Chapter 4

Suppose that F and G are both antiderivatives of f on an interval [a,b]. Then, G(x) = F(x) + c, for
some constant c.

r+]
The Power Rule: For any rational power, r# -1, [x dx = ’:+1 +C.

fsin x dx = -cos x + ¢
fcosx dx =sinx + ¢
fsec?xdx=tanx + ¢
fesc? x dx = -cot x + ¢
fsecxtandx =secx + ¢
fescx cotx dx = -csc x + ¢
fexdx =e*+ ¢

Ie"‘ dx=-e*+¢

Suppose that f(x) and g(x) have antiderivatives. Then for any constants a and b,
fra 00 + b g1 dx = a ff(x) dx + b fg(x) dx.

1
If [f(x) dx = F(x) + ¢, then for any constant, a, [f(ax) dx = 3°F (ax) + c.
d
Forx#0 75 Inlxl+c

f+ dx = In |x| +c

f
§ f((xx)) dx = In [fX)| + ¢

If nris any positive li,nteger and c is any constant, then
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For any constants ¢ and, .Zl(ca; +db)=c ,Z]ai +d Z]bi
1= 1= =

For a function f defined on the interval [a,b] and f(x) > O on [a,b] the area A under the curve y =
n

f(x) on [a,b] is given by A = lim _Zlf(xi) Ax.
=

Let {Xo, X1,....Xn} be a regular partition of the interval [a,b], with x; - X1 = Ax = % for all i. Pick
points ci,Cz,...Cn, Where ¢ is any point in the subintervgl [xi1,xi], fori= 1,2,...,n. The Riemann

sum for this partition and set of evaluation points is .Zlf(xi) Ax.
=

b n
The definite integral of f fromato b is i f(x) dx = lim .Zlf(Xi) Ax, for any function f defined on
n-0 =

[a,b] for which the limit exists and is the same for any choice of evauation points ci,cz,...Cn .
When the limit exists, we say that f is integrable on [a,b].



Suppose that f(x) > 0 on the interval [a,b] and A; is the area bounded between the curve y = f(x)
and the x-axis the a < x < b. Further, suppose that f(x) <0 on the interval [b,c] amd Az is the
area bounded between the curve y = f(x) and the x-axis for b < x <c¢. The signed area between

y = f(x) and the x-axis for a <x < c is A; - Az and the total area between y = f(x) and the x-axis
a<x<cCisA + A

If f(x) is continuous on the closed interval [a,b], then f is integrable on [a,b].

| f and g are mtegrable on [a, b] and c is any constant, then the following are true
(i) J [f(x) +g(x)] dx = _!b f(x) dx + jg(x) dx

(ii) f [f(x) g(x)] dx = [f(x) dx - jg(x) dx

(iii) Ic f(x)dx = ¢ ; f(x) dx

(iv) ;f(x) dx = ;f(x) dx + gf(x) dx for any c in [a,b].

n b
Average value of a function: fag = |im [—B%a- ¥ f(xi) AX] = g_l—a— ; f(x) dx.
i=1

b
If f is continuous on [a,b], there is a number c in (a,b) for which f(c) =55 { f00) dx.

The Fundamental Theogem of Calculus, Part 1: If fis continuous on [a,b] and F(x) is any
antiderivative of f, then gf(x) dx = F(b) - F(a).

b
The Fundamental Theorem of Calculus, Part 2: If f is continuous on [a,b] and F(x) = gf(t) dt, then
F'(x) = f(x), on [a,b].

b n
The Midpoint Rule: ; f(x) dx = igll f(Ci) Ax where ¢ is the midpoint of the subinterval [xi.1,xi].
' b
The Trapezoidal Rule: Lf(x)dx~ Zn [f(xo+2f(x1)+2f(xz)+ -+ 2f(Xn-1) +f(Xn)] =Tn

Simpson’s Rule: zf(x) dx = 3n d[f(xo) + 4f(x1) + 2f(x2) + 4f(x3) + ... + 4f(Xn-1) + f(Xn)] = Sn(f).



