Math 140 - Calculus I - Sections 02**
Instructor: Prof. Dolzmann

Spring Term 2002

Test 2 - Solutions

1. Find the following derivatives and simplify the resulting expressions if possible:

a) f(z)=5"+2° find f'(z); b) h(t) = cos*(e"), find ' (¢);
d2
c) y=In(z®>+1), find ﬁ

Solution: a) Since 5% = exp(zIn 5) we find
f'(z) = (In5)5% + 52*.
b) In view of the chain rule,
B (t) = 4cos3(e*t2) (- sin(e*t'z)) et (—2t) = 8t cos3(e*t2) sin(e*tz) et

c¢) Again by chain rule,

dy _ 2o

dr 22 +1’
and

Py 22 +1)—22(2z) 22 +2

dz? (22 +1)2 T (22 +1)2

2. a) Use implicit differentiation to find the derivative of y with respect to z at the
point (2,0), where y is implicitly given by

2%V = 1.
b) Find an equation of the tangent line to the function y implicitly given by
sin(z +y) =2z  at the point (0, ).

Solution: a) We find by differentiating both sides with respect to z that

2 dy

2
2e” Y (2
e (a:y+$ da

) =1

and hence

dy 1 2y

dr 222" 1z
This formula gives at the point (2,0) the value of the derivative for y to be equal
to 1/8.



p=position Kite

100 _
s=string

FIGURE 1. The variables in the kite problem.

b) We use again implicit differentiation to find

dy,
cos(z +y)(1+ %) =2,

and thus
dy _ 2
de  cos(z +y)
Hence the slope of the tangent line is equal to —3 and thus
y=-3—-0)+7r=-3z+nx

is the equation of the tangent line.

3. Use linear approximation to approximate the value of
In(0.95).

Solution: Recall that the formula for linear approximation is
fla+h) ~ f(a) + hf'(a).
We choose f(z) =Inz, a =1 and h = —.05. Then f'(a) =1 and
In(0.95) ~ 0+ (—.05) = —.05.

4. A kite 100 feet above the ground is being blown away from the person holding its
string. It moves in a direction parallel to the ground and at the rate of 10 feet per
second. At what rate must the string be let out when the length of string already

let out is 200 feet?

a) Make a sketch and label clearly the variables. State explicitly which rates are

given and which rates you need to determine!
b) Which identity do you use to relate the variables?

¢) Solve the problem.

Solution: a) Let s be the length of the string let out and let p define the position
of the kite, i.e., p is the distance from the person holding the kite (on the ground),

see Figure 1. In this notation, we know that



dp
= -1
dt 0,

and we have to find
ds

dt li=to
b) We use that by the Pythagorean Theorem s? = p* + 1002

where s(tg) = 200.

c) We differentiate this identity and find

ds dp
2s pn =2p pn
and hence
ds pdp
dt s dt
We find from the identity relating the variables that p?(to) = 200% — 1002 = 3-1002
and thus
ds V310010
dt le=ty 200 5.



