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12.1 Numerical Solution of Non-linear Equations

12.1.1 Pescribe importance of numerical methods

Till now, all the methods we have learnt to solve the non-lingar equation and finding
of the derivative or integration of functions are analytical methods.

When analytic approaches are failed to find the solution of a non-linear equation or
require too many tedious computations then, mathematicians used numerical methods to
compute approximate solution, Therefore, numerical methods have great importance in the
field of mathematics.

12.1.2 Explain the basic principles of solving a non-linear equation in one variable

The basic principle of solving a non-linear equation is to find the interval (values of
and b) fora function f(x), where [ (a) and f(b) are of opposite signs such that f(a). F(B) < 0,
then the root of f(x) = 0 lies in the interval [a, b].

For example, f(x) = x* — 2x — 5, put the values of x = 0,1,2,3 in f(x), we get

f(0)=(0)* —2(0)-5=-5
fly=(1)y'-2(1)-5=-6
f@)=(2)P-22)-5=-1
f3)=(2)-2(3)-5=16

Here f(2) = —1 < 0(—ve) and f(3) = 16 > 0(+wve),

such that f(2). f(3) = (=1).(16) = —16 < 0,

Now, root lies in the interval [a, b] = [2,3].

12.1.3 Cualculate the real roots of a non-linear equation in one variable hy
e hisection method
o regola-falsi method
e  Newlon-Raphson method

e Bisection Method
The bisection technigue is a root-finding method which repeatedly bisects an interval and
then selects a sub-interval in which a root must lie for further processing, It is a very easy and
reliable procedure.
Algorithm of a Bisection method
If f(x) is a continuous function over an interval, then to find the root of f(x) = 0
by bisection method, following steps are taken.
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Step 1. Choose two approximations a and b(b > a) such that f(a). f(h) < 0.

Step 2. Evaluate the midpoint ¢ of an interval [a, b] given by ¢ = ETH].

Step 3. Now there are three possibilities;
() If f(c)=0,,thencisarootof f{x)=10.
(i) If f(c)<0, and f(a)f(c) < 0 then root lies in the [a, c] else if F(b)f(c) <
0 then root lies in the [c, b]

Step 4. Continue the process till the root is found to the desired accuracy, that is two decimal
places or three decimal places or four decimal places etc.

Example 1. Use Bisection method to find a root of an equation x* — 3 = 0 up to four iteration.

Solution:
Let flx)=x*-3=0
Taking a=1landb = 2.

Here f(1)=1-3==-2<0and f(2)=4-3=1>0
Since f(1)f(2) <0
Therefore, root lies between | and 2
1" iteration
MNow,
142

o=

flo)=f(15)= (15 -3=-075<0
Since f(2)f(1.5) <0
therefore, root lies between 1.5 and 2

= 1.5

2™ jteration
Taking a=15andb=2
(15+4+2)
e
f(e) = f(1.75) = (1L752)* =3 = 0.062 > 0
Since f(1.5)f(1.75) <0
therefore, root lies between 1.5 and 1.73

C = 1.75

3 jteration
Taking @ = 1.5and b = 175
i {1.5 + 1.75)
2
f(c) = f(1.625) = (1.6252)* -3 = —0.359 < 0

= 1.625
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Since  f(1.75)f(1.625) <0
therefore, root lies between 1,625 and 1.75
4™ jteration
Taking a = 1.625and b = 1.75
" (1.625 + 1.75)
2
fle) = f(1688)=(1.6882)* -3 = —0.152<0

= 1.688

Hence 1.688 is the approximate root of x2 — 3 = 0 after four iterations.
Example 2. Find a root of an equation f(x) = x® + 2x? 4+ x — 1, using Bisection method
correct to two decimal places.
Solution:
Here fix)=x*+2x2+x-1=0
Find the value of f(x) atx = 0,1
fO)= (0 +2(0)*+(0)—1=—1
f=(F+2)+(1)-1=3
Here f(0)=—1<0andf(1)=3>0
Since f(0)f(1) <0
therefore, root lies between 0 and 1
1" iteration
Takinga = Oandb =1
0+1
T2
£(0.5) = (0.5)* + 2(0.5)* + (0.5) -1 =0.125> 0
Here f(0)=—1< Oandf(0.5) = 012530
Since f(0)f(05) <0

therefore, root lies between 0 and (0.5

= 0.5

2" jteration

Takinge = Oand b = 0.5

0+ 0.5

2
f(0.25) = (0.25)% 4+ 2(0.25)% + (0.25) - 1 = -0.6094 < 0

Here f(0.25) = =0.6094 <0 and f(0.5)=0.125> 0
Since  f(0.25)f(0.5) <0
therefore, root lies between 0.25 and (0.5

€= =025
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3 jteration
Takinga = 0.25and b = 0.5
025405

C= T: 0.375

f(0.375) = (0.375) + 2(0.375)* + (0.375) -1 =-0291 < 0
£(0.375) = —0.291 < 0 and f(0.5) = 0.125> 0
Since f(0.375)f(05) <0
therefore, root lies between 0.375 and (0.5
4™ jteration
Takinga = 0.375and b = 0.5
0375+ 05
—
f(0.4375) = (0.4375)* + 2(0.4375)> 4+ (0.4375) =1 = —0.0959 < 0
Since f(0.4375) < Oand f(0.5) > 0.
therefore, root lie in the interval.

C = 0.4375

5 jteration
Takinga = 0.4375andb = 0.5
0.4375+ 05
c=————
2
¢ = 04688
F(0.4688) = (0.4688)* + 2(0.4688)* + 0.4688 — 1
f(0.4688) =0.112 =0
Since f(0.4688)f(0.4375) <0
therefore, root lie between 0.4375 and 0.4688.
6" iteration
Takinga = 0.4375and b = 0.4688
04375+ 0.4688
L=
2
c=04531
£(0.4531) = (0.4531)% + 2(0.4531)% + 0.4531 — 1
£(0.4531) = —0.0432 < 0
Since f(0.4531)f(0.4688) < 0
theretore, root lie between 0.4531 and (1. 4688,
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70 fteration
Takinga = 0.4531and b = 0.4688

0.4531 + 0.4688
= B = (.4609

f(0,4609) = (0.4609)* + 2(0.4609)* + 0.4609 — 1
f(0.4609) = —0.0162 < 0
Since f(0.4609)f(0.4688) <0
therefore. root lie between the 0.4609 and 0.468%.
8" jteration
Takinga = 0.4609 and b = 0.4688
e 0.4609 <+ 0.4688

2z
f(0.4648) = (0.4648)* + 2(0.4648)* + 0.4648 — 1

f(0.4648) = —0.0026
Hence, we obtained accuracy up to two decimal places. Therefore 0.4648 is
required approximate root.

= (.4648

12.1.4 Use MAPLE command fsolve to find numerical solution of an equation
and demonstrate through examples

The fsolve command is the numeric equivalent of solve. The fsolve command finds
the roots of the equation(s), producing approximate {floating-point) solutions.
Examples:
> polynomial := 3x* — 16x% — 3x* + 13x + 16
> fsolve(polynomial)

1.324717957,5.333333333
> polynomial i= x® — x- 1
> fsolve(polynomial)
—(0.7780895987,1.134724138
> fsolve(2x+y =17,x* = y* =20, x,5)
{x = 1637758198,y = —15.75516397}
> f=sin(x+y)—explx)+y=10
>gm=xt—y=2
> fsolve(f,gx=-1..1,y=-2.10)
{x = —0.6687012050,y = —1.552838698}

> fsolve(cos(x) — x = 0,%);
{x = 7390851332}
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Use Bisection method to find a real root of the following equations.
(i) f(x) = 2x* — 2x — 5,[1,2] up to three iterations

(iiy  f(x) =x%—2x—5,[15,25] up to four iterations

(iii)  f(x) =x* —x+ 1,[—2,—1] up to five iterations

(iv)  fix) = cosx,[1,2] up to one decimal place (five iterations)

(v) f(x) = 3x —e*, [0, 1] up to three decimal places (eleven iterations)

(vi)  f(x)=3x — 1 + sinx,[0,1] up to three decimal places (thirteen iterations)
Write MAPLE command fsolve to find numerical solution the following:

-

(i) polynomial :3x*y? = 17, x%y - 5xy* -2y = 1
{11} polynomial :3x% — 27x + 3
(iii)  polynomial :3x% + 9x + 3
(iv)  polynomial :2x% + 4x + 2
e Regula Falsi method

This approach is also known as the false position method. It is an iterative method for
determining the real root of a nonlinear equation f{x) = 0. This method gives a better
approximation for the roots of the equation than bisection method.

e Algorithm of Regula Falsi method:

Let f(x) is a continuous function over the interval, to find the approximate root of f(x) =
0 by Regula Falsi Method following steps are taken.

Step 1. Find pomnts @ and b such that a < band f{a). f(h) < 0.
Step 2. Take the interval [a, b] and find next value using

formula; x; = nﬂb;:?(g

Step 3. If f(x;) = 0 then x; is an exact root.

else if, f(xy).f(b) < 0 then approximate root lies in [xy, b]

else if, f(a).f(x;) < Othenleth = x; approximate root lies in [a, x;]
Step 4. Repeat steps 2 and 3 until desired accuracy is obtained.

Example 1. Find a root of an equation f{x) = x* — 3 using Regula Falsi Method up to four
iterations.

Solution:

here f(x) =x* =3

,
A
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s0, f(1)=—2<0and f(2)=1>10
therefore, root lies betweena = 1and b = 2
since f(1)f(2) <0
1" iteration
e af(b) — bf(a)
f(b)—f(a)

(1) —2(-2) 1+4
METI-=2) 8
flxg) = fl1L6667) = {1.666?)2 -3 ==0.2222 <0

= 1.6667

Ind iteration:

Here f(1.6667) = —0.2222 < 0 and f(2) =1 >0

root lies between a = 1.6667 and b = 2
\, = Y 0) = b(@

f(b) = f(a)
(1.6667)(1) - 2(-0.2222)

A 1— (—0.2222)
f(xy) = F(1.7272) = (1.7273)? —3 = —0.0165 < 0

= 17273

3rd iteration:
Here f(1.7273) = —00165<0and f(2)=1>10
Root lies between o = 1.7273 and b = 2
. ﬂffb) —bf(a)
- f(b) = f(a)
(1.7273)(1) — 2(—0.0156)
e 1—(—0.0156)
fxq) = f(1.7317) = (1.7317) =3 = -0.0012 < 0

= 17317

¢k iterntion:
Here fF(1.7317)=—00012 < Oand f(2) =1 >0
root lies betweena = 1.7317 and b = 2
O =@
fb) = f(a)
(1.7317)(1) = 2{=0.0012)
= 1— (—0.0012)
flxy) = f(L732) = [1.?32)2 —3=—0000176 <0

Approximate root of the equation x®—3 = Ousing False Position method
is 1,732 (After 4 iterations).

= 1.732
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Example 2. Find a root of the equation Ze* sinx = 3 using the false position method and
correct it up to two decimal places.
Solution:
Let f(x)=2e*sinx—3 =10
so, f(0)=2e"sin0—-3=0
fl0)=-3<0
also f(1) = 2e'sin(1) -3
f(1) =1574770
since  f(0)f(1) <0
therefore, root lies between 0 and 1,
First Iteration
P af(b) — bf (a)
f(b) = f(a)
here a=0and b =1
0x(15747)—1 % (-3)
i 1.5747 + 3
x; = 0.6557
Now  f(x;) = f(0.6557) = 2e"5%7 5in(0.6557) — 3
£(xy) = —0.6507 <0
since  f{0.6557F)f(1) <0
Therefore, roots lie between 0.6557 and 1.
Second lteration
a=06557andb =1
RIORG
f(B) = f(a)
0.6557(1.5747) — (0.6557)(—0.6507)
%2 = 1.5747 — (—0,6507)
x, = 0.7563
Now  f(xz) = f(0.7563) = -0.0761 <0
since  f(0.7563)f(1) <0
therefore. roots lie between (L7563 and 1.
Third Iteration

_ (0.7563)(1.5747) — 1(-0.0761)
B 1.5747 — (0.0761)

s

x; = 0.7675
Then the best approximation of the roots up to two decimal places 1s 0.768,
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Exercise 12.2 |

Use Regula Falsi method to find a root of following equations:
1. x? = 2x = 5 =0,[2, 3] up to three iterations.

sin{ 2x) — e*~! = 0,[~2, 1] up to four iterations.

[

-
i

¥* —x—=10=0,[12] uptotwo decimal places.
4, 3x +sin(x) —e® = 0,[0,1] up to three decimal places.
5

f(x) = 2cosx —x = 0,[1, 2] up to five decimal places.

= Newton's Raphson method

The Newton Raphson Method is also commonly known as Newton's Method. It is
an iterative procedure for determining a better approximation for the root of a continuous,
differentiable function f{x)=0atx = x;
Algorithm
Step 1.

Let f(x) is ditfferentiable function over (a, b) then to find the approximate root of
f(x) = 0 by Newton’s Rephson method. we have to take initial guess x, € (a, b) such that
fxp) # 0. Following steps are taken to find approximate root by Newton's Rephson method.
Step 1.

[
LR )

Step 3.
- fx)
2 =0T )

Step 4.
By continuing this process, desired accuracy is obtained.
Example 1. Find a root of an equation x* — 3 = 0, using Newton Raphson method up to three
iteration.
Solution:
Let f(x)=x*-3=0
fi(x)=2x
For our simplicity, we take initial guess x; = 1.5
Ist iteration:
flxg) = f(1.5)=(1.5)* -3 = —0.75
f(15)=2(15)=3
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_ _ffxn}
=R )

15075 s
" 3 — '

X

2nd iteration:
f(xy) = f(1.75) = (1.75)* — 3 = 0.0625
F(1.75) = 2(1.75) = 35

Az = Xp — ,rJ{XI]
f ()
0.0625
Xy =175 - == = 17321

Ard iteration:
flx2) = f(1.7321) = (1.7321)% - 3 = 0.0003
f(1.7321) = 2(1.7321) = 3.4643

f{xz)
Xy =Xy — =
BT i)
=1.7321 — — L 1.7321
My== 34643
Approximate root of the equation x? — 3 = 0, using Newton's method is 1.7321 (After 3

iterations),
Example 2. Find a root of 3x — cosx — 1 = 0 by Newton's Raphson method, correct up 1o 4
decimal places.
Solution:

Let flx)=3x—cosx—1=10

f(x)=3+sinx

We take initial puess x, = 0

Here f(0) =3(0) —cos0D—1

flo)=-2
and F'(0) = 3 + sin(0)
fl0)y=3
1" iteration

[P fxo)

T fixe)
-

1=0-

x, = 0.6667
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2nd iteration:
flx;) = f(0.6667) = 3(0.6667) — cos0.6667 — 1
flxy) = 0.000167
flxy) =3+ sin(0.6667)
flx;) =3.01163

Now
xy = 2y - L.
f(x)
0.000167
X = 0.6667 — 301163
X2 = .666T — 0.0000554
X, = 0.bbbbO
F(0.6666) = 3(0.6666) — cos(0,6666) — 1
f(0.6666) = 0.000032
Hence 0.6666 is the approximate root correct up to four decimal places.
| Exercise123 )
Use Newton Raphson method to find a real root of following functions:
L. f(x) = 2x* — 2x — 5 up to three iterations with initial guess x; = 2.
2. f(x) = x* — x — 1 up to three iterations with initial guess x; = 1.
] f(x) = x* — 2x — 5 up to two iterations with initial guess x; = 1.
4. f(x)=2cosx—x%x,=0 5 flx)=2"-x-17x,=15
b flx) =3x—e*x=0 9% flx)=3x—V1+sinx,x=1
12.2 Numerical Quadrature

Cuuadrature refers to any method for numerically approximating the value of a definite
imntegral

ff(x}d_x.

The estimated calculation of an integral using numerical technique is known as
numerical integration.
12.2.1 Define numerical quadrature. Use:

*  Trapezoidal rale,

 Simpson's rule, to compute the approximate vaiue of definite integrais

without error terms.

Traperoidal Rule

The Trapezoidal rule is an integration rule that evaluates the area under the curve by
dividing the total area into smaller trapezoids rather than using rectangles.
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Trapezoidal Rule Formula

To prove the trapezoidal rule, comsider a
curve as shown in the figure [2.1 above and divide
the area under that curve into trapezoids.

Let f(x) be a continuous function on the
interval [a, b]. Now divide the interval [a, b] into n
sub intervals with each of equal width A x.

We use here formula to calculate the width
A x = h of each subinterval. Of @ X1 %2 %o Xe=—==Xs=- x,_; b »X

b—a
Ax=h==——suchthata =xy <x; <xz <x3<,..,<x,=h Fig. 12.1

We see that the first trapezoid has a height Ax and length of parallel base is the sum
are f(xg) or vy and f(x;) or ¥, respectively,
Thus, the area of the first rapezoid in the above figure can be given as,

1
5 Axlf (x0) + £ (0]
The areas of the remaining trapezoids are

1 1
7 8x[f () + fOe)] 5 Ax[f () + Flx3)]
and so on.
Consequently,

” Ax
[ e = 5 (1) + 7)) 45 (F) + £ ) + £l +

A hx
S (FG) + Q) S (FCone) + £ ()

Ax
After taking out a common factor of 3 and combining like terms, we have,

. A
f flx)dx = ;U(-‘-’u) + 20 (ey ) + fle) 4o+ flxqq)) + flx)]

Then the Trapezoidal Rule formula for area approximating the definite integral f; f(x)dx is
given by:
Ifwe take y = f(x) and Ax = & then, we have

b h
f ydx = Ty = 21y + 20 + Yok +¥p0) + il
i

Example 1. Approximate the area under the curve y = f(x) betweenx =0and x = 8

using Trapezoidal Rule with n = 4 subintervals, A function f{x) and x values
are given in the following table:
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x 0 2 4 6 | 8
f(x) 3|l 7| 12 |93
Solution: As f(x) and x are given in the table:

The Trapezoidal Rule formula for n = 4 subintervals is given as:
h
Ty =5 [f(x0) +2f (1) + 2f (x2) + 2f (x3) + f(x4)]

h
Ty = 5[f(x0) +2(F(x1) + f(x2) + [(x3)) + f(xa)]

Here the submterval width Ax = b%u = # =2

Now, substitute the values from the table to find the approximate value of the area
under the curve.

2
AzT4=E[3+2(?+11+9}+3]

A=T, =[6+2(27)]
A =T, = 60 umt square.
Therefore, the approximate value of area under the curve using Trapezoidal Rule is 60,

Example 2, Evaluate _[; }',; dx using Trapezoidal rule, taking subintervals n = 5.

Solution:
1
ORS:
Herea = 2and b = 7, subintervalsn= 5
h—a 7-2
MNow, = ==
n 5
The values of x and f(x) are given in the following table:
X 2 3 4 | 5 6 | 7
1 1 1 1 1 1
™ \zl3|a|s|e|7
OR
x |2 3 4 | 5§ 6 T

f(x)|0.5/0.3333(0.25/0.2|0.1667 | 0.1429

Using Trapezoidal Rule

h
Ts =5 [F (x0) + 2(f (x1) + fxz) + FQ3) + f(x4)) + [(x5)]
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1
Ty = -[0.5+2(0.3333 +0.25 + 0.2 + 0.1667) + 0.1429)]

1
Ty = -[0.5 +2(0.95) + 0.1429]

T, = 1.2714
3=
Example 3. Evaluate f ; eX dx using Trapezoidal rule with subintervals n = 6.

Solution:
Z
fix) =I ex dy

1

Herea = land b = 2, subintervalsn = 6
b—a 2-1

Now, h = =——=0.1667

i [

The values of xand f(x) are given in the following table:
x 1 |11667|1.3333| 15 |[1.6667(18333| 2

f(x)|2.7183|2.3564| 2.117 |1.9477|1.8221 |1.7254 | L.6487
Using Trapezoidal Rule

I
T, = E‘Lr(xﬂ) + 20 (xq) + Fxz) + FOrs) + F(x0) + Fxs5)) + f(x6)]

0.1667
Ty = ——[27183 + 2(23564 + 2,117 + 1.9477 + 18221 + 1.7254) + 1,6487]
T & “'lzﬁﬁ? [2.7183 + 2(0.99687) + 1.6487] = 2.0254 unit square.

Simpson’s Rule
Stmpson’s rule is an extension of Trapezoid rule, It contains two different schemes

1 3
Simpson’s 5 rule and Simpson’s E rule. Here, we discuss each one separately.

Simpson’s 5 Rule

1
Let f(x) be a continuous function on [a, b, then value of f: fix) dx by Simpson’s =
rule is calculated by

. 1 h
Simpson’s = = = [{}q, +y ) HA4y, +yhty ) 420y, + oyt +}’n_z}]

Here hois the width of each interval and caleulated by h = -b%q

Where n denotes number of subintervals,

Note: The method is only valid if n 15 the multiple of 2. ]
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Example 1. Evaluate fﬂz 2x dx using Simpson's 1/3 rule withn = 6.
Solution:

Let f(x) = [ 2xdx,

Takea=0,b=2, andn==6
b—a_2-0_1 o33
% &6 8 *

The values of f(x) atxare given in the following table:

h =

1 2 3 4 5 6

4 0 = 2 il = et b
3 3 3 3 3 3

fix) | 0] 0.6667 | 13333 2| 26667 | 3.3333 |4

Use Simpson's 1/3 rule by taking y = flx) forn =6

fi
Siy= 3100 + ¥6) + 400 + s +¥5) + 2(v2 + )]

0.3333
S1,= = [(0+ 4) + 4(0.6667 + 2 + 3.3333) + 2(1.3333 + 2.6667))
Si,= 2323310+ 4) + 4(6) + 2(4)] = 4 square unit.

Example 2, Evaluate _fu e* dx by Simpson's 1/3 rule withn = 6.
Solution:
Let f(x)= J' e”* dx,

Takea=0,b=1andn = 6.
b—a 1-0 1

h= =——=—=[L667
n 6 6
The values of /(x) atx are given in the following table:
1 2 3 4 5 6
x |0 = = e i = s
3] 5] 6 G 6 (&

flx) (1 [11814 |1.3956 | 1.6487 |1.9477 |2.301 |2.7183

Use Simpson's 1/3 rule by taking v = f(x)

h
Sl/s= —[U’u + ¥s) + 40 +ya +ys) +2(y: +}’4}]

0. 16
Sy, =———[(1+ 2.7183) + 4(1.1814 + 1.64B7 + 2.301) + 2(1.3956 + 1.9477)]
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0.1667
3

S, = [(1+ 2.7183) + 4(5.1311) + 2(3.3433)]

Si,= 1.7183 square units.

Example 3. Evaluate f]z e’ dx using Simpson's 1/3 rule by takingn = 4.
Solution:

Let f(x)= _[lz e* dx

Takea=1,b=2,andn =4

b=a 2-1 1
h= Tt 0.25
The values of f{x) at x are given in the following table;
X 1 125 1.5 1.75 2

f(x) | 27183 | 7.0507 | 29.2243 | 212.592 | 2980.958

Use Simpson's 1/3 rule
f
Sy = §i(}'u +y4) + 40y + y) + 2(2)]

0.25
S3 =~ (27183 + 2980.958) + 4(7.0507 + 212.592) + 2(29.2243)]

Sy = 0'3-—25-[(2.? 183 + 2980.958) + 4(219.6427) + 2(29.2243)]

S3; = 326.7246 square units,
Simpson’s E Rule

Let f(x) be a continuous function on [a, b] there values of _f: flx) by Simpsun's%
rule is calculated by

3h
Sy = E{(}'u +¥n) +3n 2 H Y Yt o) H 2005 + Vet 3l

b-d
n
Where n is the number of subintervals. The formula is used when n is the multiple of 3.

Here R is the length of each interval and ealeulated by h =

Example 1. Evaluate _I:; e” dx by Simpson's 3/8 rule withn = 6.

Solution:
Let  f(x) = [, e*dx,
Takea=0,b=1,andn =6

g
A
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1
T 0.667
The values of f{x) at x are given in the following table:
< lo . 2 3 4 2 3]
6 6 6 6 6 6
f(x)|1]1.1814 | 1.3956 | 1.6487 | 1.9477 | 2.301 | 2.7183

Use Simpson's 1/3 rule by taking y = f(x)

3h
S; == (00 +y6) +2(y3) + 3001 +y2 +ya +¥5)]

3(0.1667

§; = %{(1 +2.7183) + 2(1.6487) + 3(1.1814 + 1.3956 + 1.9477 + 2.301)]
3(0.1667

53 = % [(1+ 2.7183) + 2(1.6487) + 3(6.8257)]

5‘5 = 1.7183 unit square

Example 2. Evaluate f;iﬁfdx by Simpson's 3/8 rule withn = 6.

Solution:
&

f(x)=L 1 ix

1+x2

Herea = Oand b = 6. Subintervalsn = 6

b—a 6-0
h= = =

S—_=]

n 6
The values of x and f(x) are given in the following table:

x 0] 1 s 3 L 5 6

flx) 1105|0201 0.0588 | 0.0385 | 0.027

Using Simpson's 3/8 Rule
3h
Si = E[(}’u +¥) + 2(¥3) + 30y + y2 + ¥4 + ¥5)]

3x1
S =5 [(1+0.027) +2(0.1) + 3(0.5 + 0.2 + 0.0588 + 0.0385)]

3x1

—g— [(1 +0.027) +2(0-1) + 3(0.7973)]

S;g=
B

5% = 1.3571 unit space
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12.2.2 Use MAPLE command Trapezoid for trapezoidal rule and SIMPSON
for Simpson rule and demonstrate through examples
The trapezoidal rule to compute an approximation to a definite integral. The call
trapezoid (F(x),x,n) finds an approximation to the definite mtegral _f; [ (e)dx using n

subdivisions of the imterval [a, b]. We use the (rapezoidal rule with n =12 to find an
b1

roximation to dx,

w fﬂ Vi+xt

where, f(x) stands for an algebraic expression in x

x variable of integration

a lower bound on the range of integration

b upper bound on the range of integration

n stands for the number of trapezoids to use{optional)

[ Note: All above operators should be taken from the Maple calculus palettes. ]

Trapezoidal Rule
= with(Student[Calculus1]):

1
= Approximatelnt (—~—
J1+ ()

An approximation of j'u] f(x)dx using

cx = 0.1, method = trapezoid, output = pfﬂt);

0.8

Trapezoid rule, where f(x)= ! and the
1||x“ +1 0.6
partition 18 uniform. The approximate value of the
integral is 0.9264474916. Number of subintervals
used; 10, 0.2
= Approximateint
1+ expl{x),x = 0..3, method = trapezoid,
( output = plot, partition = 10 )

0
o 02 04 06

Fig. 12.2
-~

20

An approximation  of f; flax)dx using
Trapezoid rule, where f(x) = 1 + * and the partition
is uniform. The approximate value of the integral is 10
2222846420, Number of subintervals used: 10.

= Approximatelnt 5
(EDS(I} —exp(—x),x = 05,35 method = rrupeznid,)
output = plot, partition = 10
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An approximation of

35
jf{x}dx
0.5

using Trapezoid rule, where

flx)=cos(x) —e™
and the partition is uniform. The approximate value
of the miegral is —1.404622147. Number of
subintervals used: 10.

Fig. 12.4

Simpson Rule

= Approximatelnt

(1;[::2 +30x+2),x=0.3method = Simpson,) 0.4
output = plot partition = 10

. 0.3
An  approximation  of J'; f(x)dx using
1 0.2

xe+3x+
partition is uniform. The approximate value of the
integral 1s 04700185982, Number of subintervals 00

used; 10 Fig. 12.5

Simpson's rule, where f(x) o and the
0.1

= Approximateint
(EIP(IZLX =—1..1,method = simpsnn,)
output = plot, partition = 10
An approximation of f_11 flx)dx using
Simpson’s rule, where f{x) = e** and the partition
is uniform, The approximate value of the integral is
2.925362800. Number of subintervals used: 10.
Note: Before executing above commands, it
1s important to write with (student [calculus1]).

-1 -05 ¢ 05 1
Fig. 12.6
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Evaluate the following integrals by Trapezoidal rule

() [le® dx with 6 intervals (i) ) dxwith § intervals
"
(i) fZsinxdx with 7 intervals vy Jy e dx with 5 intervals

]

1
Evaluate the following integrals by Simpson 5 rule

() [(4x® + 6)dx, with 4 intervals (i) 7 o dx, with 6 intervals
o
(1) _[Ew.fsin x dx with 6 intervals {iv) j'; 1—22- dx with 8 miervals
+x
3
3 Evaluate the following integrals by Simpson 5 rule

J-&lnx

(1 ff v'I‘ dx, with & mtervals {it) ST dx, with three sub intervals

2x 13
(111} j';%dx with 9 sub intervals (iv) _If sinx dx with 6 sub mtervals
+X

4. Write MAPLE Command Trapezoid for trapezoidal rule and SIMPSON for Simpson
rule
; xZ-2 i
(i) 5 ,x = 0..1 n = 10, method trapezoiadal rule

§ih] 94+ x2, x = 0.4 n =10, method trapezoiadal rule
vaa 1 ] [

(1) Priera’ EE 0..2 n = 10, method simpson’s rule
{iv) e™* | x= 0.2 n=10,method simpson's rule

Review Exercise 12

L. Select the correct option.

(i) If real root of an equation f(x) = 0 lies in the interval [a, b] then f{a)f(b) will be
(a) >0 b) <0 fey =0 (d) All of them

(ii) [n hisection method, the approximate rool is alan of end point of an
interval in which actual root lies
(a) Arithmetic mean  (b) Geometric mean  {¢) Sum  (d) Product

(11} Iterative formula for False Position Method to solve the equation f(x) = 0 at interval
|a, b] is

af(a)-bf(b) } af(b)-bf(a)

@1 () O b
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af(a)-bf{b) @ af(b)-bfia)
f(b)-f(a) f(b)-f(a)
The Fastest method to solve the nonlinear equation numerically is
{a) Bisection Method (k) False Position Method
(¢) MNewton Raphson Method (d) Bothaand b
Newton Raphson Method fails when derivative value of f(x) becomes
(a) =0 (h) =<0 ic) =0 (d) All of them

Iterative formula of Newton Raphson method of solve f(x) = 0 is

[Xn) iy

{ﬂ} Xng1 = Apn + (Xn) [b] Xng1 =Xy — flxn]
X X
(€} Xp41 = Xy +@ d) 2y =25 — M

[ an) [ )
Numerical integration comprises a broad family of algorithms for calculating the
numerical value of a?
(a) Definite integral (b) Indefinite integral
(c) Simple integral (d) Compound integral
In Trapezoidal rule the number of sub interval is the multiple of:
(a) O (h) 1 (c) 2 d) 3
In Simpson One Third Method, the number of subinterval is the multiple of
(a) 4 {b) 1 {c) 2 {d) 3
The fastest method to solve the definite integral numerically is
(a) Trapezoidal Rule (b) Simpson One Third Rule
(¢} Simpson Three Eight Rule (d) Bothaandb
Using Bisection method find the root of cosx — xe™ witha=0and b = [, by taking 5
iterations,
Find a root for the equation 2e*sinx = 1 using the false position method and correct
it to three decimal places with three iterations, taking [1, 2] as an interval.
Find the cube root of 12 using the Newton Raphson method assuming x; = 2.5.

Solve fﬂl cosx*dx using trapezoidal rule forn = 5.

Solve ffz e*dx using Simpson one Third as well as Simpson Three Eight rule for

n=a




Answers

I (i) x* + 3%y + 3xy? +y°
{11} cos(x) cos(y) — sin{x) sin{y) + sin{x) cos(y) — cos{x) sin(y}

(iii) 5a* + 2ab + 10b* (iv) 2e*y
(V)x*—x—6 (vi) Jx+ ¥
& 1) (x—2)(x*+2x+4) (i) (x = y)(x + ¥)(x?* + v*)
fiii) {x — 2)(x + 2) (i) 3x{x +5)0x—-1)
(v) 2(x + 2y)(x + ¥) (vi) (x + 2)*
£ (1) x+1 {1i) T
S 3xi+2x—1
(111} {1v) 2+1
-2
4 05 5 l 3 I I
2
o,
20-
104
4 2 2, 4
~104

Exercise 2.1 )

k. (1) Domain=R; Range ={yly € RAy =0} (ii) Domain=R: Range=R
(i) Domain=f{x|]x e RAx =0} ;: Range={y|lye RAy = 0}
(iv) Domain={xjx € BAx+#0};Range={ylye Ray >0}
(v) Domain={x|x e RAax # 0} ; Range={y|ly e Ray # (0}

2. (i) 10x2 =13 (i) S50x% +40x+5 (i) 25x+ 12  (iv) 8x*—24x? 4+ 15
-8 1. 16 5. cos?x + 1

" @
A

—4

6. (fogy™t =7 (gon™ ==~




Answers

Exercise 2,

(i) algebraic (1) inverse trigonometric (1i1) exponential
{iv) logarithmic (V) trigonometric (vi) exponential
{vii) algebraic (wiii) trigonometric (ix) logarithmic
(%) nverse trigonometric (xi) trigonometric (xii) algebraic
(xiii) hvperbolic (xiv) logarithmic
(xv) inverse hyperbolic function (xvi) inverse trigonometric function
2 (i) implicit function (i1) explicit function  (iii} implicit function
(iv) implicit function (v} explicit function {vi) implicit function
3 () f(x)=e* (i) f(x) = 3logpx
’ : =y
il
" 1 )
b oL
i I v D A e S O e e B
44 J‘r =3 "Illr
2 ) f
- —1
- = 1l

Y

b ]
(i) y = V36 — x2 oy X R
4




Answers

(i) (2,e2) (i) (=1,1) (it} (5,6) (iv) {3.5}
(v) (3,10) (vi) [3,5)
5
X {10 (i) 1 3 (1) ; (1) 3 (i) —1
4, 5 5 (i) 39 (i1} o (1ii} 10 {iv) =32
6, (1) 125 (ny—1 (1i1) 0 (1v) 14 (v) 273
(vi) 27 {vil) e (wiii} ed” {(ix) e?? (x)e™9
(xi} In17 {xii]%” (xiii) —1 (xiv) e'® (v In(7)
. . 8
(xvi) 9 (xvii) =5 (xviii) e? (xix) 3 (xx) =3
% (i) a® (i) a (iii) 27 {iv}% ME
iy —4 Gl wn® gl
(vi) — {vii) e (wiii) nZ (ix) =
8 {']i i) 1 i (iv z v) (Ina)?
; 1] & (n (1) 3 ) s (v}
’ o B 1 |
(vi) (In2)(In 3) (vii) s (viii} 16 {ix) 5 (x)0
- )3 = v () g
(xi) e {xii) (Xl 1673 (xiv 7 3
{13 1)1 () —4 (i11) Does not exist
(iv) lim f(x) = 3, lim f(x) = 5, lim f(x) = 4, lim f(x) = Does not exist \
Exercise 2.4 )
I iyl (i) —4 (11} Does not exist
p i LLH} flx) =3, J1{111% J(x) = Does not exist il_l:r% filx)=-4 and Ixirl]1 flx) = Does not exist
3. (1) Continuous (11) Discontinuous {ii1) Discontinuous
4. (i) Discontinuous (i1) Discontinuous (i1} Continuous
5. Continuous everywhere but not at x = 2 6. k=2
7. k=9 8, (iim=1n=3 (ipm=3
1
Review Exercise 2 ]
E; i) C (i} c (iii} d (iv) a {v)

{vi) C (vil) a {viii} b (1x) d (%)

g
A




Answers
(xi) a (xii) a (xiil) ¢ (xiv) a {xv) d
(xvi) ¢ (xvii) ¢ (xwviit) d (xix) d (xx) b
2 (D Vxt—4x2 +7 (iyx2+1 (i) vx2+6 (iv)x*—4x2 42
3, 16
23 2.
5, (i) implicit function: y = E—%x—-_'_;— (ii} explicit function: y = 3% 3 3%
e . . -3 R . . 5
(iii) implicit function: y = s s (iv) implicit function: y = =1y
{1 (1) [1,e0) o f{} (i) (43)  (iv) {2,3) (v)[39]  (vi)[2,7)
1. { 12, =1 13, 0
8
14, (i) 116 (i} ?—? {iii) 20 (iv) —41 (v)2
1
{vi]; (vii) e? (viii) 2In3
15, (1) Discontinuous (ii) Discontinuous (i1} Continuous
i6. Continuous at x = 2 ; Discontinuous at x = —2
Exercise 3.1 7))
l. (i) 4.3 units {11) 13.89 units {i11) 22.75 units
p {1) 6.1 wsquare units ~ (11) 47.8 cubic units
3. Inflation = Rs. 20.5 per year 4. (a)14.4m/s (b) 15.84 m/'s
- Exercise 3.2 )
’ i 3 1 .
(i) 2 (11 —37% {111) — TR (iv) —2x (vi2x+1
; i) : 1 [
(vi) 2x vii) 3x2 () 8x-3 RK)-—=g X)=—
{ (x+2) (2x+5)
; 2 " =1 3
= (11) 3 (iii) 15(6x + 7)Z
3(2x+1)3 (2x-1)2
=9
() ———=
2(3x-5)2
_— Exercise 3.3
(i) 25x* (ii) 7x® (i) 15x'§ (iv) i (v) x%t
VX
5
(vi) —100x 10 (vil) =3 (viil) 53 (ix) —= (x) ——2-5—

¥i6



Answers

4

2 (i) = + - (if) 2 + 3x°
. az+h?  ag?-h? )
4 )
(v)x 5—x 2
. 2x .. - 4
3. (i) Gax* — % (i) 3x% = x3

1 3
(iv) 10x% = 150x**  (v)2x 33— x4

“"}3%’3_;+ x

(iv) 220 4+ 1!

2 4

(iii) 3x 75 — 23

4, (i)3x* —6x+2 (ii) 4x® — Bx + 2 (iii) 6% —4x® + 3x* + 1
(iv) 81x® +49x8 +x¥—x3+1
" 4 i 6x°+4 i) 11x°+6x+5
§c i) 20x — )7 1ii 5 ry
V3xi+a 15(x+1)3(x2+1)5
. I(x—1)(x+1)*
(v) Svx+ay (o )
2 5
2x2
" . =17 . 4x L 2x(x-2)
- W5y W) a2 O 2 4x—1)2
_ 4x3(2b%-x%)
V) = V) ————
[Bif=x®) VE(vE—1)
Exercise34 )
1 3
(i) 3x(2x2 + 5)(x* + 5x% + 6)2 (ii) —
2{x—1)3(x+1)4
mn
1 n(x+1..' x2-1) Ll
iti) 1 7 (1Iv) v,r'z— (v} 2 ]
2(24x)2(3+x)2 xt=1 (x3+1)3 (x3-1)3
y 1 : y ; ... —{x+2)
- (1+x3)* & 1-x-cosy () 3(1-y2) () y+3
a0 —[ycos(xy)+secx tan x] ) Jﬁ }'+'2,||{1+I}{1+}*]
1w Vi -
x cos(xy) T e42 [(140)(1+y)
L OF+1)-2xy
)
(xe+1)—-2xy
4 . m oy N 5 S e = 2
: et — e s — e e =
du ,bz'u ian d'u azv UPD ngent une ?
§ } ) . secyx tanvx
6. (1) dcosdx (i) —2sindx (i) ————

2x




(Y}

Answers
[ sec’x (v) —3csc3xcot 3 i) —2cs5¢22
(1v) AT V) csc3xcot 3x (vi) =2cs5c“2x
(1) f'(x) =sinx+ (x+2) cosx
(i) f(8) = sec? Btan B (2sec?d + 3tan® @)
(iii) F'(t) = 3cos?t(sin6t cost — sin?3t sint) (iv) fi(x) = %
(v) f(8) =sinB + cosB (vi) f'(x) = 2xcosx® + sin2x
2
(1-tanx)?
ol i ) —xcos lx
{:}2 {u}2 {iii) 1 {iv) ———-1_1_2
x+(1-x%)tan"1x _
(v1)
(14x4)? 2y 1-x2
) " . . b(t*-1) -
(i) —tan {11} 71 (111} = {1v) 0
d -1 _1 d . _I d d t_l _1
—iE s S T st X =
dx J1-x2 ' dx ezt T dx 1+x2
~ Exercise 3.5
(i) 2x + 2¥In2 (ii) 4*In4 + 5%In5  (iii) (secix — csclx)etanrtoot:
TR 2. 2y planxt - :
(iv) 2xsec*(x“)e (vl 4(Zx+1) (vi) Taia
(x=1)%e*

A ot SN/ S, X 2x

(vii) 2+1)? (viii) 2x 4 2*In2 4 2a**lna, wherea > 0
- ¢ [ 1 E(M) _3 (3x)
(ix) (Inx) [Inx+inﬂnx)] (x) > \g3xsp-3% —Ztanh 3x

ot (Inx)

(xi) T (xii) secx

5
[‘]—ZI'—,_ {"}E (i) (1 inx)es*
1 e i) = iii xsinx)e
fowh —3y 3 1 i Ex
(-2xem™(s0 W Z i (1-eX)/1-e2%
—x(3+x%) y -1
(i)——35" (i) =3 3

(14x2)2 (1=-x)z(1+x)2



Answers

51

4 @i (if) (sin~tx)"

In (sin~1x)

nx
z + msxinx)

(sinx+cosx)

(iii) tan "'y Sinx+Cosy e
( ) (1+x%)tan "x

(iv) () [S25 — simen ()] ) 2%(1 +1m0)

Inx 1+ 2
Jl—xz sin_ x

+ (cosx — sinx)In (mn“'x)l

P

X

=2
e
2

{iw}—}F
x(1-ylnx)

. .y (xIny+y Loy (2xi-1 o
5 (i) x(}m) (i1} I(E}-'Eul) (iit) —2
[ﬂﬁ - sinxln(sin_Ix) (vi) —
Exercise 3.6 D)
h(l 3
{i}w (ii) 3e** cos h(e®*)
 coshx sech? yx++x sinhx tanhyx
(iv) E] (v)
2vx cosh? x

xy1-x2 sech™x +y 14x2sinh™x
xy1-x*(sech~1x)?

(vii) coth x* sinh x — 2x cosh x cosech? x*

(viii) cosh x tanh x% + 2x sinh x sech® x*

(ix) 2(x + 1) csch(x? + 2x + 1) sech(x? + 2x + 1)
3x+(1-9x% )tanh ™" (3x)

(vi)

) i =1 3
2 (i}cosh™ " x {u) bt
oy, Bt . 3x?sec?(x?)
(iv) Z2tanh™ x —l—tanz =)
3. (i) > dif f(2x? + 3x% + 6, [x]) (ii)

(i) > dif f((x+1)(x +2), [x]) (iv)

}%{x3+5+3x+?)
d i+
(x3+1)

4. (i)

(i) >

(ii)

dx

(iif) (4x + 3)sinh(2x% + 3x)
esinh~1x

‘m—z Sec

Z{:Esinh i r)

L =y
) MEnsh“l x
V1=xsech™'(vx) -1

21-x
> dif f(sin(2x + 3), [x])

S diff ((%3_%2) [x])

d o
:-Hsm(x]

(vi)



Answers
Review Exercise 3 -
1. i d iy a (i) b (iv) ¢ (v) d
(i) d (vii) b (viii) b (ix) ¢ x) d
(%1) a (x11) ¢ (xii) ¢ (xivli b ixv) d
(xvi) ¢
—-sinx secyxtanyx In(sinx)
% 3 roaalnx
2, T E 3. (sinx) [—"—x + tc:-txin:r]
s dy ax+hy =2 m 8 dy t(t)
: e 5. = —_— = -
dx hx+by x241'6 dx B
" i —6x? -6 i 2x+3
' T e P S T L 3
(¥°=1) @ (x2+1)2
—sinh(cos™1/x)
[0, (1) (il) =2 cosec2x,
' 2y x=x2 '
Exercise 41— )
L. y'=—=sin2x , y'"'=—-2cos2x , y"" =4sin2x
5 £02) = COSX
('lvlrsin'xjE
i ; - ” —80 15 15
3. (i) R () = 2520¢% — 144 (i) fPx) =—=—-=+——
313\11‘“ xﬁ IEJ;
. =15 = : = =
i (i) *ﬁ- (ii) cosx (iii) 81 sin3y + 16e™% — py~*
) . —(x24y7) : Gi -3(3x%+y?) - -2x(x3+y%)
5 =— : f) e {i) st
¥ y ¥ y*
_d¥y -2 . d%y
7. {I}IE = st {"}E = — Cosec3#
=3 =5 == =7
8 rtl=6-2tT +e' : r({t)=3tT +e'; r'¥ (= TtT + et
déy -25
[} — e —
dx? 27
&y 2 . dly
10, {.}}E;g(x +3x* + 6x + B) {..}::-Hf(msv“zxﬂj
3 z
ey Y 2 , d™y
(i) > T (e tsx43l) {1v) }EF (Inv3x+2)

3
(v) = % {Esin:r)




Answers
~ Exercised.2
2 o . 52
E (i) cosx =1-— T R T (1) e*=14x +ﬁ+'"
12 f
i In(t+2) =x - +5 - {iv}stn2x=x2—§+%—
. xz . - 2 xg
(V) e =14x+5 - (vijxe ™ =x = x4 5 =
gy 2
{vu}—1= 1— ddedl =i
4
72 @) —-1— =1 + & 31} (x 41] onas
iml=-(x-1+ (x -1 = (x - 13+
1 1 T 1 14
i + — S Vi X ——
(i) 7= r( 4) ﬁzz( *) -FE'( A]Jr
. T . | | 7
- (x =5)+5(c =) ~5i(<-5) +7(x -5 -
3. No. Functions f and g are not defined at 0. Moreover, derivatives of all orders of f, g
and h do not exist at (0.
4. Use Maple Command to find Taylor's Expression of the following functions:
(i) > taylor(e®, x = 1,10) (ii) =taylor(sin(x),x = m 10)
(iii) > taylor(cos(x) ,x = m, 10) (iv) =taylor(In(1+ x),x = 0,10)
v = tayfﬂr( x= 15) (vi) = tﬂyiar( x= 25)

Exercise 4.3

27 2 =2
I — 2 i
4 W21 421

3, (i) Equation of tangent 3x — 4y + 4 =0
{11} Equation of Normal 8x 4+ 6y —31 =10
4. B = 377 b. (3,2)and (—1,2)

& (i) x=1Minimum
(it) Relative minimum at x = 515 =2 ; Relative maximumat x = 115 1
(iil) Relative minimum at x = 0is0 : Relative maximum atx = +11is+1

x ix
iv) Relative mini =i 8t 1,550 : Relati i met 1.666
V] Kefative mimmum aty = —— 15— = 1. yEelfve maximumaly =—15——— = 1.
( L) + 7 \2

(v} Relative mimmum at x = —0.34651s 2828 (v1) Relative maximum at x = 115 |
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Answers
The Dimension of the tank is: Length = a, breadth = a and height = g.
hz
T fi. Speed: u + at ; Acceleration: a
Review Exercise 4

(1) b {i1) ¢ (i) {ivi «© iv) b
(i) @ {vil) & (vil) & (%) b (x) ¢

i E{I-xzj dz_}F -5

= 3. e T —
fx) m dx? ~ 36ud
(1) 6 (i) — L cos (_x_) —8sin(1-2x) (iii) —125e7>* + 64x ™3
27 3
(i) g"(x) = 12x cos(2x* — 9x) — (6x* — 9)* sin(2x* — 9x)
= —Fart
(i) 2"(x) = 42x—3x
(7—%)

(iil) Q"(v) =16(6 + 2v — v?)™° + 40(2 — 2v)*(6 + 2v — 12} °
(iv) H'(x) = 98sin®(7t) — 98 cos?(7t)

dz
) d—; =—6x(y+2) " —9u'(y+2)"°
(vi) ¥"(x) = 2y°(6 — 2xcy) *[2 + xy(6 — 2xy) 7]
}'r = —sinx: y:' = —CoSX }'m =sginx :},hr = COSY
d*y =5 , e n!
dx? = 16 cos3t * FT&) =G
+x-2=5x-1+6(x—-12+4x-1D*+(x-1)*

x(=7)

3 4
(= 1)e* = (= Vet (r = 1o+ S5 4 =D,

1+ g x3 x5 e xen—l
n(5) =2(x+ 545+ ) =255
y=x-—4 13. (%,%)

Increasing at (%m} ; Decreasing at (—"’: %)

Exercise 5.1 )

(i) B—{0) {ii}R—-[{zn;”H,‘v’n ez}
(i) R* (V)R- {nmYnEZ)

— -.} T
ov3 j+ i
(i)—2i-5k (ii) 2 (iii) 10] + 5] + 4k (iv) 375 —30]



Answers

4, continuous 5. continuous
6. ({tlt >—3andt+ 1, t+Et2,teER} (ii}[tltatuandrqe'?‘.rr:ﬂ}

 Exercise 5.2

2 2',' g 5y i
{I}t1+2|ﬁ'j+4tk |[||}L+r+21
(iii) (sec t tan £)7 — 2t sint2J+ (2t + Dk
2, (i) =i+ 2j -3k (i) 4t (iii) 12tf — 6] — Btk

(iv) 6t + 12t]
3. (a) Bt] + k (b) 8]
4, 6| = V2549 : |d| = V404
3, Velocity component = 445 : Acceleration component = 4
Review Exercise 5 )]
1. (1) a (ii) b (i) a (iv) ¢ (v) a
(vi) a {vii) ¢ (viii) b (ix) i (%) ¢
2. 4i+8f+k
3. (1) 4i (i) 5 (if)614+157+2k (iv)30i—60]
4 continuous 5. {titeRA—-4 <t <6}
6. {i}f (£) = 4t%et" [ + 3t3] — 2tcosec t? cott? k
(i) F'() = Int i+ 6t2e2t’j + 3t%sec ttan t3 k
j ld| =12 8. v=—i+6]: a=5:+ﬁj‘
Exercise 6.1 )
W B g 15 W ow . e
1 (1) Ex + € {11]——+£' (i1i) 2a E+C
3 2 , -1 3
(i) Sby3 + € (V) X% =¥ 4+ 5x +C (V) ==+ C
- 5 —
{vit) zx +3|nx+2x2_x3 + {(viii)sinx —3cosx + C
3
. {secx+tanx) sectx
(ix) In Fsecx—cotx | T ¢ Goin lm‘
(x1)9e* —3sinx+ S5cosx+C (xii) tanx — cotx + ¢
2 3 1 3
2, (i) E(Ex?' +9x+3)2+C (i) (ax* +2bx+ )2 + ¢




Answers

{iii) 2V3x2+5x+2+C

1
(v) ;x“ —3x° +13x° —24x + C
2 2
(vii) '2—?(x3 -3t +9)2+¢C
2 s
(1%} E (cusx + sin x)l +C
e 9
3. {1]“£ln|x +3|+E;'
(iii) In]x® + x* —x® + x%| + C

1 3 2
[v}§|n|5x 3t +6x+9|+¢

(iiye*sin"tx+ €
(vie*lnx+C

4. (iYe*sinx+C
(ivie*tanx+ C

() e
(1) 5 tan . +
1
(iii) = sec” (E) 47
3 3
1
(3 1n[3x + Vo + 16| +

1 |34x
{vii)—=In |=—
L] 3

[, ]

+

—_

1 = 9 _yf2x
(ix) —xV9 — 4x° 4+ —sin — |4+ C
z 4 3

1
(xi)— tan " (:i) +C
27 3

L () 3WxE+7+C
4 3
(iii) 5(1 —x)2—-6V1—x+C
(v) —vV1—x24+C

1 P i
wm;(a +x%)z *E(q +x)z+¢

1

—+C
B(x?+4x+3)

{iv) —
L 3
{w}gx e G i it £
1
fviii};x?-3x5+25x3—125x+c

1 ;
{x}z (tanx + sin :Jr:)Z + O
(ii) Injtanx + sinx| + C
(iv) Inle* +Inx| +C
(vi) 2In|vx + 1|+ C
(iiiye*tan ' x + C

(ii) sin™ (5) + €

2t—3
2t+3

(vi) iln|4x +V162 = 9| + ¢

PO SOIC 5 -
(viii) — sec =1+
4 2

Ly X |
{n}sn + C

{x}-:—x + V25 + 97 + -2—:~1n|3x +v25+ 92| + ¢

1 |x-
(xu1) —In —| +C
16 lx+2

: Exercise 6.2 )

R 3‘;‘
(ii}E(QS—IE) +C

1 >
{iV]E(sz +4x+5)2 +C
(vi)Invx?+2x+5+C



Answers

2 3 Bz s 4
(vili) — (x* —9)z + - (*-9)2+c¢C

1 1z 3 A
{ix}E(x5+3)5 —;(x5+3}2 +C (x)In(x® +x2+5x-1)+C
1
(i) E(Inlxl)z L (i) In|(Inx)| + C
(i) = In|(Incos x)| + C (iv) In|sec(Inx)| + C
(MVI+eZ+C (vi)e*®n* 4 ¢
(vii) e —tan~1(e®) + C (viii) — %E[m"‘“ e N
3x
{ix}m + l:‘ {'x} E,SlT‘I:I-i'CDﬁx'i'E + c
L (i) —gycosi2x + € (ii) 2 In|sin Vx| + €
1
(i) o= 2 + sin3x)” + € () ~~cos(ax +b) + €
: i1 2
(viIn|sinx —cosx|+ € {w}g tane™ + €
1

.. 1
{wii} 35(a+beosec 3x) +C (viii) = 3 Inj2Zcotx+ 3|+ C

s e L
{m}§|n|3tanx+4| & {x}gsm(Sr— 5)+C
. . | 1. .54
4. (1) Ei—gsm dy + C {II‘}—EEIDS(EI-FE)-F-aCUS (3x+5)4+C
o 2 3 X o - Tl Boyd
(m)y—sinZx ——sin2x + € {ivi=sin” x + =sin” x —=sin" x4+ C
3 7 5 9 7
2z 2 1 g 1 .12 1. 4
{v}—Zﬁcusx+§msfx+€ {vﬂgsm x+Esm x—*s-sm x+C

sin*x  sin®x

- 1 1
{vii) i - E + £ {vm}-ﬁmsﬁx+1cuszx+£
R 1. 1 1
{ix) T% sin Bx+4sm 2x+C {x}—ﬁcusiﬂx+§ms4x+ﬂ'
(xiytanx —x+C {xii}—%cat3x+mtx+x+£‘
__tan®x tan*x tan®x
(xiii) 5 = 3 + 2 +in|msx|+£‘

1 i
{xiv) E tan 2x + Etan‘ 2x+ C

! o3 +1 VL +C
V) T s5ec X = 5ec X —"=—5ec X
S 9 15



Answers
3 7
L1 T " 2 1
{XVI}—EEﬂt?ax-@CQt 3x+C {x\flllgtanix+?tan2x+c
S £ g ; 2. 3
{xviii) — 7 cot 2x— geot 2x+0C (xix) —2v/cotx — Ecnt?r +C
(xx) 2vZsin +
Exercise 6.3
3
1 2 :
1. E(Q—X)?-—Ei\.r“}—x‘*+c :_m%hc
81 X 9 1
3 ?sin_l(g)—gxw‘g—xz+Ix31.|'9—x2+£‘
41ta“(5x)+c 5. ——=1+C
e 5.
3 3 44422
5 3
1 3 = 2
ﬁ.zln|x+'\fxz+4|+£' ?.E(x2—4)2+4{12—4)2+£

1 x x
8 Injx+va*+x2+C 9, + -0
njx + vaZ + x2| 256 [.4'15_;,52 3{1&-x2}%‘

1 5 3
10. 81(x% = 9)Z + £ (x2 —9)Z + 6(x* - DT +C

1. tan~!(x +2) +C 12 sin~? (x%Z) &
2x-9 1 fx+1

1. sin~! = =
13. sin ( g )+C 14.435‘: (4 )+C

1 | g
15, Esec_l (x?) +C 16, —2v8x — x% + 3 sin™! (%) +C
7. Ve + 26+ 5 + tan~ (52) 4 € 18.3Inlx + 2| - + €
I*J.21,;'2[3'3+4x—5}+§ln|x+2+vx2+4x—5|+£'
20, —2v5 + 4x — %% — sin~? (%3) il

~__Exercise 6.4

M (2-2x+2)e*+C (i) (x* = 3x>+6x—6)e* 4+ C
(iii}) xsinxy + cosx + C (ivix(lnx—-1)+C
(v) 2(xsinx +cosx) —x%cosx + (vi) In|sinx| — x cotx + €
(vii) x tan x 4+ In|cos x| + C (vii) x(Inx)® + 2x(1 = Inx) 4+ C

(i) i(x + 1) m(x+1)* -1} +¢ (i) %xzﬂnxz =1)¥C



Answers

(iii}—4—j;{1+lnx2)+c fiv}—a:i?;{inxﬁi-Z)-FC

1 . . 1 . .
(v) ;sin‘* xf{insinx)® =1} + ¢ (vi) g tan® x {In(tan x)* — 1} + ¢
(vii) —%cmtz x{In(cotx)® =1} + C (w.fiii}".;:“secd x{in(secx)® =1} + ¢
(ix) cosecx [1 — Injcosecx|] + € (%) —%{1 +lnx)+C

{xi}%secxtanx + lnm +C
(xil) —%cusecx cotx + Iny/cosecx — cotx + C
4. (i) x sin1(3x) + %W+ C
[ii}é (x5 tan ' x — ix'* + %xz - Inm) + C
(iti) xtan™ 2x - 7In(1 + 4x?) +C

I 1 : S
{iv}*ixjcnstx—;xvl—x2+;sinIx+£‘

3
(v) 2% sin™1 3x + 55T = 9x2 — o= (1= 9T + €
(vi) x2sec lx =V —=1+C (vii) 3x% cosec™! 2x + :3;—1."4x2 -1+C

mii}%{zf cot "x+x —Inj1+ 2%} +cC

8. {i}xsin3x+%m53x+f (i) (2 —x*)cosx + 2xsinx + €
(iii} x tan x — Insecx — %—xz +€ {iv) x tanx + Injcos x| + C

5
{v};[~2x cot 2x + In sin Ex] +C (vi)2vxsinvx + 2cosvx +C

1 1 _
{vii) zezr(sin 2x — cos Ex:]' + £ {viii) E e "(2 5in 2x — cos Zx) +

EHI

{ix}%x[sin(in x) +cos(lnx)] + ¢ (% (asin bx — b cos bx) + C

a®+b?

ﬁ}%{x\f? — +9sin™! (’Ec)} +C (i) VEF A7 + 4Infx + VAT | +C
[iin% [x+Va? - 25 - 25 In|x + v/ - 25]] + ¢

Exercise 6.5 )

-Iidhﬂ(x -3)B(x+7)Y|+Cc 2 mlx-3)x-43|+C

T




Answers
1 X=qa
4, —1n +C
2a x+a
) -E-'I e + &
B S
~ D= 1) + 5 [17Infx — 5] + Injx + 3] + C
16 nix 37 nx nix
9 x—2 16
8. = |n = +
25 x+3 5lx—2)
5 245 |x-6 182 31 ¢
: 27 " lx=3| ToG—3) T332
1 =l 1+t
1 E[l*ﬂnlx =3[ =7l + 1] —2tan el +C 1. W +C
17 2x—-1 19
122 InN1+2Zta & 3. = ‘ | - €
2 AEE 49" | x-4 T(x—4) t
W el AT (i) C
] 31 n x2+2+ 11 an NG =
15, 2x=In|(x + 2)(x + 3 +¢C
1 4 1
6. Sx'=5z+j [smlx=2| + 121m|x+7|] + ¢
" 2 ""_::"'"F
Exercise 6.6
, 78 . 1184y2+1329 , 27
(i) 34 (if) (iif) 70 (iv)4v3 +1n3 +5
2
{vlg(?}\/g—*ﬁ—‘i)
, 1 (59
3 (i) 5(125 — 4V10) (it) 7 In (ﬁ) (i) VAT — 5
2
(iv) 243 [V]E (vi) =3
L2 . elf— _ 4243
(vii) z {viii) coZ {(ix) 0 (x) i
3 ()0 (i) 0 (iii) 0 (iv) 0
L - iy 352
(v) 3 {vi) -3 (vii) T
i 5 _ 1 i =1 3m—4
T 5.0 (V3 1)+12,F{x]-x+tan x+=
(i) —4 (i) 4 (iii) =7 (iVI0 (v} =3 (vi)3
] {1}6 iit) 2 (1) 3 {1v) 16



Answers
. - - _128Inz
i — - —
(i} > (35& 19 ) {ii} = 7
L 7m—343 - m=ln4
(iii) >4 (iv) 2
I 9 2 0.195 3. 1.2958 4. 0.6575
T 4m—34/3
5 = f. . —_—
= 5 30 2\3 7
3n
9. 3269017372 10. 1. 4(W3-1) 12 119442
12—4+/3—1
13, 57396 14, 282658 15 1—-";_
I, (i) =int(e**, x = 1..5) (ii} = int(sin(x),x = 0. 4m)
(i} > int (cns[Zx} x=0.5% (iv)  =int(In(1 +x),x = 0.3)

R = int (%,x = 2..5)

Review Exercise 6

(i) d (i} c (iiiy  d (wi) o (v} h
(i) I {vii) i (viil) @ {1%) b (x) od
(xxi) a (xi) b (xiily a (xiv) ¢ (%) i
(xvi) a (xwvil) ¢ {xviil) a (xix) b (xx) e
3
- 3 (1) ln|x'3(x2+ 1)7| — % +4tan'x+ ¢ (i) In|tanx|+c
: Inx)”
(iii) % tan” (e*) + ¢ (iv) (Sﬂ +c
v In |:::if§| +c {vi)  xtanx 4+ In |cosx| +c
3
X gl = %
(vii)  In|Sec8] + ¢ (wiii) ZT" HLNE =2 In @) Hie
1
(ix) tan” (3tanx ) + ¢ (x) xcot ' 2x + ln|(1+ 4x%)4 |+ c
(xi)  4yx-x-InGx +D'+c
w22 3 7 - 11
(xii) —%cus Ix +-;ms§x—ﬁc057x+f
_—— Exercise 7.1
. (1) 10 units (ii) V2 units  (iii) V65 (iv) 6 units
& (1) (0,7);(0,-3) 3 (—11,0) or (—3,0) 4. Scalene triangle

6 (=40 () @0  Gi)(3.-3) @ (23)

g
A




Eh

Answers

(4i2} (1r"_3)i{_51?}i(3r1} 9. ?[lﬁlﬁlgj
KE2=25k=6 1L 02wmd(=2-3) 12 (2 a2
hk2=2:5;k = 1. (0,2) and (=2,-3) 2, (Tq)an 4
[3;,%] 14, (11,10)

[,-,(12,3.}25) (i) (-1,0) 6. 5:2; 4:3

i (329 (i (-3 2 18 (2,4

~ Exercise 7.2
b

(i)=2 (i) —4 (111) 0 (iv) =

(i) -2 (i) —3 (i) undefined (iv) 0
Ed_—3 _—?t:lE m)—1and1 '44:1_—1
{i) 7 and = (i) > andZ (n1) =1 an (1v) 4 an 5

(i1} Lines are perpendicular.
(iv) Lines are parallel.

{i) Lines are neither parallel nor perpendicular.

{iii) Lines are parallel.
7 _=8

}' =§ 6. X = 5 H' (BrS}

Exercise 7.3
y=—dandx = 3 Z y—2=0adx-5=10
}r:S 4 x = —5§
(i) 4x —y =22 =10 (ii) 2x+ 3y + 14 =10
(i) Bx—-20y+17 =10 (iv) mx—=y4+b=20
v} 4x + 11y +5 =0 v 3Ix+4y+5=0
(vii) 2x—(t;+t;)y+2atyt;=0 (vii) y=2x+3
() y=—x-2 (x) y=5x-5
(x)y y=20 (xn) 3x + 4y = 12
(xiii) S5x —2y = —-10 (xiv) x+5y=-5
(xv) x+3y =6 (xvi) V3x -y = -3
' =22y +3 g Eplas oy Epgtpe
(1) y=Tg% {11) : A (1) 5:Jc: Ey— &
Tx4+y=-11=0x+3vy+7=0and3x-y+1=10
x4y-11=0 Q. r+dy+2=0;x+y—-1=0

dx—y+4=0x~-2y—-6=0

2x4+y-16=0 12, 3x—2y—43=0 13, 2x-3y—-10=0



Answers

Exercise 7.4

(1) (10, 1) is below the line, (—4, 6) is above the line and (5, 3) 15 above the ling
{1} (=20, =15} is above the ling, (5,5} is below the line, and (100, B4) is below the

ling
(iii) (0,2) is above the ling, (=3, =3) is above the line and (20, 30) is below the line.
e (1) 1 unit {11y 5.8 units (111} 2.2 units
13
1) ——= unit 1 umt
{lv}mun! 5 (v} 1um
: : = 32 . ;
J (i) d = 2 units (ijd = — units (iii) d = 48 units
"~ Exercise7.5
1 f7 =
L e=tan"(3) 2 B=tan"1(3.69)
1. 9=tan"1(0.636) 4. 45 5. @=tan! (325)

6. 3x—y—=7=0and x + 3y — 9 = 0 are the required equations of line.
7. @ =tan"}(11) = 848055 8  a(@x+3y-8)+b(x—y+1)=0
9 (i) 30x =23y - 37=10 (i) x-T7y=20

(iil) 6x + 13y — 25 = 0 (iv) Sx—1=0
(v} Sx+3y+8=0 (vi)  23x + 23y = 11
(vil) x+2y+4=0 (vii) x — 5y + 13 = 0

0. (265650)°, (63 4349)°,90° 1. (1453)°(2137)° (13.33)°

12 90°,45° 45°

(()5x+y—15=0 (ii)2x-3v+15=0 (ii)dx—-6y+35=0

: . b ab
L (i) (2.-4) (ii) (=55, (i) (=2,-1)

Exercise7.7 )
(1) 57 square units (i1) 249 square units
(i) 52.5 square units (vi)  ab square units
1

(v) Eab[sin(ﬁl —8,) +sin(8, — 6,) + sin(6, — 0,)}
z (1) 26 square units (i1} 14.5 square units

. 25 : o . ... 338 :
4, (1) E suare units (m) ri square units (1) E square units

glc
A



Answers

ii) x — 3y = 0,x — 2y = 0. Two real and distinct lines passing through origin.
{i1) 4x — 5y = 0,x + ¥ = 0. Two real and distinct lines passing through origin.
{iii)  3x — y = 0,3x — y = 0. Two coincident and real lines passing through origin.
(vi) 2x — y = 0,5x + ¥ = D, Two real and distinct lines passing through origin.

3+y-131 3—y-=131
S St (i A

(i) ¥ +5xy+2y* =0 (i)

(i) mn'l% Gy 450 (i)

. Two imaginary lines passing through origin.
6x*+ 13xy +6y° =0

116°34' (iv)  108°26'

(1) d (1i) b (iii)  a fiv) a (v} a
i(vi) b (vii)y b (vili) ¢ {ix) C i(x) a

1,-5 3. (8,13) 4 (=271
1,3 ¢ (219)(“5)- =8
(1.3) ’ il Wiy L (=4=3)
=2 x ¥y

Pl ) LR —e

4 g g

{a) slope = 12 and y-intercept is —6.
{c) slope = 4 and y-intercept is 13.

(b) slope = —2 and y-intercept is 5.
(d) slope = 4 and y-intercept is 0.

-1 =1
x-intercept is T and y-intercept is 3 12 k=9
{a) neither (b) parallel {c) perpendicular
k=32

{iya = 3andb ER

(iii) a =13i andb € R

{i)4x + 3y — 10 = 0

(it)a = Jandb = 2
(ivia=3and b + 2
(i3x +2y -7 =10

13
() —=

V53

_ Exercise 8.1 ]

{1} cutting plane is perpendicular to the axis of the cone and does not contain vertex.
(i) cutting planc is parallel to a generator of the cone and cuts only one nappe.
{iii) cutting plane is slightly tilted and cuts only one nappe.

{1) —1 and the point is below the line

{iv) plane intersects both nappes but does not contain the vertex.
(v} cutting plane passes through the vertex of the cone.

(a2 +y2=50 (i)x?+y?4+10x—14y+38=0
(iii)x* +y* +2x—4y—29=0 (iv)x* +y* =61



Answers
(V)x?+y*—dx—6y—12=0 (vi) x% + y* — 2px — 2qy = 0
3, (i) (0,0); 5 (i) (=3,5); 7 (iif) (3, —4); V15
; : 3y, V17 _ _ 190
(iv) (4,0);v7 m(-23): 5 4 k=—
= x* +y? —6x + 8y — 11 = 0 and given circle is the outer circle.
Exercise 8.2
(i x2+y°+4x—3y =0 (i) x* + y% = 100
(i) x% + ¥ —10x—6y+9=0 (ivix? +y*—4x—9y-57=0
(Vix2+y2—13x—5y+16=10
% (i)x*+y*—Bx+3=0 (i) x*+y*—8y+11=0
3. ¥24+y:—dx-2y+4=0 4 ¥ 4+y:—3x+y=0
. x4yt —2x=0 6. x24+y2—3x—5y+8=0
% 11x% + 11y% + 16x — 42y — 155 =10
8. x2+y2+10x+ 20y +25=0andx?+y2—6x+4y+9=10
9, I +y*)—34x— 14y +96=0 11, 24+ yi—6x—8y=0
. Exercise 8.3
I (1} secant (11) tangent (i) neither
2 k? = 625 — Scand k? < 625 — 5¢ 3, y=+3x+12
4. (i) Tangent: x — 4y = 17 and Normal: 4x + y = 0
(i1) Tangent: x + ¥ = 5 and Normal: x — y =3
5, (i) V33 (i) V13 b.(mh—k+cP=r*14+m?)  7.(1,1)
8. (i)3x+ 4y =25;3x — 4y =25 (i) 3x —4y =25, 3x+4y+25=0
() 3x+4y+25=0 ;3x+4y—-25=0
(V)d4x =3y +25=0;4x—-3y—-25=0
9, 3x—4y=n,y=[:-;(—153,§),[3,u}
: . em? ~kiZ k2
= oo S . B
Sl 1+m? (i) 1+m? - ( 2 "2 )
13. c=132,-8 14. Given line is not tangent,
 Review Exercise8
I. (i) b (i) ¢ (i) d (iv) b (v)
(viy d (vii) b (viii) a (ix) a (x)
(xiy d (xii) b (xiii) b (xiv) (xv)
(xvi) a (xvil) ¢ {xviit) b (xix} ¢ (3}
5 (i)2x* + 2y —-39x+52=0 (i x*+y*—13y+26=0
3 x+v3y =0 4. k=1+2Z;k2—2k—-7=0;k=1




Answers

Exercise 9.1
1 ((0,0),(=2,0),8x-2=0,y=0 (i) (0,0),(0,—-4),16,y—4=0,x=0
(m) (2,-3),(5,-3),12x+1=0y+3=0
(iv) (=5,3),(—=5,5).8y—1=0,x+5=10
(v) (-2, 1}.(—2,%). 1,4y—3=0,x+2=0
(vi)(4,3),(2,3),8x—6=0,y—-3=0
9yi 4+ 12x + 36y +20=10
x4yt —2xy—10x— 14y +49=10

h B Sk

(i) y2 = 20x (ii) x* = —8x (iii) (x — 1) = 20(y + 3)
(V) (y =4 =4(x—-2)

6. My*+4x—-16=10 (i) x* — 20y —20=0
(iijx?+8c+6y—-11=0

5. (i) y* = 24x (ii) x* = =20y (iii) (y — 4)* = —8(x—3)

8. (i) 4x? =9y ;3y% = 16x (i) 6(x = 5)% = y;y* = —36{x — 5)

9, (x—2P=10(y—4);(y—4)* =10(x - 2)

10 reyi—6yi-27=0 1. (0,0);(90,30)

[ c=—um (2am,am®); y = mx—am2

2 {i}c=—3, = 2) 2x——
i 27 9 27 3x 27
{u}p=-T:(-E.E);}r=-T-E;4x+v’iy—ﬁ=ﬂ

(iii) € = £v2; (2, £V2)i4x £ V2y -6 =10
(iJx—y+2=0;x+y—6=10 (ii)3x+v+9=0;x—3y+33=0
(iii)3x—2y—1=0;2x+3y - 18=0

; X 2a . 1
m}'_}’l=fé{x‘3f1)i}'—}’j=x—l(x1—x) 3: ﬁm

9 .
at a distance nf-émﬁ'mnvertex 7. x2=100(y-5); 1035 8. 15 feet

Exercise 9.3 -

() a=5b=3;e=g; fociare (0,£4)

Vertices: (0, £5); mvcrticcs* 43,05 y=+%
(i) a=4b=v10;e=22; foci: (+V6,0)

Vertices: (+4,0); covertices: (D, +4/10),



Answers
Latus rectum = 5, Direcirices: x = +E
1 i _-,"E
(i) a=5b=4dse= 3;foci (6,4),(0,~4)
WVertices: (8, —4), (=2, —4); covertices: (3,0),(3,-8)
Latus rectum = -, Directrices: 3x — 34 = 0,3x + 16 = 0
(iv) a=4,b=3,e =§ ; foci: (—1,2 £V7)
Vertices: (—1, 6),(—1,—2); covertices: (2, 2),(—4,2)
D e 16
Latus rectum: " Directrices: y — 2 = i-._-"?
() a=5b=3;e=4;foci (+4,0)
Wertices: (£5, 0); covertices: (0, +3)
18 o 25
Latus rectum: —; Directrices: x = iT
(vi) a=51b=zje=g
Foci: (2 +v21,—4) ; vertices: (—3,—4),(7, —4)
Covertices; (2, —6), (2, —2) ; Latus rectum: = g; directrices; x — 2 = ij—%
2 2 2 2 2 2
) y x ¥ x
) — == iy —+—= fif) = == =
2 i1 % + 7 1 {ii) 5 + : 1 {m]25 + 1z
2 2 2 2 2 2
AT el P I
6% T ) 61 36 i (vi) 256 16
2 2 2 2
A il ke 99
{vii) - + rE {viti) 16 + e
- 2
2 o211 : - (x-5)*  (¥+3)°
3 X2y =g 4. Outside §: " + 5 =1
6. (i) 4 (i) 2413 (iii) 6
: J7 1
7 e —
(e =7 (iiye 5

8. 2x%+ 2yt -5x—-18=10
9, 7,13;x + 43y — 243 = 0and 11x — 43y - 2443 = 0
¥ gt



=Jd

Answers

2 bz

Cy e - 2
Mg+ =1

(ii) a®cos?a+ b%sin®a=p

(iii} a®1* + b*m?* = n?
y=3x+7
- L
(i) Tangent: o + pym 1

Normal: 100x — 45y — 192 =0
(11) Txcosa+ Bysina =56 ; 16xsina — 14vcosa = 15s5ina
Tangent:x-b—y@y—E:ﬂ;:rj:\E}f—B=D
Nﬂmal:Bx-ﬁ}*—1=G:3x+#§y—1=U
x+3v—5=0;x—-3yv+3=10

‘Exercise9.5

Vi) —— =

16 48
—132 —132
M6l —1)* -3y -3)*=2 [ii][yg} _{xz} =i
(ie =2 ; Foci: (+5,0) ; vertices: (+3,0); %
(i) e = =% ; Focit (0,£3); vertices: (0,V5); 7
Ll e @ i Foci: (U-ifg‘l—g) » vertices: (0, £1); %
13

(ivie = “'2 : Foei: (im G) pvertices: (+2,0);9
(i) centre: (5, —3) ; Foci: (10,-3),(0,—3)

e = rg- . wvertices: (B, —3), (2, —3); Directrices: x = ll__?— e -3—1_.-?
(i) centre: (~5,4) ; Foci: (=5,14),(~5,~6); e = 3

vertices: (=5, 10), (=5, —2); Directrices: y = §5§ = %
(i) centre: (—2,1); Foci: (=2, £V13,1); e = %ﬁ

. 4
es: (0,1),(—4,1);x = -2+ —

vertices: (0, 1), (=4, 1); x 2 NiHd
34

(iv)  centre: (3,4); Foci: (3,4 £V34); e =%



Answers

+
vertices: (3,—1),(3,9, y =4 1.!34

L

¥ =yi=16;y*-xt=16;y = +x

1
k=+— =3 V33
t 7o IS
atx bz}'l
4 Tangent: y —y; = —z—l[x —x;) ; Norma: y — 3, =E§—(xl - x4

5 Tangent; 14v5x — 514"_}'—1{}5 0 ; Normal: y —v7 = 14 E(E*ur_— x)
G !
& =
25 15
7 {}(3"(—” i ?‘r) (i) (% ﬁ) (iii) (3 — 2v/3, 2+ 33)
8. New origin: (—6,5)

X-axis: x —V3y+6+5v3 =10
Y-axis: V3x + y+ 683 -5=10
3 (2@'§+3 Eﬁ-—!})
; 2 n g
|0 X% —¥? =18 This is equation of rm.lang,ular hyperbola with centre at origin and

rotation of 45°, B B = arc tan—= 152

(i) C (ii) d (i) d (ivi d (v) b
(vi) b (vil) ¢ (vi) a (ix) b (%) d
(xi) C (xi) ¢ (xui) b (xiv) ixv)] b
{xvi) a (xvii) d (xvil) ¢ (xix) b (xx) b
2, (i) Foci: (B, —3), (2, —3); Vertices: (10,—3),(0,—3)and x —5 = ;t%
(i) Foci: (1, =7), (=9,=7); Vertices: (=1,~7), (=7,~7) and x + 4 = +3
3 (i) c =% (ii)e = +v5 (i) e = +v2
X .2 g 5
o S g AR AR
. % "8 = ( JE'JE)
| Exercise 10.1 )
Ik i1) Order=2 (i1} Order=1 (iii) Order =2
Degrec =1 Degree =1 Depree =2




Answers
(1v) Order =3 (v) Order =4
Degree = | Degree =2
2}' . dy
4. l} > +y=10 {II}H = yceot(x + 1)
o d*y dy
(iti) x%yy —2xy; + 2y =10 {w}'d—x—z- o 2y =10
5. (i) 5—2/1+cosy=x (ii) 3y = 4e** —
Exercise10.2. )
(i} secy = Cx (ii) siny = Cvx? + 1
(i) (y +x) +In(xy) =C (iviy= lln(l +x)+C
(Vix+y)=Inlx+xy)=C (vi) -; (3x+cosx)+C
(vii) y +% = 2%% 4+ C (viii) tan? y = —x2 + C
2. (i xZ=2xy—y2=0C (i) (y+2x)(2y—3x) =
(iii) x* 4 y = Cx* (iv) x% —y* =Cx
(v) r:mvsea::2 —cot (E) =Cx
3. (i) tan~? G}ril) an.vc2 +y2+x+y-!--r—ﬂ'
(i) (2x+¥v)+Inx+y-3)=x+C (iii) (x+y—2)=clx—y)*
1 5
[iv}§(2x+ V) +;In(6x +3y+4)=x+C
5. (i) 322K (ii) 79 minutes b. Q= %+ %e‘“” ;| = —4BetM

i (1) 66860 (i1) 1492 years

Exercise 10.3

1 (i) * + C (ii)y*—x*=C ({ii)y2 + 2x% = C
B E
n.v1~%=~§+c (v) €’ = Ccos®x (vi)ys —x3 = C

Review Exercise 10 )}
() b {i1) ¢ (i) a {1v) b (v} a
o) b i) b (vii) a
{)tﬂn(x+y}) y+C Lu:-t:an"'J'r Inx +C

Lad



Answers

[iii}i = In({:}-') (iv) ¥y = xcos1(Cx)

W18 17 13y*
30— +a(r+ D) (- 43+ =c
(i) In(2x +y -1+ (x+2y) =c¢  (vii) secX+tanZ = Cx
(vin) —e ¥ =e* + €
4. y=(2+9x)e™*

= . d}" 9 ss P [
5 {]}E= _x_z Ny =2y +2y=0
(iii) " = 1+ (y')? (i) x*y" +xy'+y=0
6. v=2yT+19;att = 20sec, v =45+ 19
= 1 sin2x
7. dJy=dx+0C 8. e F:-z-(x+—2—)

Exercise 11

a a a d
{i}—’r=9x2—6.—’r=zy+2 {ii}§=2x+}*—2.—f:x—2}r—2

dx ay ady
.. 9f ar
(iii) E; = cos(x + ¥}, E;' = cos(x + v}
ar af x of y
{iv) a=e cnsy,a— —e" siny {v}—xz m,a= x2+}-2
, v _zmwh v m?
F ar 3 'dn 3
3. (1) Homogeneous, degree =10 {i1) Not a homogeneous function
{ii1) Homogeneous, degree =3 {iv) Homogeneous, degree =0
(v) Not a homogeneous function {v1) Homogeneous, degree = 4
{vii) Not a homogeneous function {viii}) Mot a homogeneous function
PR xa£+yay—2f () rgh+ygh=0
(iii) xai+_}' =f {"}xai‘f}'gi*n

7. (i) ::-dtff(x y+xy +xyi ) > dif f(x2y + xy + xv%,y)
(ii) > dif f(y + xcos(y),x); > dif f(y + xcos(y),y)

(i) ::diff(%,x) > d ff(;j:‘*;)

Review Exercise 11 )]

(i) c (ii) a (iii)  a (iv) d (v) d
(vi) ¢ (vii} ¢ (viti) d {ix) ¢ (x) d




Answers

Yes f+g,f—g fgand 5 are homogeneous functions.

Degreeof [ + g 15 2, degree of f — g 15 2, degree of fg is 4, degree of '-;-is 0.

dy dz
.'!'.'E'I'_‘j.’a—y—z

Lad

Exercise 12.1 ]

l {i) 1.6250 (1) 2.0625 (i) —1.34375
{iv) 1.59375 (vi0.61865 {vi) 0.39197
(i) [> fsolve({3x*y? = 17,x%y = 5xy? = 2y = 1}, {x.y})
x = 3155009739,y = 0.2391456167
(i)  [> fsolve(polynomial) — 3.054084215,0.1112641576,2 942820058

bt

(iii)  [= fsolve(polynomial) —0.3221853546
{iv)  [> fsolve(polynomial) — 0.4533976515
- Exercise 12.2 )
l. 2.0896 zZ -1.6077 i 1.8554 4, 0.3604
5. 1.02986

- Exercise 12.3

1 1600612
4, 1.0298665 (4 iterations)
f. 0,619061 (4 iterations)

1.325200 3. 4765517
1.812497 (4 iterations)
0391847 (4 iterations)

=] LA

l. (i) 6448105 (ii) 1.469424 (1ii) 0 995800 (iv) 0841370

2. (i) 31.3333 (i) 0.864723 (iii) 0680676 (iv) 1570796

3 {i) 2.797389759 (i) 1.51075995 (i) 8777054 (iv) 0.292894
-333

4, W (ii) 14.9544232 (iii) 0.2938949

(iv) 088208098

— “Review Exercise 12 )

1. {i) b (ii) a () d {ivi ¢ (v} C

(viy d (vii) & (viii) ¢ (ix) ¢ (%) b
2. 053125 3. 0.38156 4 2.289
b 0.898914 6. 334149553




