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1. Limits & Continuity

Definition of Limit:

lim
x→a

f(x) = L

L’Hôpital’s Rule: If limx→a
f(x)
g(x) gives 0

0 or ±∞
±∞ :

lim
x→a

f(x)

g(x)
= lim

x→a

f ′(x)

g′(x)

Standard Limits:

� limx→0
sin x
x = 1

� limx→0
ex−1
x = 1

� limx→0
ln(1+x)

x = 1

� limx→∞(1 + 1
x )

x = e

2. Differentiation Rules

Fundamental Rules:

� Power: d
dx [x

n] = nxn−1

� Product: (uv)′ = u′v + uv′

� Quotient: (uv )
′ = u′v−uv′

v2

� Chain Rule: ddx[f(g(x))]=f ′(g(x))g′(x)

Common Derivatives:

�
d
dx [e

x] = ex, d
dx [a

x] = ax ln a

�
d
dx [lnx] =

1
x

�
d
dx [sinx] = cosx, d

dx [cosx] = − sinx

�
d
dx [tanx] = sec2 x

�
d
dx [arcsinx] =

1√
1−x2

�
d
dx [arctanx] =

1
1+x2

3. Integration Techniques

Fundamental Theorems of Calculus: 1.
d
dx

∫︁ x

a
f(t) dt = f(x) 2.

∫︁ b

a
f(x) dx = F (b)− F (a)

Integration by Parts:∫︂
u dv = uv −

∫︂
v du

Common Integrals:

�

∫︁
xn dx = xn+1

n+1 + C (n ̸= −1)

�

∫︁
1
x dx = ln |x|+ C

�

∫︁
ex dx = ex + C

�

∫︁
sinx dx = − cosx+ C

�

∫︁
cosx dx = sinx+ C

�

∫︁
1

1+x2 dx = arctanx+ C

�

∫︁
1√

1−x2
dx = arcsinx+ C
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4. Applications of Calculus

Mean Value Theorem (MVT): If f is cont. on
[a, b] and diff. on (a, b):

∃c ∈ (a, b) s.t. f ′(c) =
f(b)− f(a)

b− a

Area Between Curves:

A =

∫︂ b

a

|f(x)− g(x)| dx

Volume of Revolution (Disk Method):

V = π

∫︂ b

a

[f(x)]2 dx

Arc Length:

L =

∫︂ b

a

√︁
1 + [f ′(x)]2 dx

5. Sequences & Series

Taylor Series for f(x) at x = a:

f(x) =

∞∑︂
n=0

f (n)(a)

n!
(x− a)n

Standard Maclaurin Series:

� ex =
∑︁∞

n=0
xn

n! = 1 + x+ x2

2! + . . .

� sinx =
∑︁∞

n=0
(−1)nx2n+1

(2n+1)! = x− x3

3! + . . .

� cosx =
∑︁∞

n=0
(−1)nx2n

(2n)! = 1− x2

2! + . . .

�
1

1−x =
∑︁∞

n=0 x
n (|x| < 1)

6. Multivariable Calculus

Gradient Vector:

∇f = (
∂f

∂x
,
∂f

∂y
,
∂f

∂z
)

Divergence & Curl:

� div F = ∇ · F
� curl F = ∇× F

Green’s Theorem:∮︂
C

(P dx+Qdy) =

∫︂∫︂
D

(
∂Q

∂x
− ∂P

∂y
)dA

7. Geometric Visualization

x

y
y = f(x)

A

B

Tangent f′(c)

Figure: Secant slope vs. Tangent derivative slope.
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