Lab 4 — Related rates, etc.

My Goals:
1. Torecover the Related Rates material on which you did poorly on the latest exam
2. To practice word problems
3. TousesomeDerive
4. Towork in groups

I ntroduction

We had more problems with the Chapter 3 test than | expected. In thislab we will
attempt to strengthen some of the skills that seemed wesk on that test.

Thislab comesin two parts.

Inthefirg part you will find three Related Rates problems. For each problem
you should
Restate the problem in your own words,
Draw agood picture of the problem, labeing parts appropriately,
Set up the necessary equations,
Solve the equations by hand,
Verify your solutionsin Derive, and
State your solution in a complete sentence.

Sk wbdpE

Do each problem on a separate page. Make these look good.

In the second part you will take a number of derivatives. For each example, you
should take the derivatives by hand, carefully labeling each step and describing what you
aredoing. If the problemisalogarithmic differentiation problem (from page 258), you
should do it twice, once using logarithmic differentiation and once without it. Then you

should check your answers with Derive.
Itisvery likely that you will find thet different methods give different versons of
the same answer. Show that the different answers are redly the same.

Do not continue any problem from one page to another page, if you can avoid it.

First part — Related Rates
Snidely Whiplash

Snidely Whiplash had tied poor Priscillato the railroad tracks. She turns her head
to see atrain approaching at 100 ft/sec. She stares at a headlight 20 feet above the
ground in the middle of the train front, awaiting her doom. What is the rate of change of
the viewing angle when thetrain is 20 feet from our doomed friend? (Don't worry;
Dudley DoRight will redlly save her.)
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A Shaggy Dog Story

| just got a puppy. It seems he has discovered the bathroom. And init isthis
wonderful toy hanging on the wal with a soft end dangling down thet is just begging to
be pulled. Which iswhat heis now in the habit of doing. He trots into the bathroom,
grabsthe end of the toilet paper, and then runs out the door with a streamer unreeling
behind him.

Being acdculus geek, | saw this, and did | panic? Of course not. | thought, "If
the dog runs at 2 meters per second, how quickly is the radius of the toilet paper rall
decreasing?'

| decided to ask you.

Before you dive into this problem, you need allittle more information. So, you
ask me afew questions.

You: How thick isthetoilet paper?

Me:  Why do you need to know this?

You: Wadl if the paper were very thick then weld expect that each turn of the roll would
reduce the radius by more than if the paper were thin.

Me  Thisparticular brand is 0.00005 meters thick (that's about 2 thousandths of an
inch, and that’ s pretty thin.)

You: We need to know at exactly what moment we want to know this rate of change.

Me:  Who do you need to know that?

You. Becauetheradiusof therall is changing a arate which is perhaps not congtarnt,

Me  Solet'ssay it isa the moment when the radius of theroll is 0.05 meters (about 2
inches), or about half way down.

Sand castles

10 cubic meters

Sand fdlsfrom a conveyor belt at arate of minute | The pile of sand
awaysformsacone, and it is a property of this sand (called its “angle of repose’) that
the height of the pile aways equa to 3/8 of the diameter of the base (or 3/16 of its
radius) How fagt are the height and the radius changing when the pile is5 meters high?

(Hint: Volume of aconeisgivenby V :%przh , Wherer istheradius of the base and h

isheight of the cone))
You'll need to gather some facts

At the spring and fal equinoxes (March 21 and September 21, gpproximately) at
the equator, the sun passes directly overhead at noon. Hence, a 50 foot flagpole standing
draight up a the equator will cast its shadow dtraight down, and will have zero length.

That doesn’'t mean that the shadow isn't moving, though. It'sjust passing through
the base of the flagpole.

Y our task isto find how fast this shadow is moving at noon, at 3:00 pm and at
6:00 pm.
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Y ou know lots of facts about the motion of the earth and how fadt it rotates, so
I’m not going to tell them to you here. Make sure you include them in your write-up of
the problem.

Second part —derivatives

L ogarithmic derivatives (see directions in the Introduction)

From page 258, between number 137 and 142. Findy'.

L y:2(><2+1)

|

cos
2u2"

2. y=
Ju?+1

3. y=(sing )“/q_

4. y: (lnx)ll(lnx)

| nverse trig functions

Smplify the fallowing (from page 230, numbers 29-39)

5. %ca%an'lfg

& 29

®. 12Y06
6. CoSpSIinT T — =

8 39
7 sinotan 2
' & Yxi+lg
8. tan(cos‘lx)

Find the following derivatives. Seethe ingructions in the Introduction. (from page 230
numbers 49-70)

9. y:cos'lae—lg
&x
10.  y=cot*/x
11.  y=tan*(Inx)
1 0

12. y:cot'lae—1+tan X<
&x 2
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Word problems

Onemore

13. Page 231 number 75

14. Page 231 number 76.

15.  Thetwo curves y* = x® and 2x* + 3y® = 5 intersect at two points, (1, 1) and

@, -1).
1
2.

Draw both curves, showing the intersections.
Find the equations of the lines through these points and perpendicular to

the curve y* = x°

Find the equations of the lines through these points and paralléel to the
curve 2x° + 3y* =5,

Draw more nice pictures.

Comment on what this shows.

Rough grading paradigm:

Appearance:

5 points

Use of technology 5 points

Related rates

5 points each; 20 points total

Other problems 2 points each, 30 points total
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