Calculus Summary

Derivative notation

For an expression, the derivative is d (expression) The derivative is equal to the
P ’ ax P gradient of the function.

d
For y = rule, the derivative is & derivative of rule

dx
For f(x) = rule, the derivative is f'(x) = derivative of rule

Chain rule: derivative of the composition of functions

2 oD = Flaels’ @ Y,

@ = niferr @ D = =5 = ) sec? (0]
2 (T9) = e = Gogalf ) =22

2l D = 60 coslf )] 2 (coslf D) =~ () sl )

Sum and difference rules: derivative of sums and differences of functions

d
T (fO£90)=f'(x)+g' ()

Product rule: derivative of products of functions
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Quotient rule: derivative of quotients of functions
d f(x)] _9@f' ()~ f)g' () . Ldu dv .
dxlg@) oGP () =" =Y

Tangents and perpendicular (normal) lines

mtangent = f’(a) y= f’(a)(x - a) + f(a)
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Stationary points
Stationary points occur when f'(x) = 0. .

Maxima / minima
Maximums and minimums occur when f'(x) = 0 or at the endpoints of the domain.

Strictly increasing
A function is strictly increasing over an interval if for all x; < x5, f(x1) < f(xy).
Thatis, if f'(x) > 0 forall x; < x,.

Strictly decreasing
A function is strictly decreasing over an interval if for all x; < x5, f(x1) > f(x3).
Thatis, if f'(x) < 0 forall x; < x,.



Anti-derivatives

f"d _X, + -1 f( 4 by = DT £ -1
xtde=-———+c, n ax X = EEEY) c, n
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fax+bdx=aloge(ax+b)+c,x> — fax_l_bdx=Eloge(—(ax+b))+c,x< —
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feax+bdx = _eaxth 4 .
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f sin(ax + b) dx = —acos(ax +b)+c f cos(ax + b)dx = Esin(ax +b)+c

Approximating the area under a curve
The area under f(x) from x = a to x = b approximated using n rectangles of width éx

Left-endpoint rectangles
n-1

f@dx+ fla+dx)éx+ -+ f(a+ (n—1)bx)éx = Z f(a+ 6xi)éx

i=0
Right-endpoint rectangles

fla+8x)dx + f(a+ 26x)6x + -+ f(a + ndx)dx = Zf(a + 6xi) X 6x

i=1

Definite integral properties

b b c b
f f(x)dx = F(b) — F(a) f f(x)dx =f f(x)dx +f f(x)dx

b

J (f(x) + g(x))dx = fb (x)dx +f g(x)dx f f)dx = —fbaf(x)dx

fbkf(x)dx = kfbf(x)dx fb(f(x) + c)dx = fbf(x)dx + fbcdx
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Area
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Averages Kinematics
e = 1 fb()d __F(b) - F(a) d
averagevaue—b_aafx X = b —a /dt\
x(t) v(t)

average rate of change = W \fdt/



