a)? 

a' 

2 

dr dy = 

dr 

Solution 

ya'-(x- a)' + 

to 

to 

Example 8 

2a r2ar 

2 

y= V2ax-? 

= a sin1 (: sin'(-1)=-sin'(1)] 

X=2a 

a' 

-sin-10-a) o- sin-'(-1) 

is integrated first w.r.t. y. 

dy dx 

2. Limits of y : y = 
vertical strip 4'B' 
Limits ofx : x=0 to 

The correct form of integral 

2 

xy dy dr 

2 

Change the order of integration and evaluate 

I. Since inner limits depend on x, the function 

x to y = 2-*, along 

y4 

(0, 0) 

3. The region is bounded by y-axis, the line 
x+y=2 and the parabola x'=y. Since given 
limits ofx and y are positive, the region lies 
in the first quadrant. 

(0, 0) 

A 

B 

A 

P(a, a) 

(a, O) 

Fig. 5.38(a) 

(a, 0) 

Fig. 5.38 (b) 

JUydr dy. 

P'(-2, 4) y 

(0, 0)| 

Q(0, 2) 
B' 

B' 

Fig. 5.39(a) 

Q(2a, 0) 

P(1, 1) 

Q(2a, 0) 

x²=y 

X+y=2 



4. The points of intersection of x + y= 2 and 
x=y are obtained as 

x'=2-x 
+x-2=0 

(r-1) (x+2) = 0 
X= 1,-2 
y=l,4 

The points of intersection are P (1, 1) and 
P'(-2, 4). 

5. To change the order of integration, i.e., to 
integrate first w.r.t. x, divide the region into 

=y. 
Limits of x: x=0 to 

Limits ofy:y 0 to 

Limits ofx:x=0 to 
Limits of y :y1 to y=2 

5.3 Change of Order of Integration 

Hence, the given integral after change of order is 

two subregions OPR and RPQ. Draw a horizontal strip parallel to x-axis in cach 
subregion. 

i) In subregion OPR, strip AB starts from y-axis and terminates on the parabola 

xF2-y 

ydydr = [xydz dy +[ gy dr dy 

6 

9 

+ 

24 
3 

P(-2, 4) yA 

(ii) In subregion RPO, strip CD starts from y-axis and terminates on the line 

x+y= 2. 

-H['4y-4y'*y'dy 

ydy+ 

-H8-+4-2+; 
24 

32 

ydy 

R 

(0, 0) 

4 

Q (0, 2) 
D 

P(1, 1) 

Fig. 5.39(b) 

5.45 

x² = y 

X+ y=2 
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Example 9 
Change the order of integration and evaluate 
Solution 

2. Limits of:y= to y=2/ax, 

1. Since inner limits depend on , the function is integrated first w.r.t. y. 

along vertical strip A'B' 
3. The region is bounded by the parabolas 

=4ay and y²= 4ax. 

4a 

4. The points of intersection of x = 4ay 
and = 4ax are obtained as 

x= 16a'y² 
=16a' (4ax) 

x(x-64a') = 0 
.r=0,x= 4a 

.'. P=0, y =4a 
The points of intersection are O (0, 0) 
and P (4a, 4a). 

Limits ofx:x = 
4a 

Limits ofy :y =0 y=4a 

Hence, the given integral after change of 
order is 

to x=2/ay 

40 

to 

2 

2 

5 

48 

5. To change the order of integration, i.e., to integrate first 
strip AB parallel to x-axis which starts from the parabola y= 4ax and terminates on 
the parabola = 4ay. 

|2 Var 

1 96, 

xy dx dy 

44 

5 

-a' 

y dy 

2a(16a') -. 

16a' 

16a' 5 

4a 

16a? 
(4a) 

YA 

(0, 0) 

ydy dx. 

y²= 4ax 

B' 

(0, 0) 

A 

Fig. 5.40(a) 

4x2 = 4ay 

P(4a, 4a) 

w.r.t. x, draw a horizontal 

y² = 4ax 

Fig. 5.40(b) 

X 

B 

P(4a, 4a) 

x² = 4ay 

X 



Example 10 
Change the order of integratton and evaluate 

ra-ya'-y' xy log(x+a) 
(x-a)? 

Solution 

dx dy. 

1. The function is integrated first w.r.t. x, but 
evaluation becomes easier by changing 
the order of integration. 

2. Limnits of x:x=0 to x=a 
Limits of y :y=0 to y=a 

-Va'-y' 

3. The region is bounded by the circle 
(x� a) ty²= a, the lines y=a and x=0. 

4. The point of intersection of 
(r- a)'+y'= a' and y a is obtained as 

(x- a)? +a'=a? 
X= a 

(x-a)? 

The point of intersection is P (a, a). 
5. To change the order of integration, 

i.e., to integrate first w.r.t. y, draw a ver 
tical strip AB parallel to y-axis which 
starts from the circle (x - a)? + y² = a 
and terminates on the line y =F a. 

Limits ofy: y= V2ax -x to 

Limits ofx:x0 
Hence, the given integral after change of 
order is 

5.3 Change of Order of Integration 

to 

P=a 

X= a 

A 

(0, O) 

(0,0) 

B 

xlog(x + a) 
(x-a) 2 

A 

y= a 

x log(x+ a) 
(r-a) 

=xlog.r + a)dr 

y=a 

B' 

-log(x + a)) -

Pla, a) 

2 

Fig. 5.41(a) 

P(a, a) 

ydy dr 

log(r c+a) a-2ax +x* 
(x 

Fig. 5.41(b) 

dr 

-(x- a)² + y² = a2 

5.47 

dr 

(x- a)² + y² = a? 
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--o 

vl-4y? 

Solution 

2 2 

4 

Example 11 

a' 

a? 
-log 2a 

a' log 2a -

-(1+2loga) 

-+a' loga 

1+x? 

1x 

Change the order ofintegration and evaluate 

22 

the order of integration. 

a 

2. Limits ofx: x=0 to 

Limits ofy:y = 0 to 

i-**-x-y? 

I. The function is integrated first w.r.t. x, but evaluation becomes easier by changing 

- ax + a log(x + a) 

-+a' -a' log 2a + a log a 

1 

=dr dy. 

y=, 

x=1-4y? 

3. Since the limits ofx and y are positive, the region is the part of the ellipse in the first 
quadrant. 

A 

(0, 0) 

a(o.) 

Fig. 5.42(a) 

-x²+ 4y?= 1 

P(1, 0) 



Limits ofy : y= 0 to 

4. To change the order of integration, ie., to integrate first w.r.t. y, draw a vertical strip AB parallel to y-axis which starts from x-axis and terminates on the ellipse x+ 4y =1. 

Limits ofx x =0 to 

1+x 

1 

X=1 

i-x*-x'-y² 

(0, 0)| 

5.3 Change of Order of Integration 

Hence, the given integral after change of order is 

la(o.) 

Fig. 5.42(b) 

-dr dy =, 

-

1+x? 

1+x 

2 

Jo 

B 

A 

Sin ! 

2 

6 

2 

dx 

-2sin x-

-x²+ 4y2=1 

P(1, 0) 

Va-x)-y° 
1 

2 

-s sin! 

2 

X 

*[Va'-rar-;la' 

dr 

SIn ! 

+ 

dy dr 

a' 

5.49 

-sin 
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Example 12 

Ja'-(a- y\y-x) 
Solution 

2. Limits of x : x=0 to 

Change the order of integration and evaluate 
x dy dx 

Limits of y:y0 to 

1. The function is integrated first w.r.t. x, but 
evaluation becomes easier by changing the 
order of integration. 

is 

Va' 

y=a 

3. The region is bounded by the line y =x, 
y=aand x = 0. 

x dy dr 

4. The point of intersection of y =a and y=x 
is P (a, a). 

5. To change the order of integration, i.e., to 
integrate first w.r.t. y, draw a vertical strip 
AB parallel to y-axis which starts from the 
line y =x and terminates on the line y = a. 
Limits ofy : y=X to y =a 
Limits of x : x =0 to X=a 

-x (a- y)(y -x) 

= 

Hence, the given integral after change of order 

y= x, 

Va' -x )(a- y\y-x) 

When y= 4, 

3 

x dy dx 

Puttingy -x = 1, dy = 2t dr 
When 

62 

4 2 

sin ! 

dy 

Jla-yXy- x) 

I=0 

I=va-x 

A 

(0.0)| 

(0, 0) 

y= a 

y=x 

Fig. 5.43(a) 

By= a 

y=x 

Fig. 5.43(b) 

P(a, a) 

P (a, a) 



x dy dr 
JoJo -xXa-yX\ - x) 

Example 13 
1 

(1+x'(1+y') 
Solution 

the order of integration. 
2. Limits of y : y=x 

Limits of x:x=0 

--

to 

-dy dx. 

to 

Va' 

Change the order of integration and evaluate 

Va 

X=] 

Va' -r 

5.3 Change of Order of Integration 

Sin! 

3. The region is bounded by the rectangular 
hyperbola xy = 1, the liney =x and y-axis 
in the first quadrant. 

4. The point of intersection of xy = 1 and 
y=x in the first quadrant is obtained as 

The point of intersection is P(1, 1). 
5. To change the order of integration, i.e., to 

integrate first w.r.t. x, divide the region 
into two subregions OPQ and QPR. Draw 
a horizontal strip parallel to x-axis in each 
subregion. 

2r dt 

Vla-x-)r 
d 

Va-x)-t 

--a'-rfrorr(odr: 

1. The function is integrated first w.r.t. y, but evaluation becomes easier by changing 

(0, 0) 

Va-x 

(sin1-sin 0)dr 

dr 

dr 

dr 

Xy = 1 

B 

P(1, 1) 

n+| 

Fig. 5.44(a) 

5.51 



5.52 Chapter 5 Multiple Integrals 

(i) In subregion OPQ, strip AB starts from 
p-axis and terminates on the line y =x. 

Limits ofx:x =0 to X=y 
Limits of y:y0 to y= 1 

(i) In subregion QPR, strip CD starts from 
V-axis and termninates on the rectangular 
hyperbola xy = 1. 

Limits of x:x =0 to 

Limits ofy :y= 1 
Hence, the given integral after change of 
order is 

When y = 1, = 

to 

4 

1 

y’o, 

4 

sec* d 
sec 

(l+ xy'(+ y'j ar =J.Jo drdy +| : 

2 

sin 20/4 

1 

2 

Puttingy= tan in the first term of first integral, dy = sec?0 de 
When y=0, =0 

in I. 3 sin 

--}a-

4 2 8 

C 

1 

A 

(0, 0)| 

1+y 

4 

D 

xy = 1 

Fig. 5.44(b) 

P(1, 1) 

(+cos z de+(tan-'1-tan-' 0)+(tano�tan ) 

dy +J, 1+ y y(1+ y)lo 

;-) 

1+y' (1+ xy) 

y= X 

1 

2 

dx dy 

dy 



Example 14 
Change the order of integration and evaluate 

Solution 
Vi--*-y? 

2. Limits of x :x=0 

1. The furnction is integrated first w.r.t. x, but evaluation becomes easier by changing 
the order of integration. 

-1 
COS 

Limits of y :y = 0 to 
3. Since given limits of x and y are positive, the 

region is the part of the circle x+y²=l in the 
first quadrant. 

= 

4. To change the order of integration, i.e., to 
integrate first w.r.t. y, draw a vertical strip 
AB parallel to y-axis in the region. AB starts 
from x-axis and terminates on the circle 

x+y'= 1. 

Jo 

Limits ofy :y= 0 
Limits of x :x=0 

Hence, the given integral after change of order is 

Vi-x²1--y? 
cos 

COSX 

to 

2 

Cos r 
Sin 

16 

4 

n (cos x)' 

to 

cosx 

--o" 

to 

2 

x=1-y' 

dx dy. 

x= 1, 

Vi-a-x*)-y? 

-dx dy 

1 

5.3 Change of Order of Integration 5.53 

lo 

(sin'1- sin 0)dr 

= -(cos² -(cos' o)² 

dx 

dy dx 

2 

A' 

(0, 0) 

Q(0, 1) 

Fig. 5.45(a) 

(0,0) 

Q(0, 1) 
B 

A 

Fig. 5.45(b) 

B 
e-x+ y²= 1 

JP(1, 0) x 

x+ y²=1 

|P(1, 0)X 
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EXERCISE 5.3 
() Change the order of integration of the following: 
1. [(x. y ldy dx 

2. f(x. y)dy dx 

3. fx, yldx dy 

4. 

5. x, y)dy dx 

7. 

fx, y)dx dy 

- X 

6. fx, yldx dy 

y 

r201-1-y) x, y) dx dy 

8. . f(x, y»dy dx 

Ans. : f(x, y)dy dx + ,fx, ydy dx 

Ans. : JJT(x, yldx dy +[,fx, yldx dy 

-Vax Ans.: [" fx, y)dy dx + [fx, y)dy dx 

ra rvay 

-2 vx+6 

Ans.: J r, y)dx dy | 

2 

a 

Ans.: ° fx. yldx dy + [", yydx dy 

|Ans. : fx, y)dy dx+[J fx, yldy dx 

4x-x² 

Ans.: [ fx, y)dy dx +5 f(x, y)dy dx 

Ans.: [ fx, y)dx dy + fx, y)dx dy | 



-2 -X+6a 

9. fx, y)dy dx 

10. JJGf. r)drdy 

c2a v2ax 

Ans.:[. fx. yldx dy + , fx, y)dx dy + J J�fx. y)dx dy 

11. f(x, y)dx dy 

Ans.: 

rva'-x? 

15. 

12. fx, y)dy dx 

a 

13. f(x, y)dy dx Jo Jx 

f, y)dx dy + [: 

14. f(x, y)dy dx 

J0 JO0 

b y 

fx. y)dy dx 

16. [ f(x, y)dy dx 

5.3 Change of Order of Integration 5.55 

Ans.: a;fx, y)dy dx + f"T fx, yidy dx 

2a 

e6a+2 

ef f(x, y)dx dy+), J fx, y)dx dy 

rva'-y 

a 

r2a r2a 

2 

ra rva'-y 

2a 

Ans. :jefx, y)dx dy + J fx, y)dx dy + J f(x. y) dx dy 

Ans. : fx, y)dx dy + [ N fx, y)dx dy 

emb b 

ma 

fx, y)dx dy 

m 

Ans.: fx yldx dy 

Ans. : fx, y)dx dy 



5.56 

17. : 

18. 

Chapter 5 Multiple Integrals 

19. JJ, ra ra 

5.4.1 

1+x? 

V1-x²-y' 

X 

X 

Vx*+y' +1 

x+y dy dx 

dx dy 

dy dx 

Ans.: 

X 

Limits of Integration 

2 1+x 
V1-x²-y? 

Vx'+y'+1 

5.4 DOUBLE INTEGRALS IN POLAR COORDINATES 

1 

J|fr, e) dr de = [ fr, e) dr de 

dy dx = 

4 

27 

dx dy =(5 log5-4 

Ans.: 

3 

-4) 

The integral(r, 6) dr d0 represents the polar form of the double integration. 

This integral is first integrated w.r.t. r keeping constant and then the resulting 
expression is integrated w.r.t. . 

4 

If the limits of integration are not given then these limits are obtained from the equa 
tions of the given curves. Let the region is bounded by the curves r =r (0), r=,(0) 
and the lines = ,, = . 
The region of integration is PORS. Draw an elementary radius vector AB from origin 
which enters in the region from the curve r =r,() and leaves at the curve r =r,(). 
Therefore, limits for r are r(0) to r,(0) [i.e., r varies along the AB and remains 
constant] 

To cover the entire region PQRS, rotate elementary radius vector AB from PO to 
RS. Therefore, varies from , to ,. 



Example 1 
Evaluate |rard. 

Solution 

5.4 Double Integrals in Polar Coordinates 5.57 

0 JO 

5.4.2 Evaluation of Integrals in Polar Coordinates 

Fig. 5.46 

4-r=(0) 

2 
- fde 

2 4 

de 

= 1 

2 

r=(0) 

Another method: Since both the limits are constant and integrand (function) is 

lo 

explicit in r and 6, the integral can be written as 
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Example 2 
Evaluate 

Solution 

Example 3 

Evaluate )2 
Solution 

( sin6 
rdrd. 

r 2a cos 8 
r sin de dr. 

The correct form of the integral 

J rsin 0 dr 

-

4 2 

4 

8a 

3 

de 

sin° 0 de 
(l-cos 20 

Since inner limits depend on , the function is integrated first w.r.t. r. 

2 

Sin 20r 

12ucos0 

2 

sin 2 

2 

de 

de-
sin dr de 

sin de 

- cos' sin Od0 

idr sindo 



Example 4 
ra(l+sin ) 

Solution 

Example 5 
evcos 20 

Evaluate J 

8a'cos e2 
3 

Jo Jo 

3 4 
8a' 

Evaluate 2 cos0 de dr. 

12 

5.4 Double Integrals in Polar Coordinates 

Since inner limits depend on , the function is integrated first w.r.t. r. 

The correct form of the integral =|' 

cos-coso 

(1+r 

-

cos (-sin 0) d0 

a' 

3 J0 

3 

ra(l+sin ) 

.3 

=a'l+ sin ) cos0d0 

4 

3 

ja(l+sin 0) 

|(1+ sin 0) 
4 

--) 

cos dr d 

-llsin) -i+sin 0) 

cos d6 

-dr d. 

n+1 

5.59 



5.60 Chapter5 Multiple Integrals 

Solution 

Example 6 

2 (1+r²)' 

Solution 

2r 

J0 J0 

drd = 

1 

---lao 
---iJao 
--ec'o-1lao 

tan -

tan 

-(-2) 
4 

Evaluate 22 sin(0+ )de dp. 

lo 

+r'y' 2rdr ldo 

Fsin(0 + 0) d@d¢ = [3| [: sin(0 + 

-[?-cos(e+ 0l do 

=-|(-sin ) - cos¢)d) 

=2 

=-cos -sin|; 

-cos 0 + sin 0 -- sin 

n #-1 
n+1 
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