Derivatives of Exponential, Logarithmic Functions
Given:
dy

if y=e",then —= Answer: "
dx

d 1
if y=Inx then find 9 Answer: —
dx X

ex1 If y=xe'—¢"'—2x°, use algebra to determine any relative maximum or
minimum values. Is there an absolute minimum or maximum value?

(Answer: local max (0,-1), local min (In4, 4In4-2-2(In4)"2) which is about -2.30)



Ex2 Find the equation of the tangent to
=2 (Answer: y= —2x+2)
e X e

when

XxX=e

Ex 3 Suppose h=¢" —In(#* +1) . (tin seconds, h in metres).When is the
velocity equal to zero? Is this a maximum or minimum height? Find the
acceleration. Is there a minimum or maximum velocity?

Answer: a) at t=1 b) neither, as the velocity has a double root at t=1
2(t° -1
)a= ( )

W d) yes, at t=1 the acceleration goes from - to +, so min v at t=1.
" +1



2
Ex 4 Find % at(1,0) it Uiy yy= @ity
X

ey

(Answer: dy =-3)
dx

Ex5 Find the derivative of y =5". Then try to find a general result.

Answer: a) ? =(In5)-5* and in general, ? =(Ina)-a*, where y = a*
X X

Ex6 Find the derivative of y =log, x. Then try to find a general result.

d 1 (1 d 1 (1
Answer: Y —(—j, and in general, Y —(—j, where y = log, x
dx In5\x dx Inal\x

Ex 7 How would you find the derivative of y = x* ? What is the minimum value of

this function?

(Answer: Take In of both sides first and then take the derivative
1

min value is (l) =0.692)
e



Ex 8 Find the smallest positive value of the constant k such that the graphs of
y=e¢" and y = ksinx are tangent to one another. Find also the point of tangency.

(Answer: k =~/2¢* =3.10 and point is (%,e“j)

Exponential /Logarithmic Functions- Limits

Exponential limits may still include I'Hopital’s rule, order of size, using a
substitution and first principles of derivatives as methods of solution, but there
are two new types of limits we will discuss involving definition of ¢ and
logarithmic method.

Ex 1 Evaluate the following limits:

In(sin >
24y . In(sin) _ 1
a)lim———~ b) lim C) limxIn(—+1)
x0T 4 X =7 cosx+1 X x
. 1 x . 1 x . 1/x
d) lim(1+—) e) limx(l1--) f) lim4xe'™ —4x
X—>00 2x X—>o0 X xX—>00

Answers: a) 0 b) —i c)1 d) Je e)nolimit f) 4



Day 9- Problems- Logarithms, Exponential Functions

1. Solve for x without a calculator. Leave answers in exact form:
a)6+e =16 " b) Inx+log , x =-3

2. Find the equation of the tangent to y =3*—3""' —(In3)x +In3+2x at x=1.
Leave answers in exact form.

3. Find the value of the constant k such that the graphs of

1 - .
y=Ilnx andy=- §x3 + k will intersect at right angles.

4. The graphs of f(x)=x” and g(x)= klnx, where k is a positive constant are

tangent to one another. Find the point of tangency and the exact value of k.
xy . dy

5. Ife™ =2, then at the point (1,In2) , i

a)-In2 b)2n2 c¢c)In2 d)-2e e)-4In2

6. Iff(x) = e +2 for x< 0 and f(x) = ax+b for x>0, and if f(x) is differentiable at x=0, then

a+b=

a)0 b)1 ¢©2 d 3 e4

1
7. Evaluate: a) lim ¢"In(1—x) b) lirrol(Zcosx —1)*

X—>—o0
8

Find any value of k, where k is a constant, such that the graphs of

y=k" and y = log, x will be tangent to one another. Find the point of tangency.
(Solution follows on next page)



Answers: 1.a)In2 b)

1
&
5.A 6.C(a=-1,b=3) 7.a)0 b)1
Full Solution to #8
Inx

=log, x eql ©@y=—-
y 298 q y nk

y=k* eq2
1

let k* = —— eq3
Ink

also, slopes are equal,

. 1 1
snk(k)y=—— k' = eq4

xlnk ~ x(Ink)?
Equating,

1 Inx

x(Ink)®>  Ink

1/(xInx) _ e(xlnx)—1

Ink = =k=e

xInx

dk
But in order to maximise &, letd— =0
x

0=e""" (=(xInx)?[Inx+1]

:>lnx+1:0:>x:l
e

: . 1
. the point of tangency 1s (_’ el/(lnx))
e

2. y=2x

1
3. kzg 4. point (\/Z,e) and k = 2e






