Context-Rich Problems: Energy

FOCUS the PROBLEM: (This is done the same way as all context-rich problems).

>

As with all the context rich problems, in this step you should draw a picture using all given
information. Once you have drawn the picture you should not have to look at the problem
again to get any information. The picture should not be done in "physics" language, but
rather simply a picture with all the information.

Question(s): Write down what specifically is asked for in the problem, not how you will
solve it.

Approach: Write a brief description of how you expect to solve the problem. You should
include “conservation of energy.” You may also need to use other approaches like
kinematics or dynamics.

DESCRIBE THE PHYSICS:

>

>

For problems involving conservation of energy you should draw a 3 part diagram. The first
part should be a coordinate system showing the initial conditions, or state. This should
include everything you need to determine the kinetic energy and potential energy of the
system. The variables should including all values of mass, velocity, height and spring
compression distances. (After all that is what you will need for kinetic energy, gravitational
potential energy, and elastic potential energy. The third part of the diagram should be the
same thing as the first part, but for the final state. The second (middle) part of the diagram
should be an energy transfer diagram. This should show all forces that have a component
along the same axis as the motion. It is from this diagram that you will determine the work
done by nonconservative forces. Make sure every unique variable is uniquely labeled.

If you also need to use kinematics draw a motion diagram. If you also need to use dynamics
draw a free body diagram.

Target Variable(s): (This is done the same way as all context-rich problems).

As always, write only what is actually being asked for in the problem, using the exact
subscript(s) you defined in the “Physics Diagram and Defined Quantities.” There should be
no more target variables than what is actually being asked for

Quantitative Relations: Write the equations you will use for the problem based on the
approach you described. Any general equations you might use must be written here. For
conservation of energy, two equations that must be written down are:

o Wy =AE=AK+AU

o W=JFd




PLAN THE SOLUTION: (This is done the same way as all context-rich problems.)

> Construct Specific Equations: If you don’t know where to start, then start with an equation
with your target variable, and with as many other variables as you know. Make sure you use
appropriate subscripts as defined in “DESCRIBE THE PHYSICS.”

» Once you have one equation with your target variable in the equation, write exactly what
your unknown quantities are. Use the same subscripts defined in the previous section. If you
have more unknown quantities than equations write another equation and keep track of the
unknowns, and rearrange the equations as necessary.

> As much as possible and reasonable, you should be doing almost all of the algebra without
solving for actual numbers.

» When you have a final equation which solves for the target variable, make sure the units are
correct.

EXECUTE THE PLAN: (This is done the same way as all context-rich problems.)

EVALUATE YOUR ANSWER: (This is done the same way as all context-rich problems.)



Problem #2: A 0.20-kg egg is dropped from a ladder a vertical distance of 4.0-m. The egg will break if subjected to an
impulse force greater than 80-N. Over what minimum distance must a constant force be exerted to avoid breaking the egg?

(Similar to Fishbane, Gasiorowicz and Thornton 1993, problem 6.9)
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PLAN the SOLUTION
Construct Specific Equations
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EXECUTE the PLAN
Calculate Target Quantity(ies)
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EVALUATE the ANSWER
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Problem #3: Show that the minimum distance needed to stop a car traveling at speed v on a level road is v2 2ug, where
p is the coefficient of friction between the car and the road and g is the acceleration of gravity. (Similar to Fishbane,
Gasiorowicz and Thornton 1993, problem 5.20)
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Construct Specific Equations
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EXECUTE the PLAN
Calculate Target Quantity(ies)

No Numerical calcoulation V‘e%uifecl.

EVALUATE the ANSWER
Is Answer Properly Stated?

s As exPed*ecl Xe has units of
length.

Is Answer Unreasonable?
No. The la\rﬁex ¥, He [onger Xg.

And He largec u (e, the stronger
Hee 'Fn‘cﬁouj force) Hhe shorfer Xe.

This wmakes gewnse.
Is Answer Complete?

Vec. As \rezucs{eJ we have Showw
"Hﬂa"‘ Xe = Vn'z .
¢S Vi

(extra space if needed)

5-15



Problem #5: A water slide is 42-m long and has a vertical drop of 12-m. If a 60-kg person starts down the slide with a
speed of 3.0-m/s, calculate his or her speed at the bottom. A 120-N average friction force opposes the motion. (Similar to
Fishbane, Gasiorowicz and Thornton 1993, problem 6.63)
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EXECUTE the PLAN
Calculate Target Quantity(ies)
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EVALUATE the ANSWER
Is Answer Properly Stated?

Fes. As expec‘fecl Ve has units of
Ye/aa"/y.

Is Answer Unreasonable?
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Is Answer Complete?
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(extra space if needed)
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Problem #6: Every winter you hold an annual ski party. Most of your friends are good skiers and can handle the tow rope
which is used to go from the lodge to the first chair lift. The tow rope is somewhat unusual in that it pulls skiers with a
constant force rather than pulling them at a constant speed. One of your friends, who weighs 176 pounds, usually loses his
balance when a tow rope pulls him faster than 5.0-mph. This tow rope pulls people up a 12 degree hill that is 328-ft long.
The tow rope exerts a 62-1b force on the skier, and the 4.0-mph wind together with the sticky snow exert a 25-1b force that
opposes motion up the hill. Will your friend fall?

FQCUS the PROBLEM

Picture and Given Information \/; =

(76 A skier

Question(s) (Il +he 5Pee.c( of the skiex be grca‘fu’ than Swph before
he reaches the top of the hille (TF so, he will £51.)

Use conservation of enwevay. System: skier and Eavth

Time: Tuitial hme (s the mstant Yope starts b FU“ skiev.
Final Hime is the instant skier veaches ’h:P of the hill.
Iuitial emexnqy is Zevo. Final enevqy is kinetic and grav. f)o‘fewh‘a/,
Taput enerqy is dve + +he fow vope. Ou'fPu‘(’ energy s dve ‘o
DESCRIBE the PHYSICS wind and snow resisfive forces —> agsomed constant.
Diagram(s) and Define Quantities The normal fovee is Pex‘pwdu‘wlar o ‘Hre divechon
of wotiaon <o it leads +o no energy +ransfer.

Approach

ewner diaaram
mitial ene Lins!
<§+'31"e- 'h'av\: 5‘(> <5~|fg§re A
Y +4 ./'
*T -1 =288
g e
Y -e V=0 4 — + 4x

o X %
Target Quantity(ies) W=1760b v.=0 F=¢ol x;=0 yi=0
Quantitative Relationships g: 22&/5-" Vp=7 F; =250 Xe :fcose Ye= Psi V\Q

O U
0= Ee-f= Wy B g ehat

| 2
-1
Ee= ZVXE 1w9m cgmipT gy, = S’f"d“ 'S;E"AT
W\“—;S;F‘l" AT A( W
2= 3 $0: Tmg
We =5 Fdr
5-204 ¢ Wyo Wes Wy



DI VWAV VY VY YI VI I I IVIYIIIIIIIIIIIINYYI

A

\“ \\\ \\\ (\\ {\_\ W \‘\

PLAN the SOLUTION
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EXECUTE the PLAN
Calculate Target Quantity(ies)

- ZZ‘F( 2)(328 & *
Vi = [26 172‘11( Bt -26tb- 172 sinl2"

Imi(e) 3600 s
Vc =70 .F G2R0f¢ (l kour)

= This is less Haam
VF q‘gw'/hr 5:{3\« so he skier
%{o\oa‘o\s will wet

all

-

VALUATE the AN R
Is Answer Properly Stated?

Yes. As expected Vp has units of
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Is Answer Unreasonable?
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Is Answer Complete?
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