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Calculus and Differential Equations

Differentiation Formulae:

S.No |y=1(x) dy
¢
T (%)
1. X" nx" 1
2. e* e*
3. log x 1
X
4, Sinx CcosXx
5. Cosx —sinx
6. Tanx sec?x
7. Cotx —cosec?x
8. secx secx tanx
9. cosecx —cosecx cotx
10. sin"1x 1
V1 —x2
11. cos 1x -1
V1 —x2
12. tan"1x 1
1+ x2
13. cot1x -1
1+ x2
14. sec 1x 1
xVx2 —1
15. cosec 1x -1
xVx2 —1
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16. sinhx coshx
17. coshx sinhx
18. tanhx sech?x

19. sinh~1x 1

1+

20. cosh™1x 1

2 —

21. tanh~1x 1
1—x2

22. coth™1x 1
x2 -1

Product Rule:
d _ du N dv
dX(uv) = dX.v u.dX
Quotient Rule:
du dv
d (E) _lax Max
dx \v V2

Integration - Formulae:

andX _ Xn+1

+cn # -1
n+1

fd;X = logx + ¢

JeXdx=¢e*+c¢

[sinxdx = —cosx + ¢

[ cosxdx = sinx + ¢

[ sec’x dx = tanx + ¢

[ cosec?x dx = —cotx + ¢

[ secx tanx dx = secx + ¢

[ cosecx cotx dx = —cosecx + ¢
[ coshx dx = sinhx + ¢

J sinhx dx = coshx + ¢

Follow us on FB for exam Updates: ExamsDaily




Calculus and Differential Equations

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,

23.
24,

25.
26.
27.

dx —
J—=tan"x+¢
14x

f\/_—sm X+

fﬁ=COSh 1X-|'C
d :

f\/)(zxﬁzsmh_lx+c

dx -1
———=25ec X+¢
I =

dx 1 _1 (X
[ oo =2tan 1 (%)
X“+a a a

f dx 1 1 x—a

x2—a2 _ 2a ng+a
f dx 1 lo a+x

a2—x2 ~ 2a ga—x
f dx — sin -1 (X)

VaZ—xZ a

1X
= sinh™

f\/az a

_ 1
I—T—az cosh -

2 Va2 _x2
JVa? —x%dx = %sin_1 (i) + ==

a 2

2 Nevarews
[VaZ +x2dx = %sin_1 (z) 4 Rt

2
xVx2—a? a2 _1X
[Vx% —aZdx = —=cosh™1=
2 2 a
e (acosbx +bsinbx )
aZ+4b2
e3X (asinbx —bcosbx )

aZ+b?

[ €™ cosbx dx =

[ e™*sinbx dx =

Partial Derivatives:

Homogeneous function :

A function f(x, y, z) is called a
homogeneous function of degree n if f(tx, ty,
tz) = t"f(x,y,z)

Euler's theorem for homogeneous
functions:

If f(x, y) is a homogeneous function of

of af _
degree n then x—+ Yoy~ nf.

Remark:
10 { T CH Xm) IS a homogeneous
functionof degree n then,
of of of
X161+X2E+ ma=l’lf
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Extended Euler's theorem:
If f(x, y) is a homogeneous function of x, y
of degree n then.
aZf 0°f aZf
X a— + 2x ya a + y a
If uis a function of x and y, then,

i) du=Z—zdx+a—udy

=n(n— 1)f

jple =2 &y oudy
Jat Jx dt 6y dt
If x and y are functions of t.
If f(x, y) = 0. Consider y as an implicit
function of x.

dy  —f&
Then, == Ty

Jacobians:
If u(x, y) and v(X, y) are two functions then
the Jacobian of u, vw.r.to x and y is

ou 9u
d(u,v) |0x ay

_ y
a(x,y) [0v av| vk Vy|
Jx dy
B(u,v)_ uyv
Also a(xy) _] (x,y)

If u(x, y) and v(x, y,z) are functions of three

variables x, y, z then.

du Jdu OJdu

ax dy oz
u,v,w d(u,v,w) v 0ov 0dv

(x,y,z)z 0(x,y,2) ~ |ox dy F
ow Jdw oJw

x dy 9z

a(uy) a(xy) _
axy) a(uyv)
o(uyv)  d(uv) a(rs)

a(xy)  A(rs) a(xy)

Jacobian of implicit functions:
Iff;(x,y,u,v) =0

f,(x,y,u,v) = 0 then,
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(a(flle))

d(u,v) — (-1 y230%y) ) a(x,y)

a(x,y) a(fy, f,)
( d(u,v) )

If f,(x,y,z,u,v,w) =0
f,(x,y,z,u,v,w) =0
f3(x,y,z,u,v,w) =0

Then,

(a(fpfz»fs))
a(u,v,w) — (—1)? 0(x,y,2)
0(x,y,z) (6(f1,fz,f3)>

a(u,v,w)
6( ) (0(f1 f£2, f3))
X,V,Z a(u,v,w
AIS 2 (_ )3 (6(51 f2 f;))
a(xy,z)
6. If fl(x, y, u,V) =0
f,(x,y,u,v) =0
Then,
a(fy, ) a(fy, f,)

du_ 9d(xv) Ou_  9(y,v)
ox  d(f,f,) " ay  9(f,f,)
a(u,v) d(u,v)
a(fy, f5) a(fy, f5)
ov_ dux) dv_  I(wy)
ox  9(f,6) ay  9(f,f)

a(u,v) d(u,v)
Iff,(x,y,z,u,v,w) =0
then,
9(f1,£2,£3) 8(f1,£2,£3)
a_u _ ( a()l(,vz,w?s ) LoV ( 6(111,x2.w?3 ) etc
ax (6(f1,f2,f3)) ’ ax (6(f1.f2.f3))
a(u,v,w) a(u,v,w)

Maxima and Minima of two variables:
Let f(X, y) be a function of variables x and y.
Procedure to find maxima and minima of

f(x,y)=0
PUE-=0; 2= 0

ie., Iet—(a b) = O (a b)=0
Leta? (a, b)=A

a%f _

m(a,b)—B
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2
S@n=C
i) f(a, b) is a maximum value if AC - B>> 0
and A<0 (orB<0)
i) f(a, b) Is a minimum value if AC - B>> 0
and A>0 (orB>0)
iii) f(a, b) is not an extremum if AC - B%< 0
iv) If AC - B> =0, we cannot decide whether
(a, b)gives maximum or minimum.
Stationary value:
A function f(x, y) is said to be stationary at

(a, b) |f— (a, b) = 0 (a b)=0
Stationary value is f(a, b)

To find stationary points put,

%z 0 and g—;: Oand solve these equations.

Differential Equations:
Consider the linear differential equation

dn de- 1

an+ rw 1+---+any=f(x)
i.e.,, D"y +a; D"y +--a,)y
=f(x)
The auxiliary equation is
My + aim™ + am™2 + ... an=0
Case (i):

If all the roots m;, my,......m, are real and
differentthen,

C.F. = AeM1* + Be™2* + Ce™M3*+.......

Case (ii):

If any two roots are equal say m; = m; = m
then, C.F. isy = (Ax + B)e™

Case (iii):

If any three roots are equal say m; = m, =
ms = m, then, the C.F. is y = (Ax? + Bx +
C)emx

Case (iv):

If the roots are imaginary say m; = o + if3,
my =a - iB. Then C.F. isy = e*(A cosBx +
Bsinf3x)
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Particular integrals:
Consider ¢(D)y = X

eax

If X=e then, Plzﬁ
If ¢ (@)= 0 then,

¢' ()
Ifd () = 0 then,
Pl ::je:) provided ¢"(a) # 0
Ifp"(a) = 0 then,

sin ax — X COS ax
D? + a2 o?
COS 0X X sin ax
D% + a? o?

Method of variation of parameters:
2
Considerjx—i +a; Z—Z +ay =X
Let f; and f, be the solution of the auxilary
equation
m?+amx +a, =0
Then, C.F.=C;f; +C,f,

3,ax

PI= q’;,,,e(a) provided ¢™(a) # 0 Where, C;and C; are constants.
If f(x)=sin ax (or) cosax P.1. = Pfy + Qf
Then. PI _sin ax(or) cos ax Where, p =— J‘ f ff%X(:fo

' , (D) ) (D) s 1f2—f1f2
Replace D” by -a Q= fflf'z—f'lfz
I $(D) = Othen, Required solution y = CF. + PL
Pl = X sin ax,or) X COS ax

o' ()7 ¢’ (D)
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