MATH 120 - SECOND UNIT TEST

Friday, March 20, 2009.
NAME: SOLUTIONS
Circle the recitation Tuesday, Thursday Tuesday, Thursday
section you attend MORNING AFTERNOON

A B

Instructions:
1. Do not separate the pages of the exam. If any pages do become separated, write your name on
_ them and point them out to your instructor when you turn in the exam.
2. Please read the instructions for each individual question carefully. One of the skills being tested

on this exam is your ability to interpret questions, so instructors will not answer questions about
exam problems during the exam.

3. Show an appropriate amount of work for each exam question so that graders ‘:‘can see your final
. answer and how you obtained it.
4. You may use your calculator on all exam questions except where otherwise indicated.: However,

- if you are asked to find an exact value of a quantity that involves an integral then you should not
: use calculator integration for this.
- 5. If you use graphs or tables to obtain an answer (especially if you create the graphs or tables on
your calculator), be certain to provide an explanation and a sketch of the graph to show how you
obtained your answer.,

6. Please TURN OFF all cell phones and pagers, and REMOVE all headphones.
Problem Total Score

1 13
2 o 19
3 14
4 15
5 15
6 | 24

Total 100




SOL\WLTIONS

2
1. 13 Points. SHOW WORK AND CLEARLY INDICATE FINAL ANSWERS.
The Folium of Descartes is a curve with the equation:
X +y =3"xy.
(a) (8 points) Find a formula for % for the Folium of Descartes.
Use implicH— differentatrion:
2 | - d
dx dx
2 d
3 Y .....Z.. -— 3x ___Ld — 3 - 3y 2
. = y X
dX d x .
dy 2 — 2
| (3); - 3x = 3y - 3x
dx . _
dy By — 3x*
d x 3yz - 3x

()] (5 points) Find the equation of the tangent line to the Folium of Descartes at the point (%,%)
e _ .
Slope of- *I'cuxs.zni- line. = 3(3/2.) - 3(3/2.) = -1,
3(%)" - 3(34)

EC‘U\G.‘HW‘\ of 4‘0“_92.(\"‘ line ! y — 3/?_ g ——1(X“3/2_)



SOLUTIONS _
3

2. 19 Points. SHOW ALL WORK. CLEARLY INDICATE YOUR ANSWERS.

In this problem, the function f{x) will always refer to:

x+1
f(x)=2x-:-1'

(7 points) Find a formula for f - (y) . As part of your answer, you should demonstrate that such a

()

formula exists.
AW
Grraph of y = X+ : ; g
Zxtl e il A LR
) <> K
This graph passes He ;
horizontal lrae +=s+ '
wz=lify
y = X+ |
ZX + )
Y(‘Z.X'-l-l)_ = X 4+ | ¥ = ) _7
| zy —
22Xy +Y = X+ |
(=Y ad
2xy =X = |-y y . ‘
- £ (Y) = b — vy

(b) (3 points) Evaluate f~'(2).

FU(%Y= 1= 2%
2(¥Y3) ~ |

Il

Continued on the next page.



SOLUTIONS

4
SHOW ALL WORK. CLEARLY INDICATE YOUR ANSWERS.
In this problem, the function f{x) will always refer to:
x+1
X)) =
f( ) 2x+1
(c) (4 points) Evaluate f '(l).
F£'(x) = (2x+1) — 2(x+1) = — 1
T
£01) = - =l
(2+1)* 9

()] (5 points) Write down an equation for the tangent line to the curve s= f 'l(t) at the point where
t=42.
3

The slope of The -}-ansen-)— line i
| |

f'(f"("/;)) £'(1)

m =

i
It
I

~0

The quaHon of +he -I—o.rxse.q-l- line 4o Hhe
PQ;n-l-. (E,S) ='(2'/3, ]) 'S

S - :L,': —?(t—'z/g)



SOoL.UTIONS

3. 14 Points. SHOW YOUR WORK. NO WORK = NO CREDIT.

Carbon-14 is a naturally occurring radioactive element with a half life of 5730 years. This means that if you
have 100 micrograms {ug) of carbon-14 today, after 5730 years, you will have only 50ug of carbon-14 left.

(a) (3 points) Let M(¢) represent the mass (in pg) of carbon-14 present in a piece of wood. M(?) can be
defined by a differential equation:

M'(r)= k- M(t).

Write down a formula for the function M(#). Your formula may contain up to two unspecified

constants. / constant

k-t
M(t) = A-e

7

constant

() (4 points) The half life of carbon-14 is 5730 years. Use this to evaluate one of the constants in the

formula that you found in Part (a). A
When t=5730, M = "z
: A ' K (s?30)
S ] ' . e
N _ k(S?‘Bo)
2 =
i,
K £n (%) ~ —0.00012097F

5F30

{c) (7 points) A piece of living wood normally contains 0.001 ug of carbon-14. When the wood dies, the
carbon-14 begins to decay. A piece of wood found buried at Stonehenge in England contained only
0.00063 ug of carbon-14. How old is this piece of wood? Show your work — no work = no credit.

A = 0O0.001. T = ajle. of buried wood,
- 0.000/2013 7T

D.00063 = 0.00]. &

—-0.000f{209% T

O0.00063
= e
©.co0 |
- | 0.000673
T = L
O.00|

0.000120%9%F

~ 3819. 482 years old.



SoL.UTIONS

4. 15 Points. SHOW ALL WORK. CLEARLY INDICATE YOUR FINAL ANSWER.

A lighthouse 1s located on a small island, four (4) miles from the nearest point P on a straight shoreline. The
light in the lighthouse makes two (2) revolutions per minute. How fast is the beam of light moving along the
shoreline when it is half a mile from P?

Show your work (no work = no credit) and clearly write your final answer in the space provided below.
Include appropriate units with your answer.

Shore

" Now

When

dx
dt

Lwe want dx when

dt
. x= I
4 house =
Have ' de = 4 ¢ r‘ad:’qn:/‘.
Te | minute,
We will begin by fiading a
f‘e.la‘HonSki'p bethwugen X aand &,
X = +an (B)
4
A = 4. +o.n (B).
d — —
X = dx  d8 = 4 sect(e) 47T
dt de dt
x = V2 , sec (B) = J‘*"‘*‘ (‘n)* SO ¢
l+
Jar+ () \? ,
= 4"( — ) 47 = 5[.0509

SPEED OF BEAM OF LIGHT ALONG SHORE: 5]. 0509 mil e.r,/ minute




SOLUTIONS
5. 15 Points. NO WORK =NO CREDIT. CLEARLY INDICATE FINAL ANSWERS.

Solve each of the following equations to find all possible solutions, x. You may use the followmg formula
without justifying it:

log, (x) =15

in(a)

You should not use your calculator on this problem for anything except simple arithmetic, evaluating
logarithms and exponentials. In particular, you should not solve these equations by tracing the graph of a
function or funding intersection points on your calculator.

(a) (9 points) log(x +1)—log(x) =2.

|°3 X+l ) 2

10°

B
O
Il

I

100

10O

h

X + | = loo X

SoluHon~ Y =

Continued on the next page.



SOLWUTIONS

NO WORK = NO CREDIT. CLEARLY INDICATE FINAL ANSWERS.
Solve each of the following equzitions to find all possible solutions, x. You may use the following formula
without justifying it:
In(x)
loga (x) = a> O
In(a)

You should not use your calculator on this problem for anything except simple arithmetic, 'evaluating
logarithms and exponentials. In particular, you should not solve these equations by tracing the graph of a
function or funding intersection points on your calculator,

(b) (6 points) log(x) = In(x).

Note +hat log(x) = log, (x) = Ln(x)
£n (10)

Sﬁ, loj()() = An(x) is  equivalent o

& ()
Ln (10)

= .(’.n(x.).

AS /e_n(lo) # I) | ‘H\?. On’)/ So’uHOn oFf ‘f“'\;S
e.iugq'h‘on ig
Aa(x) = O

_>< — eﬁn(x) | o

i
"
It
N



SOLUTIONS

6. 24 Points. NO WORK = NO CREDIT. CLEARLY INDICATE FINAL ANSWERS.

In each case, determine whether the limit exists. If the limit exists, find its value.

Lim 1- cosh(S}c)

2

{a) - (8 points) x—0 X

As X=>0, cosh(5x) > O so +his is an
indeterminant foerm (%) ondl L’H—S'Pf#al'J rule

can be used.

Lien | - COSl"\(SX) bfen - 5 Sl'nl'\(5._>()

I

X—=>0 X * X >0 2%

This is alse an indetrerminant Form (%) Sa

L'ng‘afql': rale Cam be ysed again.

Lim 1 = cosh(5x) _  Lim =25 cosh(5x)
’('?O X * | X~> o 2
= —'725.
2.

So, the limit+ exis+s and eq\als —25/,

Continued on the next page.



SOLUTIONS 0

NO WORK = NO CREDIT. CLEARLY INDICATE FINAL ANSWERS.

In each case, determine whether the limit exists. If the limit exists, find its value.

Lim ln(ln(x))
(b) (8 points) . mm.

As X —>» oo Hiis is an indeterminant Form |\

!’

S0 L'HSPH-GI.’: rule can be used.

i ,Cn(fn(?‘-)) Lim ! —,-
= An(x) x.
¥ - 0 % . b_‘(x) ¥ —> OO .
Lni(x} + 41
= O,

So, +he limit exists and is equal fo zero,

Continued on the next page.



SOL.UTIONS »

NO WORK = NO CREDIT. CLEARLY INDICATE FINAL ANSWERS.

In each case, determine whether the limit exists. If the limit exists, find its value.

. Lim 1 1
(©) {8 points) x—1 1n(x) - x_1/

Note +Hhak when X F 1,
i ] X =1 = An(x)

————— gy

£n () X -] (x-—-[). ,(,n(x)

It

As X —> I, +his an indeterminant form (%):o

L Hspf'l"qllr rule can be uwused,

L;M( ! 1 ) L fw 1 - %

X=>1 \ £n(x) X — | X g (x) 4+ X~
X

This is sHIl an iadeterminant Form (%‘) So we can
“ie L'Hépitaly rule ag ain.

. . ' ,
Lion ( -—_,._......, — ‘ i — le xz, [
XA =»l An(x) X — |

It

!
—_ .).(.._..i.

So, the limi+ exists and s equal +o V2.



