DIFFERENTIAL EQUATIONS

SYNOPSIS

Differnetial Equation:
An equation containing an independent variable,
dependent variable and differential coefficient of
dependent variable with respect to independent
variable is called a differential equation

dzy dy 2
Eo:1. —+5—+6y=x
£ dx? dx Y
S,
2 Ox y@y

Types of differential equation:

° Ordinary differential equation: A differential
equation involving derivatives with respect to single
independent variable is called ordinary differential
equation.

d .
Eg; d_iZXB +SIin x

L] Partial differential equation: A differential
equation involving at least two independent vari-
ables and partial derivatives with respect to either
ofthese independent variables is called a partial

differential equation.
X u + Qu _ 2u
Eg Ox 4 oy

° Order of a differential equation: The order of
a differential equation is the order of the highest
derivative appending in it.

L] Degree of a differential equation: The degree
of a differential equation is the highest derivative
which occurs in it, after the differential equation
has been made free from radicals and fractions as
for as the derivatives are concerned.

S.No|Differential Equation Order [Degree
dy 1+
[® —=— 1 1
de  1+x°
d’y dy j :
® +2y=sinx
dx’ ( dx 4 2 !
d 5/3 d )
y y
S5+ =5—=-
° { ( dx ] } dx’ 2 3

® Solution of the differential equation: A rela-
tion between the variables with out derivatives
which satisfy the given differential equation is called
asolution of the given differential equation.

Types of Solutions:

° General solution: The solution which contains

as many arbitarary constants as the order of the
differential equation is called general solution of
the differential equation.

®  Particular solution: Solution obtained by giving
particular values to the arbitarary constants in the
general solution of the given equation.

® Formation of differential equation: Let the
given equation be

f(x,y,cl,cz,———cn) = 0———(1)
Differentiating with respect to n times we get n
more equatiions. By eliminating the arbitanary

constants c¢,,c,,———c, we get the differential

equation of order n.
Note: The number of independent arbitanary con-
stants in the solution of a differential equation is
the order of the differential equation.

Types of differential equations:

e Variable separable

¢ Homogeneous equations

¢ Nonhomogeneous equation
e Linear equations

¢ Bernoulli’s equations

¢ Exact differential equations

®  Variable separable method: Its general form is

d
d—z = f(x,y)
&y _[f(x) dy g(»)
Ta () T
Where f ( ), g( ) are continuous functions.

dx dy
= g(y)dy=71(x)dx () 7y 4 ()

By integration we get the solution.
Note: If the equation is of the form

e = f(ax+by+c); put ax+by+c=z then
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convert into variable separable form.
Homogeneous differential equation:

e Homogeneous function: A function f (x, y) is

said to be homogeneous function in x,y of degree
nif f(kx,ky) = k”f(x,y) where n is a constant.

Cdy f(xy) o
¢ General form is P m by substituting

¥y =vx, convert into variable separable form.

dy ax+by
Eg: e

cx+dy
Non-homogeneous differential equation:

dy ax+by+c

General form d_: T where
x

a'x+b'y+c
a,b,c,a',b',c' are constants

Case i: If 4p'—4'p=0 then by putting
a'x+b'y = z convert into variable separable.

Caseii: 4p' — 4'p = by shifting the origin to a
suitable point convert into homogeneous form.

‘ o j = bic, —bye

The suitable pointis (/, k) where b, —ah
k=% " 64
ab, — a,by

Case iii: If the D.E is of the form

dy ax—a,y+c S
dx  ax+by+e, its solution is given by

2

by’ _ax
2 2

a,xy + —¢x—c,y =K where K is

constant.

Linear differenital equations:

. dy
Type(i): General form EJr P(x).y=0(x).
Then I p (x) dx is the integrating factor and the
solution is y.eI e J. Q(x).ej O et e

d
Type (ii): General Form: d—;JFP(J’)X =0(»).

Then integrating factor is ej ?()%  Then solution

is

x.e_[P(y)dy _ IQ(y).eJ.P(y)dydy_’_ c

° Bernoulli’s differential equation:

d
Type: 1: General form d—z+P(x)'y =0(x).y",

n e R iscalled Bernoulli’s equation iny. Dividing

1
by y" and substituting i =Z convertinto lin-

ear differential equation.

d. ;
Type 2: General form d—;JrP(y)x:Q(y)x .

n € R is called Bernoulli equation in x.

° Exact differential equation: The equation
f(x,y) dx + g(x,y)dy =0 which canbe put in
the form d (h (x, y)) =0 is called as exact differ-

ential equation and its solution will be / (x, y) =c.

Note: The necessary and sufficient condition for
the equation f(x,y)dx+ g(x,y)dy =0 tobe
o _og

an exact differential equation is oy " on

Standard results:

®  Thedifferential equation of y = 4™ + 4,e™" is
Y _(al 'HZz)J’l +ai0,y=0 (A4, 4, are
arbitarary constants)

®  Thedifferential equation of y = e** (Alx + 4, ) is
v, —2ay, +a’y =0 (4, A, are arbitarary con-
stants)

° The differential equation of

y =" (4, cos fx+ 4,sin fx) is

y, —2ay, +(a2 +,52)y =0 (4,4, are
arbitarary constants)
® TheD.Eof y=4x" + 4,x"

d’y dy
x* —(m+n-1)x—+mny=0
dx? ( ) dx 4

® TheD.Eof y=A4e" + A,e™" + 4,e™"

SR. MATHEMATICS

536

DIFFERENTIAL EQUATIONS




dzy

dx? "

(o +a, +ay)

dy

dx’
d

(0{1052 +a,, + o, )—y—a1a2a3y =0
dx

The D.E of y =e™ [sz +Bx+ C]

d’ d?

—y—3a—y+3a

dx’ dx? dx

The solution of the equation xdy + ydx =0 is

2@_0{2)}:0

xy=C
, _ ydx—xdy
The solution of the equation T =0 js
X
y
xdy — ydx
The solution of the equation yx—zy =0 is
Y_,
X
e'dx—e'd
The solution of the equation % =0is
¢ _c
y
yd _ Yd
The solution of the equation w =0is
y
¢ _c
X
xdy — ydx B
The solution of —3 7 =0 is tan™ L-c
X +y X
. ydx — xdy . X
The solution of —5 5 =0 is tan '==C
X +y
xdy + ydx
The solutionof —————— =0 js logxy=C
xdy — ydx
The solution of ————— =0 is 10g% =C
ydx—xdy X

The solutionof — =0 jg log—=C
Xy y

CONCEPTUAL QUESTIONS

The order of the differential equation of the curve

y* =4ax is
1. 2 2.1
3.3 4.Can’t be determined

The order of the differential equation of the pa-

rabola whose axis is parallel to y-axis is
1.1 2.2 3.3 4.4
The order of the differenital equation of

(x—a)2 +(y—b)2 =a’is
1. 4 2.3 3.2 4.1
The order and degree of the differential equation

of rectangular hyperbola is
1. 2,2 2.3.2 3.1,2 4. 1,1

dy 4x+2y+1
E = xTy+3 is a differential equation of the
type

1. variable separable 2. exact
3. Homogeneous 4. non homogeneous
The solution of the differential equation

xdx + ydy = 0 is f(x,y)=c passes through

(1,1) then the value of C is

1. -2 2.2 3. -1 4. 1
The differential equation of the family of circles
whose centre lie on x-axis and passing through

origin s

1. x2+y2+d—y:0
dx

2. y2dx—x(x+2y)dy =0

3. yza’x+(x2 +2xy)dy =0

4. xdy+ ydx+x*dx+y*dy =0

Equation of the curve passing through (1,0) whose

-1
+x

slope is 2

p 2
L (y=1)(x+1)+2x=0
2. 2x(y—l)+x+1=0

ey 3. x(y-1)(x+1)+2=0
2 2
log X+ =C 4. (x+1)(y+1)+2x=0
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10.

I1.

10.

A particle moves in a straight line with a velocity

dx
given by m =x+1 (where xis distance). Then

the time taken by the particle to travel a distance
of 99 metres is

1. log,, e 2. 2 log,e

1
3. 2log,10 4.. Elogelo

If f'(x)=/(x) and f(1)=2 then f(3)

equals to

1. 2 2. 22 3. 32 4. 2
The order of D.E, whose solution is
y=Ce"* +Csin(x+¢,)
1.4 2.2 33 4.1
KEY
1.2 2.3 3.3 4.4 5.4
6.4 7.2 8.1 9.3 10. 2
11.3
HINTS

log(x+1)=t+c
t=0=2x=0=¢=0
Put x=99 = ¢=2logl0
/(x)
/(x)

=1=

log f(x)=x+logc =logce*
f(x)=ce"
f(l) =ce

2=ce

f(x)=te = f(3)=2¢

e

10.

LEVEL -1

Order and degree of the differential equaltion

dx dy
1. 1,1

ayY (dyY
Order of (X{J +(d_ﬁj +3y=x" is

1. 3

L L

2.1,2

2.1

Order of (3x+2y)(@j2 +5x 4y _ 0 is
dx dx’
1.2 2.1 3.4 4.3
dy 3 dyj2 ,
— |+ = | +y" =0
Order of ( dx] ( I y is
1. 4 2.3 3.1 4.2
dy ? d’y
2 +5x| —5 |=0
Order of <V ( dxj [ R 1s
1.3 2.1 3.2 4.4
2 2
d’y dy]
1+
Degree of (dsz (dx
1.4 2.3 3.2 4.1
Iy (dyY )
+ = | +3y=
Degree of o (dx] y=Xx"1s
1.4 2.2 3.3 4.1
d’y dyj dy
+2| —=—| +—=—=cosx j
Degree of 0 ( I I is
1. 4 2.3 3.2 4.1
Order and degree of the
dy ’ dsz 4 2
— | +5| = | +3y " =x
(dx] (dx Y are
1. 1,3 2.23 3.32 4.42
Order and degree of

2. 4
x? (%} +2xy (%J + y5 =x are

1. 3,1 2.4,2 3.23 4.2,2
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I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Order and degree of x*(y,) +»,* + y* = 0 are

1. 23 2.1,4 3.34 4.1,3
dy ?

Order and degree of oI —5y=3cosx are
1. 23 2.1,2 3.2,.2 4.1,1
The degree and order of

d’y ., dy ;
x2W+3xa+2y=e are
1. 2,1 2. 1,1 3.1,2 4.2,2

dy ’ d’y
— | +—=+3y=x"
Order and degree of ( dx] e y are
1. 3,1 2.22 3.2,1 4.32
Order and degree of
d’y d’y

x3ﬁ+2xzy+6y=x4 are
1. 3,1 2.13 3.32 4.22
The degree and order of

dyY . dy )
2x+3y)| — | +7 +y=e"’
(2x y)(dxj xdx2 y=e" are
1. 2,2 2.13 3.1,2 4.2,1
Order and degree of

(x2 +2x)y22 +(x2 —2)yl3 —2(x+3)y =0 are
1. 2,3 2.2,2 3.3,1 4.32

Order and degree of (1 +° )y3 =3y, are
1. 2,3 2.2,2 3.3,1 4.3,2

Y (dvY
The order and degree of (1+—yj = (—yj are

dx dx
1. 1,2 2. 1,1 3.2,1 4.2,2
Order and degree of
(2x2 +y)dx+(x—3y)dy =0 are
1.2,1 2.2.2 3. 1,1 4.23

d_z'y ’ + Q e ex
Order and degree of i e are

1. 1,2 2.23 3.3,1

The order and degree of

2 \° 4
[%j —(%j +y3 =cosecx gre

4.1,1

1. 23 2.1,4 3.3,4 4.1,2

23.  The order of the differential equation whose solu-

tionis y =ce” +¢,sinx+c, cosx is

1.4 2.3 3.2 4.1

The number of arbitarary constants in the solution
of a differential equation of degree 3 and order 2 is
1.2 2.3 3.5 4.1

The number of arbitarary constants in the solution
of a differential equation of degree 2 and order 3 is

24.

25.

1.2 2.3 3.5 4.1

Forming of the differential equation:

26. TheD.E whose solutionis y = cx” is
dy dy
1. 2y=x"— 2. y=2x—
YT Y
dy dy
3. 2y=x— 4. y=2x—
7 dx 7 dx
27. The D.E whose solutionin y = ce* is
L. y1:y2 2. Y2 =N
3.y =y 4. y+y=0
28. TheD.E whosesolutionis y = ge™ is
Loyy, =y 2 =y
3.y, =) 4 yy, =y
29. TheD.E whose solutionis y = csin x is
1 ﬂ =ycotx 2
e Y . Y, +y=0
dy dy
3. ——=)COSX 4. — = ycosecx
dx 4 dx 4
30. TheD.E whose solutionis y* =3ay—x’ is
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31. TheD.E whose solutionis y =cx+c—c” is
I. y12+y=(x—i-1)y1
2. y12+y1=(x+1)y
3. y12+y=(x—l)yl

4 y=xy+y-n
32. TheD.Ewhosesolutionis y = agx’ + bx” is
L. x?y, —4xy, +6y =0
2. Xy, —4y,+6y=0
3. x’y, +4xy, -6y =0
4. x*y,—2xy,+6y=0
33. The D.E whose solution is
y=acosx+bsinx—5is
L.y, +y+5=0 2. y,—y+5=0
3. y,=y+y 4. y,+y=10
34. TheD.E whose solutionis y = 4cosx+sinx is

dy
1. —+ytanx=secx
dx

dy .
2. —+ysinx=cosx
dx

dy
3. —+ysecx=tanx
dx

dy
4, —+ ycotx=cosecx
dx

c
35. The D.E whose solutionis Y = ; is

L y+x=0 2. y=xy
3. xdy+ydx=0
4. xdy—ydx=0

36.  y=ce™ isasolution of

l. y=y 2. y =2y
3.y =4y 4.y, =6y
37. TheD.E whosesolutionis y = ge** is
1. y, =5y 2.y, =2ay
3.y, =2y 4.y =y

38. TheD.E whosesolutionis y = K'sin™' x is

1. yzd—y\/I—x2 sin”' x
dx
ﬂ:(\/l—xz )sin”x

2. ydx
.4 dy
1—x? =sin”' x.—=—
3. ) e
4, Z=A1-x
4

39. TheD.E whosesolutionis y = ax® +bx+c

is
l. y;=y 2. y,=Xx
3. »,=0 4. y,=0
40. The D.E whose solutionis y = acosx +bsin x
is
. y,+3y=0 2. y,+2y=0
3. y,+y=0 4. y,+4y=0

41. The D.E whose solution is
y=Asin2x+ Bcos2x is

1. y2=4y 2. y2+3y=0

3. yv,+y=0 4. y,+4y=0

42.  TheD.E whose solutionis y* = 4ax is
L Yy , Y_Y
Cdx x " dx 2x
dy x dy x
3. -5 4. 2z
dx 2y dx y

Solution of the differential equations:

dy 1-
43.  The Solution of &) 1S
dc 1-x
L (1-x)(1+y)=c
I=x_,
2 l—y_
3 (l—x)(l—y):c
1+x
4 =c
1oy
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44,

45.

46.

47.

48.

49.

\/1+y2

dy
The solution of —+ =0 is
dx 1+ x?

l. sin'x+sin”' y=c

2. Tan'x+Tan"' y=c
3. sinh™ x+sinh™ y=c
4. cot' x+cot” y=c

o dy _ 2x
The solution of dx 3y2 1S

1. y’+x*=c 2. y+x' =c

3. y¥y-x*=c¢ 4. y’—x=c
) dy x+x°
The solutionof —— = 7 1S
dx y+y

L. X¥’—y'—y*—x"=c

2. 2(x3—y3)+3(x2—y2)=c
3. X+ +x+y=c

4. ¥’y+xy*=c

The solution of ydx —xdy =0 is
1. y* =cx 2. y=cx
3. y=cx 4. x> =cy
The solution of x’dy — y’dx =0 is

1, x4—y4:C 2. x2_y2:c

50.

51.

52.

53.

54.

55.

: dy :
The solution of —— =tan y is
dx
logsinx =2x+c¢
logsiny=x+c¢

logsiny=2x+c

el A

logsinx=2y+c

. dy .
The solution of E =cosechy is

l. x=coshy+c 2. x=sechy+c

3. x=sinhy+c 4. x=cothy+c
X —X d X —X .
The solution of (6’ +e )d_i:e’ —e€ is

1. yZIOg‘e"—e*"hc
2. y=sinhx+c
e +e

3. y=log +c

4. y=sechx+c

d .
The solution of d_i +2x=e"is

3x 2

l. y=3e"—x"+c¢
2 —eh—xz—i-c
.y 3

3. y=e" -2x+c
4. y=e—x*+c
1+y2 .

d
The solution of Y 1S
X secx

—

. tan”' y=cosx+c

D

tan”' y =sinx+c

(8]

. ¥’ =cosecx+c

he

10g(1+y2):cosx+c

d
The solution of 2xy d_i =1+)"is

1. 1-y" =|ex|
2. 14" =|ex|
3. 1-x" =|oy|
4. 1+x* =|oy]
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) dy 2xy ) dy x
56.  The solution of ——— 7=0is 62. Thesolutionof - = is
dx 1+x dx y
L. y=c(l+x2) 2. y=cl+x l. ¥*—y’=c 2. ¥+y*=c
c c 3. X’—-y=c 4. ¥ +y'=c
= y:
SR re A o e
63. The solutionof —+—5 =0 is
o dy y+2 dx y
57.  Solution of d_: s
roxT l. ¥+y*=c 2. ¥ —y*=c
1. y+2:c(x—l) 3. ¥—y=c 4. ¥ 1y =c
2. (y+2)(x—1):c . dy '
64. The solution of d—+y=1 is
3. 10g(y+2):c(x—y) *
1. x+logll—y|=
4. log(x—1)=c(y+2) gll-y]
' dy 14y 2. y+10g|l—x|=
58. Thesolution of = = is
de 1-x 3. x(1-y)=c
1+ y=c(1-
! Y C( x) 4. y(l—x)=c
2. (I-x)(1+y)=c X
65. Thesoluti fﬂ=x+x i
3 ( )( ): . e solution o A y—y is
4 (L)l y)=e 1. 3(y2—x2):2(x3+y3)+c
. 2@_2.
59.  The Solution of X s 2. 3(x2+y2)=2(x3+y3)+c
1 y=g+c 7. y:£+c 3. x2_y2:x3+y3+c
X 2 2 2 3 3
4. X +y"=x"+y +c
2
3. y+;=c 4. y=2x+c 66. Thesolutionof ydx + xdy =0 is
1. xy=c 2. xt+y=c
d 1-y? _ _
60.  Thesolution of -+~ L —0is 3. x-y=c 4. x=cy
- 67. The solution of x*dy — y*dx =0
l. sin"x+sin”' y=c
1 1 1 1
2. cot'x+cot y=c 1. ———=c 7 —+—=c
x oy x oy
3. Tan'x+Tan™'y=c
3_ x3—y3:c 4. x2_y2:c
4. sinh' x+sinh™ y=c
d
i Ay joer. 68. The solution of 2 tanx is
61. The solution of E=e is dx
l. 2y=x*+c¢ 2. y=x*+c I e’ =csinx 2. e’ =ccosx
3. ¢ = 4. ¢ =c.
3.y oxte b ay=x e e’ =ccosecx e’ =c.secx
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69.

70.

71.

72.

73.

74.

75.

d
The solution of d_ic} =2ytanhx is

1. ¢y =sinh®x 2. cy=sech’x

3. cy=cosh’x 4. cy=coth’x

. dy .
The solution of I +ytanx =0 i

1. y=acosx 2. y=asinx

3. y=logcosx+c

4. y=atanx+c

. dy .
The solutionof — =¢€¢" 7 is
dx

e —e'=¢

3. e —e' =c

The solution of (1 +e" ) vdy =e"dx is

1. y? zlogc(e" +1)

2
Y log ce”

y?z = logc(e" +1)

4. 2y:10gc(ex +1)

d —
The solution of &y is
dx
L 2" 427 =¢
3. 2V = ¢

2. 272 =c¢
4. 2% — e

d
The solution of (1 +x° )d_i =2xcoty is

1. secy:c(1+x

)
2. cosy=c 1+x2)
)
)

76.

77.

78.

79.

80.

) dy _ 2.
The solution of y—=1+y" is
dx

1. 2x:10g[c(1+y2)]

2. x=¢y’

3. c(l+y7)=x

4. 2y =logfe(1+x")]

The solution of (1+ * ) dx = xydy is
L 14+)* =ex’ 2. (1+y°)x" =c

3. 1+y° =cx 4, (1+y2)x=c

The solutionof%=(1+y2)(1+x2)_1 is
1. y—x=c(l+xp)
2. y+x=c(l+xy)
3. y=(1+2x)c
4. xy=x"+x+x

b

=1+2x 1
e is

The solution of (x P+x )
1. ey:c(x2+x)
2. y:x(x+l)+c
3. y=(1+2x)+c
4. xy=x"+x+c

. dy .
The solutionof X+ y—=35is
dx

l. x*=10x+y*=c

2. X =Sx+y’=c
2
3. %:10x+x2+c

4. " =10x+x"+c
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81.

Integrating factors of differential equations:

82.

83.

84.

85.

86.

87.

d
The solution of(x+y+1)d—§ =1is

1. x:—(y+2)+cey
2. y=—(x+2)+ce’
3. xz—(y+2)+ce)C

4. x=(y+2)+ce”

dy .
ILF of ——ycotx =cosecx is
dx

l. sinx 2. tanx

3. secx 4. cosecx

dx
LFof Ylogy—+x=logy is
dy

1
1. log(logy) 2. log »
_

. d .
LF of smxd—y+ycosx =2sin’ xcos x
x

I. sinx 2. cosx
3. cotx 4. secx
d
I.Fof—y+l=x2 1S
dx x
1
1. — 2. x
X
3. cosx 4. 42

d .
LF of (1+x3)d—i+3x2y:sm2x

1

3

L 1+x

3. 3x2

LF of X10gxd—y+y =2logx is
dx

I. x 2. logx
2
3. log(logx) 4.~

88.

89.

90.

91.

92.

93.

94.

dy :
ILFof —+ ysecx =tanx is
dx
l. secx 2. tanx
3. secx+tanx 4. cosx
d_y+ 4 1
LF of gx x2+1y (x2+1)2 is
1. 52 !
SRR S|
) _
3. (x2+1) 4 (x2+1)2
LF of cos’ xd—y+y = tan x
dx
1 secx 2. etanx
3 esinx 4. P
d +1
LFof =+y=2"is
dx X
X ex
L.~ 2. —
€ X
3. xe* 4. o
The substitution required to change

(3y—7x+7)dx+(7y—3x+3)dy=0toa
homogeneous differential equation is

l. x=X+1Ly=Y

2. x=X,y=Y+1

3. x=X+1Ly=Y+1

4. x=X+2,y=Y+2
The type of the differential equation

d
x—y+y:y2 logx is
dx

2. Bernoulli
4. Homogenious

1. Linear
3. Exact

The type of D.E (1+y2)dx = (tan’1 y—x)dy is

2. Bernoulli
4. Homogenious

1. Linear in x
3. Lineariny
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95.

96.

97.

98.

d )
The solution of 22 +sm (ZJ is
dx x

X
1. tan(zlj—cx=0
X

2. tan (ZJ—cx =0

X

3. tan(ljjtcx—x:O

X

4. sin (L]—cx =0

X

By substituting y = vx, the transformed equation
of(x+y)dx+(y—x)dy =0

1. /—= 2. —=—
dx  x(1-v) dc  1—v
dv  1-v dv  1+V

3. - = 2 4. - =
dx 1+v dx 1-v

By substituting x = vy the transformed equation

0f(1+e’”y)dx+e“‘/y (l—ijdy =0 ig

4. y%+x(v+ev)20

By replaceing x=X+4, y=Y+K where

h=1,K=0. The transformed equation of

d_y+3y—7x+7_0

dx Ty-3x+3 s

99.

100.

QA _TX+3Y Ay STX+3Y
LdX 3X-7Y T dx 3X-TY
, Y _7X-3Yy Ay 7X 43y
Ldx 3X-7Y T dX 33X +TY

When x =0, y = -1 the particular solution of the
D.E (l+y2)dx+(l+x2)dy =0is

l. x+y+xy=1 2. x+y+l=xy

3. x+y+xy+1=0

4. x—y+xy=1
The solution of the D.E

vdx —xdy + 3xzyze"3 dx=018
l. x+e" =cy

2. x+ye”‘3—cy:0

3. x—ye”‘3+c:O

4. x+ye’ +cy* =0

KEY
1.2 2.3 3.1 4.3 5.3
6.3 7.4 8.4 9.1 10.3
1.1 12.2 13.3 14.3 15.1
1.3 17.2 183 19.1 20.3
21.2 22,1 23,2 241 25.2
263 27.3 281 29.1 30.1
31.1 32,1 33.1 34.1 35.3
36.2  37.3 181 39.3 40.3
41.4 42.2 43.2 44.2 45.3
46.3 47.2 48.3 49.4 50.2
5.1 523 53.2 542 55.2
56.1 57.1 58.2 59.3 60.1
61.1 62.1 63.4 64.1 652
66.1 67.1 68.4 69.3 70.1
71.1 72,2 73.3 742 75.1
76.1 77.1 78.1 79.1 80.1
81.1 82.4 833 84.1 85.2
86.1 87.2 88.3 89.3 90.2
91.2 921 93.2 941 95.1
9.1 97.2 982 99.2 100.2
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Level - 11 5 5372 )
. . . d ay . dy d”y
Order and degree of Differential equation: 11. Degreeof | == =K—is
dx dx dx
3dy . 1.4 2.3 3.2 4.1

dy 3/2
—4+3x| =x+——
1. Order Of(d ] 7 1S

X X
1.3 2.2 3.1 4.4 der and d fqfl+ <y (2+d—yj/3
. . . . 12.  Orderanddegree o e e

dy Y vl . 5
2. Orderof DE1+| =5 | =] 2+~ ]| s 1.2,3 2.2,9 3.2,6 4.2
d2 d 3/2
1. 4 2.3 3.2 4.1 13. Thedegree of d{ (17“(6;)] =0 s
ay\ . d? d 1.2 2.1 3.4 4.6
3. Degreeof(—y] +3 f= 1+( yj is
dx dx dx dy 32 dy
14. Degreeof(—+4x) =x+5—is
1.1 2.2 3.3 4.4 dx dx
1.4 2.3 3.2 4.1
d d /
4. DegreeofD.Eofy=x—y— 1+(—yj is dyY’ . d’y
dx dx 15. Degreeof D.E | 5+ I :6dx2 is
1.2 2.4 3.1 4.3 11 29 33 46
5. Theorderand degree of [ 5+ | =9y, i 27
. e order and degree o [ +yl} =9y, is dzy s dy .
.33 2,15  3.23 41,0 16 Degreeof 75 a= 12| 4y s
e 172 72 1.4 2.3 3.2 4.1
Yy Y
6.  Theorderand drgree of D.E {1"‘?} = . &y 2 PP —xdzy ‘
' 17. Order and degree of e PRt
is

1.3,3 2.2,2 3.2,1 4.23

13,1 2.41 3.3.2 4.3,3 18. The order and degree of

dyY " : 272
7. Theorder and degree of(d—] +5x=[d 2] ﬂ+(ﬂJ = d’y is
x * dx’ dx dx’
is 1.1,2 2.3,1 3.32 4.24
1.2,3 2.22 3.1,3 4.1,2 19. The order and degree of
1/3 2
d’y dyY dyY o[ dy
1+ = | = 1+ — =a | —| j
8.  The order and degree of = + J{ dx] dx a FENIRE
is 1.2,1 2.23 3.2,6 4.2,2
1.2,2 2.2,1 3.2,3 4.24 A
- 3/2 dzy dy
5 (dyjz d’y 20. Theorderand degree of 7 :10+9xais
e =a—j
Dot o a " 1.2,3 2.2,1 3.1,3 4. 1,1
1.3 2.4 3.1 4.2 L - n -

21. The order and degree of

3/2
d’y ’ dy ?
10. Degree of 1+(dx2] }_{%{a is |:1+(dyJ2T2 :(dzJ’]z s

dx dx?
1.4 2.2 3.1 4.3

1. 1,2 2.2,4 3.2,2 4.2,3
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22.

23.

24.

25.

26.

27.

28.

29.

The order and degree of D.E

d P 3/2 d2
y Y
I+ — =8 i
{ (de:l d '

1.2,2 2.32 3.34 4.33
4y
2
y=__dx
The order and degree of . (dy j4 is
dx
1. 1,4 2.43 3.3,2 4.3,4
Order and degree of the D.E
d P d2 5/4 d3
24T %
dx dx dx
1.4,5 2.53 3.3,2 4.3,4

If m,n are the order and degree of

P 3
yz(flx{] +3x%+x2y2 =sinx ig

2. m<n
4. 2m=n

1. m=n
3. m>n

c
The D.E whose solutionis ¥ = c+ ; 1s
Loy=x'y-xy’ 2. y=x'y’+xy

3oy=xtyioxy A y=aty o
The D.E whose solutionis y = mx + f(m) is

dy dy

=XxX—++ _—

Lo y=x—r f(de
d

2. y=xy+f(—yJ
dx

3. y=xZaf () 4 y=xLas ()

The D.E whose solution is y = acos(nx+b)
where a,b are arbitrary constants is

1. y,+n’y=0 2. y,-n’y=0
3. y+r'y =0 4. y,+ny, =0

The D.E whose solutionis y =¢, +c,e" is
Loy,=y 2. »m=n

3. y,+y=0 4. y,+y,=0

30.

31.

32.

33.

34.

35.

The D.E whose solutionis y* =4a(x+a) is
L (37 =1) " + 21, =0
2. (37 +1)37 + 200, =0
3. (¥ =2) " +2x, =0
4. (y* -1)3" +2xp, =0

The D.E whose solutionis y = ¢ (x — c)2 is

dy ’ dy j
- | =4 - -2
L [d] y(xdx y

2.y =2y(x )

dy ’ dy j
A I I
y [d] y( &y

dy ’ dy j
- | =2 -4
. [d] y(xdx y

The D.E whose solutionis y = ax + be* is

1. (x=1)y,—xy,+y=0

2. (x=1)y,+xp,=y

3. X*y,—xy,+y=0

4 X'y, +x,-y=0

The D.E whose solutionis y = c,e** +c,e”" is
1.y, =2y 2. y,=y
3. y,=3y 4. y, =4y

The D.E whose solutionis xy = ge* + be™ is

1. xy, +2y, =xy

2. xy, =2y, =xy

3. xy, =2y, +xy=0

4. xy,+2y,+xy=0

The D.E whose solutionis xy = ge* +be™ +x is
L. xy,+y,+xy=0

2. xp, +2y, =xy+2—x"

3. xy,+2y=xy

4. x,+2y+x+2=0
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36.

37.

38.

39.

40.

41.

42.

43.

The D.E whose solution is

. . . .
y=ce +c,e +csinx+c,cosx 18

Ly, =y 2.y, =y;

3. Ys= 4. Ya=DY
The D.E whose solution is

y=(a+bx)cosx+(c+dx)sinx is

l. y,=y 2. y,+2y,+y=0
3. y, =2y, 4. y,-2y,+4y=0
The D.E whose solution is
y=acos(logx)+bsin(logx) is

Lo Xy, —xy+y=0

2. Xy, +x,-y=0

3. Xy, +xy +y=0

4. X'y, —xy -y =0

The D.E whose solution is y = a cos nx where a
is arbitrary constant is

1. y +nytannx=0
2. y +nycosecnx =0
3. y +nysinx=0
4. y,+nysecx=0

The D.E whose solutionis y =acos(3x+b) is

1. y,+3y=0 2. y,+y=0

3. 3,+9y=0 4. y,+6y=0

The D.E whose solutionis y = ¢, cos(4x+c, ) is

1. y,—-16y, =y 2. y—4y,+4=0

3. y,+16y=0 4. y,=16y

The D.E whose solutionis y = Asin(2x+ B)+5
is

l. y,=4y+5 2. y,+20=4y

3. y,+4y=0 4. y,+4y=20

The D.E whose solutionis y = 2 (x2 - 1) +ce™
is
Loy +xy=x 2.y +2xy=4x

3.y +2xy=2x 4. y +2xy=3x"

44,

45.

46.

47.

48.

49.

50.

51.

52.

The D.E whose solutionis ¢’y —ax+8 =0 is
L8y +xy,+y=0 2. 8y —xy,+y=0
3. 8y12—xy1—y:0 4. 8y12+xy1—y:0
The D.E whose solutionis x* = ¢(y + c)2 is

1. 8xy’ —4yy’ =27x

2. 8xy,” =12y, +27x

3. 8xy” —12yy, =9y

4. 8xyl3:3(yy12+4x)

The D E whose solutionis y = ax” + bx is

L. x7y, +2xy, +2y =0

2. xy,=2xy,+2y=0

3. x’y,—2xy,-2y=0

4. xX*y, +2xy, -2y =0

2 s

The D.E whose solutionis y = c,e” +c,e™
1. 2y,-3y,-2y=0 2. 3y,-2y,—-y=0
3. ¥, =3y+y=0 4. y,-3y,—y=0

The D.E whose solutionis y = c,e™ +c,e™ is
L. oy, +2y,+15y=0 2. y,+8y,+15y=0
3. p, 48y, —15y=0 4. 3-8y, +15y=0
The D.E whose solutionis y = 4e** + Be ™" is
1. y,-3y,-10y=0 2. y,+3y,-10y=0
3. y»,+3y,+10y=0 4. »,-3y,+10y=0
The D.E whose solution is y = ge™ + be’™ is

L. y,+5y,+6y=0 2. y,-5y,-6y=0
3. y,+5y,-6y=0 4. y,-5y,+6y=0
The D.E whose solution is

y=acosx+bsinx+xsinx is
l. y,+y=cosx 2. y,+y=sinx

3. y,+y=2sinx 4. y,+y=2cosx

The D.E whose solution is Xy = ax® +— is
X

L Xy, +2xy, =2y 2. ¥’y,—xp,+2y=0

3. x2y2+xyl+y:0 4, x2y2+xy1+2y:0
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53. Equation of the curve passing through (1, 3) hav-

. Y _
ing slope T atany point is

l. y=3x 2. y=3x’
3. x*=3y 4. x=3y
dy x*+4x-9
54. The solution of & _x a2 is
dx x+2

1. y=(x+2) ~13log|x+2|+¢

2. y:(x+2)2—510g|x+2|+c

2

3. y=%+2x+13log|x+2|+c

2

4. y:%+2x—13log|x+2|+c

55. Thesolutionof e* tan ydx + (1 —ex)sec2 ydy =0is
1. tany:c(l—e")
2. secyzc(l—ex)
3. tany(l—ex):c
4. secy=1-¢"
56. Thesolutionof e*dx +e"“dy =0 1s
e +e’=c 2. M reV =c
4. e —e’ =c

3. &V re T =¢

CZ x—y ogx—
57. Thesolutionof—y=e Yy etloery

dx

2 3
, X .
1. € :ex+?+c 2. eV =—+c¢

3. &/ =e"+logx+c

3x+y

4 = e
4 3
. dy_ 3x+y . _ _
58. Thesolution of E_e given y=0 when x=0
L ™ 43¢ =4 2. e =¢" 14
63x+y
3. 3¢ =" +12 4. y= 3

59.

60.

61.

62.

63.

64.

The solution of tan xdy + tan ydx =0
l. tanxtany =c

2. sec’x+sec’y=c
3. sinxsiny=c 4. cotx.coty=c

The solution of ydx + xdy = dx +dy

X
l. xy=x+y+c 2. x—y;—i—cz()

x
3. xy—x+y=c 4. x+J’;+C=O

V14 X2 dx+1+y*dy =0

1-)(\/1+)c2 +y\/1+y2
+log[(x+m)(y+m)}:c

2. \/l+x2 +\/1+y2 =c

1 1
+ =c
3. NI \/1+y2

4. log{(\/1+x2 )+(\/1+y2 )} —c
The solution of x/1— y*dx+ y\1-x>dy =0

1. sin"' x+sin”' y=c

2. \/l—x2 +\/1—y2 =c

3. \/l—xz.«/l—y2 =c 4

2
1—x
2

-y

=C

dy_ 2 _ _
If R +1 and y=12 when x=3. Then the

function is
1. 3(y+x):x3 2. 3(y—x)zx3
3. (y+x):x3 4. (y—x):x3

d
The solutionof(x2 —yxz)d—i+(y2 +x2y2) =0
1. log(xy)=l+l+c

Xy

1 1 1 1
3 y——=x——+c 4 logx+—=y——+c
y X X y

SR. MATHEMATICS

DIFFERENTIAL EQUATIONS




65.

66.

67.

68.

69.

70.

71.

The solution of x cos® ydx +tan ydy = 0
1. X’ +sec’ y=c 2. X’+cot’y=c
3. X’ +sin*y=c 4. x*+cos’y=c
The solution of xdx + ydy + (x2 +° )dy =0

2

I. (x2+y2)ezy=c 2. (x +y

)=c
3. (xz+y2)=cx2 4. (x +)/2)e2v
h

Equation of the curve passing throug (1 1) and

2
having gradient %(x >0,y>0) s

I. xy=1 2. 2x+y=3
3. x:y2 4 y:xz
dy ’
_=ex+ ,x=1:> =1 — — =
e y=lthen x=-1=y

1
1. 1 2. e 3.1 4. €+z

Equation of the curve passing through the point
1
(3, 9) and which satisfies ), =X+ =

1. 6xy=3x"—6x+29
6xy =3x" —29x+6
6xy =3x" +29x—6

Sl

6xy =3x’ —29x—6
The solution of

3e* cos® ydx + (1 —e' )cot ydy =0
1. tany=c(ex—1) 2. tan2y=(ex—l)c
3. co‘[y:c(e“‘—l)2 4. tany:c(e"—l)3
Solutionof(ex+l)ydy+(y+1)dx=0

1. (y+1)(1+e_x):cey
2. (e +l)y=c 3. (1+€)(y+1)=c

4, (e" +1)x:

72.

73.

74.

75.

76.

77.

d . .
The solution of d_i ="V 4 xe”

4

y _ 2x X
e =e+3x+¢c  2)e =e e

3) 4¢” =2¢" +x* +¢ D2’ =™ +3x* +c¢

d oy ~
The solution of d_i =t xte

1) y=log(e™ +x*)+c
2) y=2log(e” +x”)+¢
3) 2¢™ =3(e” + ') +c
4) 3¢ =2(e" +x7)+c

Solution of fany sec® xdx + tan x.sec’ ydy =0
1) secxsecy=c 2) tan x.tan y=c
3)sinx.siny=c 4)cosxcosy=c
The solutioniof xcos® y dx= ycos® xdy

l)tanx tany=c 2)ytany=xtanx +c¢
3)tan x . cos y =tany cos X + ¢

COS
4) ytany—xtanx+log =c
cosx

The solution of x/1+ y?dx +y\1+ x> dx =0

1) sinh ' x+sinh™" y=c

2) \/1+x2 ~|—\/1+y2 =c

1+ x? _
l+y2

The solution of x+/1+ x*dx ++/1+ y*dy =0
D V1422 441437 =¢

2) (\/1+x2)><(\/1+y2):c

3 3

3) (1427 )2 +(1+)% ) =

3) (1+27)(1+)%)=c 4)

4) \/l+x

\/1+y
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78. Solutionof(xy2 +)c)abc+(yx2 +y)dy =0

D (F+1)(»* +1)=c 2) (xp+1)(xy-1)

3) (F*+1) (¥’ +1)=c 4) (1-47)(1-5")

The solution of

79.

(xz_yzxz)%+(y2+x2y2)zo

1) x+y+l+l=c
Xy

2 z(x+y)_(l+

+3)
4) x—y—| —+—|=c
Xy
80. The solutionof(x2 — ay)dx = (ax -y )dy
1) y:x2+y2—a(x—y)

2) x2+y2+a(x—y):c

3) X+’ =3axy+c

4) (x2 —ay)(ax—y2):c

d
The solution of X ) y—1

81. e
D e = ex ) Jy—l=ex
1
Oly et 4)x(1/y—1):c
d
82. Thesolutionofxz—y= 4-y°

dx

. 1 ¥y
sin 1(ijt—=c Z +sin’'| = |=¢
D 2 X 2) 3 4

(Y
3)81n1(5j+2x=c 4)Ja-y* +2x=c

c

C

83.

84.

85.

86.

87,

88.

89.

dy
The solution of cosec” xe ==
y

1) y* =x—sinxcosx+c

2
2) :%—sin2x+c

3) 2y* =x+sin2x+c

, X
4)y :?+s1nx+c

The solution of y dx +(l +x° ) tan”' xdy =0

2) xtan” x=c

4)y2(l+x2):c

) ytan" x=c
3)y(1+x2)=c

The Solution of \/1— x* sin™" xdy + ydx =0

1) ytan"' x=c 2) ysin" x=c

3)ycos'x=c 4 xsin"'y=c
The solution of(5x2 - y)dx+ xdy=o
1) 5x* +3xy=c 2) y+5x =cx

Y 2 5,
—+5x" =cx 4) —x"+xy=c
3) X )3 7

The solution of €’ (1 +x° )% = 2x(1 +e’ )

1+¢”
=c
1+ x?

3) (1+ey)+(l+x2):c

1) 2) ¢ (1+x7)=c

4) (ey+l)x2 =c

d
The solution of 108 [d—i} = ax+by

1) be™ +ae™ =k e 4o =¢

3) o=ty — 4) (ax + by) =cxy

d
The solution of 10g [d_i} =3x+4y given that

y(O) =0
1) 4% -3¢ =1
3) 4™ +3e™ =7

2) 3™ +4e* =7
4 3¢ +4e7 =1
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. dy [2, 2
90.  The SOIUtIOHOfE_XlOgX 96. The solutionof & = Y TNY 7
dx X
1
1) 2y =x" {logx+§}+c D y+x*+y" =ex’ 2) x+x*+1y° =)’
1 y+x*+y=cx  Dx+x’+y’ =cy
2) 2y:x2{logx—5}+c
97. I,Fofﬂ+ytanx=x2 cos’ x
52 dx
3) y=—/(log2—-x)+
)y > (log2—x)+c I)secx 2)cosx 3)sec’x 4cos’x
4 y? =x’logx+x+c
g ¢ p 98. LFof x%=(2y+2x4+x2)
. Y .
91. The solution of E—ysm(Zx) given that 1 2 2) 3)x 42
y(0)=1
( ) 99. LF. of (sz)flll—y+2xy=4x2
1) log|y| =sin® x 2) log|y| =sinx *
3) 10g|y| =sin2x 4) log|y|:coszx 1)2x 2)1+x2 DN+x2 Dy?
92 d—y:e’zyx=5:>y20theny:3:2x: dy 2x 2
©odx ’ ’ 100. I.Fof(x+l)a—y:e (x+1)
De+9 2)ef+9 3)ef+9 4 e 19 -
e
93.  Onsubstituing y=vx the equation e —ny—x2 1
d t - 1 —
reduces to 3) —(x+1) Y 7
1) x(2v—1)dv=3v(v—1)dx
dy x+y+1
2)x(2v—1)dv =3v(1-v)dx 101, I.Fofa— vt
3) x(1—2v)dv=(v2—2v)dx 1 1
1) /5 2)—
4)x(1—2v)dv:(2v—v2)dx y+l x+1
&y x—y 3) log(x+1) 4)log(y+1)
94. Solution of d_:
X x+y dy
) , 102. I.Fofxd—+y(1+x)=1
1) x*+2xy—y*=C X
)x*-2xy—y*=C e
., 5 5 D xe* 2) —
x -y +xy=c 4) x*—xy—y° =c X
3)x+logx 4)xlog x
[2 2
95.  The solution of d_y:u d
o o 103. LF ofx sin xd—i+y(xcosx+sinx):sinx
) tan”' (%j:log(cx) 2)sin” (%)zlog(cx) 1) xcosx 2) xsecx
3) xsinx 4) x cos ecx
cos™ (ZJ=10 c sec 'L =lo
3yeos’| ) =log(ey)gysec’ == log(cy)
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104

105.

106.

107.

108.

109.

110.

I11.

112.

113.

tan™! x

LE of(1+x2)%+y:e

D tan™' x 2) ptan'x
1
3) 1+x2 4) TanX

LF of (l+y2)dx = (tan"1 y—x)dy

1) gtan'x 2)tan"' x

3) tan”' y 4) ptan'y

I.Fof (x3 +5)%+3x2y=coszx

1) g+ 2)54+%°
3x?

2)log(5+x° 4

) g( ) )5+x3

dy )
ILF fo —+ ycosx =sin x.cos x
dx

1 ) ecosx
3) etanx

2) esinx
4) esecx

dy 3
ILFof —+ytanx =cos x
dx

1) sec? x 2)cos x
3)cot x 4)sec x
dy )
ILFofsecx ——=y+sinx
dx
1) secx 2) P 3) o sex 4) e_sinx

d )
L Fof—yzytanx+251nx
dx

I)secx  2)sinx 3)cosecx 4)cosx

I. F of (l—xz)%—xy=1

1) 1-x? 2) J1- 2
1 1
3) 1_x2 4) 1_x2
d
LFof =+2xy=e
dx
D2 Dy YL Aer
d )
Linear form ofd—i+ xsin2y = x’cos’ y
i du+ u 5 du+ x’
—+—= —tux="—
)dx xZ ) X 2
3 A o oux=x 4 du  u x*
) )dx X

114.

115.

116.

117.

118.

The transformed equation of

dy sinx.cos’ x
——ytanx=———5—-

dx ¥

1 % tanz=sinzcos’ z

) dx 4
d .

2) & 1 3ztanx=3sinxcos’ x
dx

3) %—?aztanx:?asinxcos2 X
X

dz ) 5
4) ——ztanx =SIN xXCOS™ X
dx

d
The solution of d_i +ytanx =secx

1) y=sinx+cosx+c
2) y=sinx+csecx
3) y=sinx+ccosx

4) y=sinx+tanx+c
. dy
The solution of £+ ycotx =2cosx

1) ysinx+cos’x=c
2) ycosx+sinx=c
3) ysin®x—cos’x=c

4) ycos’ x—sinx =c
d
The solution of 2y cot xd_i =1+’

1) y=ctanx 2) Secyzc(1+x2)

3) secx=c(l+y2)

4) y* =secx.tanx+c

. dy 2
The solution of E +ytanx =cos” x

1) ysec* x =c+sinx
2)ysecx=c+cosx
3) ysec’ x =c+cosx

4) ysecx=c+sinx
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119.

120.

121.

122.

123.

) dy )
The solution of =+ )y =sinx
dx

X

e
1) ye' =?[smx—cosx]+c

2) €'y :%x[cosx+sin x]+C

3) y=e¢"(sinx—cosx)+c

e'(
4) y=e€"(sinx+cosx)+c

dy

The solution of (1 +x° )E +2xy =cosx

1) y(1+x*)=cosx+c
2) (1+x7)cosx = y+¢
3) (1+x7 )y =sinx+c
4) y(1+x*)+secx=c

d
The solution of (x +2y° )d_i

y

1) y=x"+cx ) x=y+cy

3) x=y>+cy 4) y=x'+cy’

. dy
The solution of 2 cos x —
dx

+4ysinx =sin2x

1) 2ycosx=secx+c 2) ysec’x=secx+c

3) 2ysecx=secx+c 4) ysecx=sec’ x+c

d
Thesolution of sian(d—i] —y=tanx

1) x—ysinx=c 2) xytanx =c

3) y=tanx+c

KEY
1.3 2.3 3.2 4.1 5.3
6.1 7.1 8.1 9.4 10.1
11.2 12,2 13.1 14.2 15.2
16.2 17.4 18.3 19.3 20.2
21.2 22,1 23.3 244 25.2
26.3 27.1 28.1 29.2 30.1
31.1 32.1  33.4 341 35.2

4) y =tanx+c+/tan x

40.

46.

48.

52.

85.

110.

112.

113.

122.

36. 4 37.2  38.3 39.1 403

41.3 42.4 432 442  45.2

46.2 47.1 48.4 49.1 50.4

51.4 52.1 531 54.4 55.1

56.2 57.1  58.1 59.3 60.1

61.1 62.2 63.2 64.2 65.1

66. 1 67.4 68.1 69.3 70.4

71. 1 72.3 734  74.2 75.4

76.2 77.3 78.1 79.4 80.3

81.1 82.1 83.1 84.1 852

86.2 87.1 88.1 89.3 90.2

91.1 92.2 93.2 94.2 95.2

96. 1 97.1 98.1 99.3 100.4
101.2 102.1 103.3 104.2 105.4
106. 2 107.2 108.4 109.4 110.4
111.2 112.3 113.3 114.3 115.3
116. 1 117.3 118.4 119.1 120.3
121.2 122.2 123.4

HINTS

D.E of y = Asin(nx+b) or y = Acos(nx+b)
is y, +n’y=0

D.Eofy = Ax" + Bx" 1s
xzyz—(m+n—1)xy1+mny:O

D.Eof y = 4e™ + Be’™

is y, _(a+ﬁ)y1 +ofly=0
After dividing by x, apply the formula

y:Axm+Bx":>x2y2—(m+n—l)xy1+mny:
Idy:_J- dx
V1-x*sin”' x
X 2
=— =1.F=~l-x
P 1-x°

d
Seczyd—y+2xtany:x3;puttany =u
X

multiply the equations with * andput )* =z

dy 1 2
———Cosec2xy =—Sec
dx Y 2 Y
]F _ e—jCasechdx _ 1

vtan x

p—

0
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