Derivatives of Basic Functions

The derivative of a constant function

d
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If nis any real number, then
a
ax

(Xn) _ nxnf1

Differentiate the following functions:

» L(x7) = 7x®
d (1 d —2 — 2
> a(p) = W(X ) = —2x I = =33
3 2 24 2,1
> dix( x2) = %(xa) = %xa = £X°3



Derivatives of Basic Functions

The normal line is perpendicular to the tangent.

If the tangent has slope m, then the normal line has slope —15.

Find equations for the tangent and normal line to x+/x at (1,1).
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The slope of the tangent at (1,1) is % Hence the tangent is
3 3 1
}’*1—5()(*1) Yy=5%X-5
The slope of the normal at (1,1) is —1/3 = —2. Hence the

normal is
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Derivatives of Basic Functions

Constant Multiple Rule
If ¢ is a constant and f is differentiable, then

d d
a[cf(X)] = C- af(X)
Sum Rule
If f and g are differentiable, then
d d d
&[f(x) +9(x)] = &f(x) + ag(X)
Difference Rule
If f and g are differentiable, then
d d d
a[f(X) —gx)] = &f(x) - ag(X)



Derivatives of Basic Functions

Compute the following derivative:

d 5 3

a(12x —10x° —6x + 5)
129 05 10903 69 s 9
_12&(x) 10a(x) 6dX(x)+dX(5)

—12.5x*—10-3x2—6-1+0 =60x*—30x2—6

The motion of a particle is given by:
» s(t) =213 — 512 +3t+4 (tisin seconds, and s(t) in cm)
Find the acceleration function, and the acceleration after 2s.

v(t) = gts(t) =62 —10t+3 in cm/s
a(t) = :;;v(t) =12t—10 in cm/s?

The acceleration after 2s is 14cm/s?.



Derivatives of Basic Functions

Find the points of f(x) = x* — 6x2 4 4 with horizontal tangent.

Horizontal tangent means that the slope (the derivative) is O:
d
af

Thus f/(x) =0 when x =0 or x = /3 or x = —/3.

Thus the corresponding points are (0,4), (v/3,-5), (—/3,-5).

(x) = 4x® —12x = 4x(x®>—23)
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Derivatives of Basic Functions

Sum Rule
If f and g are differentiable, then
d d d
a[f(X)Jrg(X)] = af(X) + dxg(X)
Proof.
d e X+ h) 4+ g(x + h)] = [f(x) + g(x)]
a[f(X) +9(x)] = Am "
0 [f(x + h) — f(x)] + [g(x + h) — g(x)]
= lim
h—0 h
—iim (f(x + h) — f(x) N g(x+h) — g(x))
h—0 h h
i fXER =00 glx+ ) —g(x)
h—0 h h—0
d d
= 5[0+ 5ralx)



Derivatives of Exponential Functions

We compute the derivative of f(x) = a*:

. f(x+h) —flx) . ath—ag
! o AT IR a —4a
Fix) = /|7|Lno h fI)ILno h
— lim ax'aih_axf lim axahifax. lim a1
a h—0 h a h—0 h o h—0 h
Note that
ah—1
[ =f
h@o h (0)
For f(x) = a* we have
f'(x)=f'(0)-a*

Note that slope is proportional to the function itself.




Derivatives of Exponential Functions

For f(x) = a* we have

fora=2 f'(0) = lim 27— 1 ~ 0.69
h—0 h

fora=3 f'(0) = lim 3'7_1;31.10
h—0 h

There is a number a between 2 and 3 such that f/(0) = 1:

h

e is the number such that  lim ——— =1
h—0 h

The function e* is the only exponential with slope 1 at (0, 1).



Derivatives of Exponential Functions

d X _ X
dx(e) =€

d

—dx(ax) = Ina-a*

At what point on the curve €* is the tangent parallel to y = 2x?
Let f(x) = ¥
f'la)=e?=2

Thus a =1n2, that is, the point is (a,e?) = (In2,2).



Derivatives of Exponential Functions

Let f(x) = ¥ — x. Find f" and f”.
f'(x)=¢e—1 f"(x) = ée*

f/




