20.1.1.(2)
Chapter 20 Indefinite Integral and its Applications

20.1 Indefinite Integrals
Definition: Integration is the reverse process of differentiation.

. d
Consider a))f =f(x) ... *)
Denote f f(x) dx to represent the solution of (*)

ley= ff(x) dx  (indefiniteintegral of f(x) w.r.t. x)

Example: integral sign arbitrary constant(constant of integration)

¥
[aCdx =x'+C
_— f
integrand( ) primitive function(antiderivative)

Theorem 1: If f and g are function of X, and k is a constant, then

(@ Skf(x) dx =k Jf(x) dx wherek isanon-zero constant.

(b) JTf() + 90T dx = [f(x) dx + [g(x) dx

Proof:

Theorem 2: If f(x) and g(x) are differentiable functions such that f '(x) = g'(x), then
f(x) = g(x) + c where c us arbitrary constant.
Proof:

r
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20.2 Integration Formulae for Standard Forms

1. fdx =x+C 2. [X"dx =

3. fcoshdo = 4. [sinede =

5 fsec®0do = 6. fesc®0do =

7. JtanfsecH do = 8. fcotOcscHdo =

Remark: Formula (2) cannot be applied when n = —1.

Discussion of the integral f xtdx, i.e. f%dx, is beyond the scope of this book.

Example 1: Evaluate the following indefinite integrals:

a) | 6xdx b) J(3C + 6+ 8x —5) dx
o) J(1+ x®nxdx d) ﬁ dx
5 %‘ f JS); 2 i
3
g) [3sinxdx h) |sin?5dx
i) [tan”x dx i) fon - dx

Solutions:
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Example 2: Let f(x) = x cos x.

a) Find f (x). b) Hence, evaluate X sin x dx.

Solutions:

Classwork: Ex 20A #7 — 34, 36

20.3 Geometrical and Physical Applications
A) Geometrical Applications

g))f of acurve at apoint x is the gradient(slope) of the curve at that

The derivative

point. The geometric interpretation of indefinite integration isto find a curve
y = F(x) + C whose gradient at x is given.
Example 3: The point (1,2) ison a curve, and at any point (X, y) on the curve,

% = 2x. Find the equation of the curve.

Solutions:

We can now observe the geometric significance of the arbitrary constant
C. When C runs through all real constants, ¥ = ©° + C is a family of
parabolas. Each of them can be obtained by shifting the graph of v=u
through a vertical displacement C (see Fig. 17.1). The particular curve
which passes through the pomnt (1, 2) 15 ¥ =x+1
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Example 4: Find the equation of the curvey = f(x) in each of the following cases:

a) g))f = (x+ 1)(3x—1); y=2whenx = —1.

d 1 d
b) % = ﬁ;y: 10 and & = O0whenx= 9.

Solutions:

B) Physical Applications:
s= fvdt, v= fadt

Example 5: A particleis moving along a straight line. At timet, its displacement,
velocity and acceleration are s, v and a respectively. Express sin terms of
t:
a) v=3t+ 2, s=0whent=0.
b) a=2t—6t% v=3ands=5whent= 1.
c) a=-4snt;v=4ands=7whent= 0.
Solutions:
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Example 6: The curve for which % = k(x—p)(x—0q), wherek, p and q are non-zero

constants and p < g, hasturning points at (2, 0) and (1, 1).
a) Satethevaluesof pand q.
b) Determine the value of k.
c) Find the equation of the curve.

d) Sketchthecurvefor -1 <x <4.
Solutions:

Classwork: Ex 20B # 1 — 18, Rev. Ex 20 # 16, 17, 18, 20
Assignment: Rev. Ex 20#8, 11, 12, 14, 19




