WE.2.L1.sols: Woikinetic Energy Theorem

Monday, January 22, 2018 5:44 PM

Work-kinetic energy theorem
Foundation Stage (WE.2.L1)

lecture 1
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Energy Timeline
Work-kinetic ener Conservation of ener Energy analysis:
gy
theorem Energy and forces
2 Q <
i o)
% o % %, 2 e %
% %, % 9.5 % %
% S, %% i %
(o [ oS- lens < %
“ % & 2. 0 % [
£ 5 6. - )
‘)@ 2w ol e 63) ®.
< O £ ) @
o Cotlii ) < b L
®, e 2 ?s ﬁ- <
- 2. o - < )
% % 3 % A
GY € % 8,
e £
) %
?.P

Textbook Chapters
3 BoxSand :: KC videos ( work and kinetic energy )
3 Giancoli (Physics Principles with Applications 7% :: 6-1;6-3
3 Knight (College Physics : A strategic approach 3) :: 10.2; 10.3
3 Knight (Physics for Scientists and Engineers 4™) :: 9.1;9.2
Warm up
WE.2.1L1-1:

Description: Proportional reasoning with KE.

Learning Objectives: [?] - Can you identify the objectives from the previous lecture, and this lecture, that this question is relevant to?

Problem Statement: The kinetic energy of an objectis definedas: 0 O ud 0 , where mis the mass of the object and v is the speed of
the object. If an objects speed increases by a factor of 3, by what factor does the KE change?

(1) 1/9 e
gg s KE= zmy
4 g (Iu/ m= 17
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Selected Learning Objectives
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Find the kinetic energy for a system.

Identify which quantities are scalars and which are vectors.

Define the work-energy theorem and explain how work is a mechanism to transfer energy between systems.
(UPMF) Differentiate between internal and external work.

Demonstrate that energy involves forces applied over distances and momentum involves forces applied over time.
(UPMF) Find the area under a net force vs displacement curve and set that equal to the work on the system.
Identify that work is a dot product between the force and the change in position.

Determine whether work is positive or negative based on forces and displacement.

Determine whether (net) work is positive or negative based on the change in kinetic energy.

Identify that a dot product depends on the magnitude of the two vectors and the smallest angle between them.
Explain how a dot product shows how much one vector points in the same direction as another using the projection method.
(UPMF) Use a vector operation diagram to visualize the dot product between two vectors.

Calculate work by applying the dot product in the mathematical form via magnitudes and smallest angles.
Calculate work by applying the dot product in the mathematical form of summation of products of components.
Construct the work-energy theorem in the mathematical representation to analyze physical systems.

Key Terms

3 Work

3 Dot product

3 Kinetic energy

3 Work - kinetic energy theorem

Key Equations

Work Kinetic Energy
Type of work and : Dot product Kinetic Energy | Mass | Speed
applied (generic) (a vector operation)

A

J AT KE = <m?

=A
2
LI Disuiu-nem

In words: The kinetic energy of an object is equal to one half the
mass of the object multiplied by the speed of the object squared.

In words: Work done by A is equal to the dot product of A
with the displacement that the acts through.
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Type of work and :
applied {(generic)

WA = [F? |aT| cos(o)

[Work [Force )

In words: The work done by A is equal to the magnitude of A
times the magnitude of the displacement that the acts through times
the cosine of the smallest angle between A and the displacement

when placed tail-to-tail.

external
/ to system Net (i.e. add

Work - kinetic energy theorem

Change in OR Initial
Kinetic Energy Kinetic Energy Work

I
N
m

W = AKE KE; +2W,..

to system

up all of the __)

MNet (i.e. add
up all of the __)

In words: The final kinetic energy of a system is equal to the initial kinetic energy
of the system plus the net external work.

In words: The net external work on a system is euqal to the
change in kinetic energy of the system.

Key Concepts

3 Work is a scalar quantity. Remember that scalars can be positive or negative.

3 The dot product is a vector operation that takes in two vectors, and returns a scalar.

3 Conceptually, the dot product askes how parallel two vectors are relative to each other. The larger the value of the dot product, the
more parallel until the dot product becomes its maximum value, then the two vectors are perfectly parallel to each other. If the dot
product is zero, then the two vectors are perpendicular to each other.

3 The angle that goes into the cosine in the dot product, is the angle between the two vectors when placed tail to tail. Itis a good idea
to draw a vector operation to find this angle when the vectors are not parallel or perpendicular.

3 The definition of work as seen in the key equations above is only valid if the force and displacement are constant.

3 Kinetic energy is a positive scalar that represents the energy associated with the translational motion of the center of mass of an
object.

3 The work - kinetic energy theorem relates the net external work and the change in kinetic energy of an object. If the kinetic energy of
an object increases, then the net external work on the object is positive. If the kinetic energy of an object decreases, then the net
external work on the object is negative.

3 If you have information about forces and distances for an object, then the work - kinetic energy theorem is a good place to start
when trying to analyze the motion of the object. Similarly, if you have information about forces and time for an object, then the
impulse - momentum theorem is a good place to start when trying to analyze the motion of the object.

3 For 1-D motion, the area under the net force vs position graph is the work done on the object. Recall the work - kinetic energy
theorem, thus the area under the next force vs position graph for 1-D motion is also the change in kinetic energy of the object.

Act I: Work
Questions
WE.2.1L1-2:
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Description: Identify relevant physics analysis tools given a scenario. (2 minutes + 2 minutes + 2 minutes + 2 minutes )

Learning Objectives: [5]
Problem Statement: Which of the following physics analysis procedures can be used to analyze the given scenarios?

(a) A carton a table with negligible friction has an ideal rope attached to it which is draped over an ideal pulley and connected to a
hanging mass. The cart starts from rest and goes thorough a displacement of Y »:

e ——————

Kinematics analysis Al
@) Force analysis _ po DG anto oF 4t = )
X (3) Impulse and momentum analysis 7~ - ‘e e

X (4) Conservation of momentum analysis 4 F‘xé‘
@ Work and kinetic energy analysis

W\ tAT 4+ GF =ma

Of WKk AT 4 SW

(b) A cart on a table with negligible friction has an ideal rope attached to it which is draped over an ideal pulley and connected to a
hanging mass. The cart has an initial velocity to the left and the tension acts on the cart for some amount of time pt before coming to a

e ———
rest.
Kinematics analysis v,
Force analysis
. At my )
Impulse and momentum analysis N e o ya

X (4) Conservation of momentum analysis ~ AP % 3
X (5) Work and kinetic energy analysisl

NO MIpECT TnPo of 4]
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(c) Awood box slides across a carpet, going through some displacement Y »before coming to rest.

Kinematics analysis v I
Force analysis i V.= O
X (3) Impulse and momentum analysis e - f
X (4) Conservation of momentum analysis A r

@ Work and kinetic energy analysis

(d) Aclay ballis thrown at a cart with negligible friction. The two then stick together and move with a uniform speed to the right.

X (1) Kinematics analysis

X (2) Force analysis

y (3) Impulse and momentum analysis
Conservation of momentum analysis

X 5) Work and kinetic energy analysis
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WE.2.L1-3:

Description: Find work from tension for a 1-D system. (4 minutes + 2 minutes)

Learning Objectives: [7, 8, 10, 12, 13]

Problem Statement: Consider a system of just the cart. Calculate the work done by tension on the cart.

(a) A carton a table with negligible friction has an ideal rope attached to it which is draped over an ideal pulley and connected to a

hanging mass. The cart starts from rest and goes thorough a displacement of 2 meters to the right with a constant tension of 5 N to the
right.

T -
T _ f: AT Id
(1) 3N = AT
2 -BNTn \/\)
(3) 6N I~ ~
" 1%“5“ = [F'| 147 wso | | 7
m
(6) -10 Nm - (SN_)(Q"‘) (0 0) Sq M, )
\,M' = )0 M

=1

‘:.
— 6;0
r_—‘—-’

AT

(b) A cart on a table with negligible friction has an ideal rope attached to it which is draped over an ideal pulley and connected to a
hanging mass. The cart has an initial velocity to the left and the tension, 5 N, acts on the cart thorough a displacement of 2 meters to the

left.
T._ =T -
(1) 3Nm \N = “’1 “AF( o s6 AP
(2) -3Nm —'l
3) 6N
E4§ 8Nm = (SN)(D.:-\) (o3 £180) ﬁ:%ﬁ
5) 10N
8-10Nnr1n ~———
==JOPNr
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WE.2.L1-4:

Description: Rank magnitude of work given a scaled FBD and direction of motion. (4 minutes)

Learning Objectives: [7, 10, 11, 12]

Problem Statement: Three tug boats are pulling OSU's new Regional Class Research Vessel at a constant velocity from the bow of the
boat. The image below shows all the forces acting on the RCRV: Tensions from the tug boats, gravity, and buoyant force. Which force
does the most magnitude of work on the RCRV?

FBD Top-down view [‘:‘ T
g

o (F™(£(F7
0 [cosor,] = |os |

| W< 1’

Fo' L)
YA Sank

lw™ 2 Jw?)

e lCosef\l L | s0a]

(w4 W'
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Description: Find net work on an object given forces and displacement. (6 minutes)

Learning Objectives: [7, 10, 12, 13]

Problem Statement: Puddles the Penguin has a mass of 10 kg and slides down a 3 meter icy slope while there is a constant wind force of
magnitude 8 N up the incline acting on her. Calculate the net work on Puddles. ~

o

123N-m . N ] w
%147N-m éw&r “)4{ W7+ W
(2) 173N-m

(3) -23N-m v

FLaf

= |Foiarlest, + |Fulosb,

R \JE/C-_o\O.
= MYUT (wsfio) ~ [Fo1]ar
= (6 beK4. 350 ) 30) 15766) ~(80 )3y L —;:'?7 - -
% AF
= 47 - ay v
s

2\/‘) = 123 m 84° 9p- 30 = 66°

Description: Identify which forces produce positive work. (4 minutes)

Learning Objectives: [8]

Problem Statement: A truck, starting from rest, accelerates to the right with a box in the bed of the truck as shown in the image below.
Which of the forces do positive work?
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friction from the road on the truck +
friction from the truck on the box +

(3) normal force from the truck on the box 4

(4) friction from the box on the truck <

(5) normal force from the box on the truck o

Description: Identify which forces produce positive work. (4 minutes)

Learning Objectives: [8]

Problem Statement: A gondola, starting from rest, accelerates up and to the right as shown in the figure below. Which of the forces do

positive work?

(1) gravity on the box

(2) gravity on the gondola —~
normal force on the box 4

(4) normal force on the gondola ~
friction on the box

(e) tension from cable on box 4

Ar AT
9 7‘{00 97100
>4 29
Y-o»wx ﬁ"’“""‘"’
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WE.2.L1-8:

Description: Identify vectors and scalars. (2 minutes)

Learning Objectives: [2]
Problem Statement: Which of the following quantities are vectors?

@ Forces
Displacement v/

(3) Work §
(4) Kinetic energyS
(5) Potential energyS

WE.2.1L1-9:

Description: Proportional reasoning with kinetic energy. (4 minutes)

Learning Objectives: []

M2 =2 My

Problem Statement: Two marbles, one twice as heavy as the other, are dropped to the ground from the roof of a building. Just before
hitting the ground, the heavier marble has

(1) as much kinetic energy as the lighter one
twice as much kinetic energy as the lighter one
(3) half as much kinetic energy as the lighter one
(4) four times as much kinetic energy as the lighter one kE
(5) impossible to determine without known masses and speeds

Kovemarees WYz e

o
{

|

“ =V KE o m
d' AF' =AF'L
+ d.| < Z‘L
Th“s (= >
\lfi =\t
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WE.2.1L1-10:
Description: Find kinetic energy given mass and velocity. (3 minutes)

Learning Objectives: [1]

Problem Statement: A 1 kg marble has a velocity of <-3, -4>m/s. What is its kinetic energy?

(1) <7.5,10>) KE /\/ SPEED !

(2) <-7.5,-10>] = 2

g? 125] 2MV
1251

(5) 17.57 [ aia

(6) -17.51 =3zMh V[

kS

)

1)
N —
Gl

P
'
<

P

5
T
<

»

I
~t—
~—
3
——
VS
(&
3
K
—

Act lll: Work and Kinetic Energy

WE.2.11-11:
Description: Determine which forces produce positive and negative work. (4 minutes)

Learning Objectives: [8, 9]

Problem Statement: A crane raises a steel girder into place at a construction site. The girder moves with constant speed. Consider the
work We done by gravity and the work WT done by the tension in the cable. Which of the following is correct?

f (1) weand WT are both zero
£ (2) Weis negative and WT is negative R
+ @ Weis negative and W' is positive R Ar

Energy Page 11



'(: (1) weand WT are both zero

(2) Weis negative and WT is negative R
WEe is negative and WT is positive Af

4) We s positive and WT is positive

r (5) weis positive and WT is negative |
(6) Kinetic energy is increasing

§ (7) Kinetic energy is decreasing

T @ Kinetic energy remains constant

WE.2.L1-12:

Description: Determine which forces produce positive and negative work, rank magnitudes of work, and determine if kinetic energy is
changing or constant. (6 minutes)

Learning Objectives: [8,9]

Problem Statement: A crane raises a steel girder into place at a construction site. The girder is moving downwards and slowing down.
Which of the following statements about the girder are true?

e—————

F- (1) Kinetic energy is increasing
T @ Kinetic energy is decreasing
= (3) Kinetic energy remains constant ﬂ, bt
£ (4) The work from the cable is positive r /—
T g The work from the cable is negative L
T The work from gravity is positive

(7) The work from gravity is negative 1‘

The magnitude of work from the cable is greater than that from gravity d
) The magnitude of work from the cable is less than that from gravity

f (10) The magnitude of work from the cable is equal to that from gravity
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WE.2.L1-13:
Description: Determine sign of work given initial velocity, forces, and coefficients of friction. (4 minutes + 2 minutes)

Learning Objectives: [3, 5]

Problem Statement: A 2 kg block, [initially at rest] is being pulled horizontally by a 5N tension force. The coefficient of static and kinetic
friction between the block and theSurface i1s 0.5and 0.2 respectively.

(a) Which of the following quantities are contributing to increase the kinetic energy?

(1) work from gravity g

(2) work from the normal force o C er .
(3) work from the tension o HECIc TP F¥ 1s e fvar To Mmovt  Bleck

(4) work from the friction g ~

_\F’M 2n S Fl

r 1: s “; I o =2
= /'Smj F_vs
=(0.5)(2)(1.2)

E ‘1.8»'//

50« ST §7 Mzcn ey

-/\"
AF =8

(b) Now sliding in the direction of tension, which of the following quantities are contributing to decreasing the kinetic energy.

/_\”
(1) work from gravity O
(2) work from the normal force 0 A-—‘
(3) work from the tension r
@ work from the friction ~ —_—
WE.2.1L1-14:

Description: Determine sign of work. (3 minutes + 3 minutes)
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Learning Objectives: [8, 9]

Problem Statement: Two people are on low friction carts, throwing a medicine ball back and forth, speeding up the rate at which they
move away from each other.

(a) What is the sign of the work of the ball on person A while they catch . .
the ball? Fe ]
~a o
@ positive >0 r_ B
negative \ I
(3) zero \:—MNA . O O O O

P

(b) What is the sign of the work of the ball on person A while they throw the ball?

positive
(% negative SA~E  Fro .( ..ok ... éWﬁr = AKE
(3) zero . ,
N Ba.
)J’O/ P 0™ = kR
8Ac
W™ = Ake
(+)
WE.2.L1-15:

Description: Rank final kinetic energy given forces and displacement. (8 minutes)

Learning Objectives: [5, 15]

Problem Statement: The diagram depicts two pucks on a frictionless table. Puck 2 is four times as massive as puck 1. Starting from rest,
the pucks are pushed across the table by two equal forces. The forces act on both of them all the way to the finish line. Which puckwill
have a greater kinetic energy upon reaching the finish line?

() Pk AP
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(1) Puck1
(2) Puck?2
Both will have the same
(4) Not enough information to decide.

W/ W” =w2=c Fon Bovr

Y 7= 1
FEF
¥ O =6,

K& P arvEasen

WE.2.L1-16:

/MF é"“fn = [@F

n 9 F -
W"’W +W -—KE.F

(/UF"'KEF

[IEHAF(a,s& =k

“:12 (4729

Description: Rank final kinetic energy given forces and time. (8 minutes)

Learning Objectives: [8, 15]

REcacc TMPUE ~ Mymbata~

2 F‘Drr(]-"' = AP
W/Ii*l < /.-“‘1
AR Z4f,

Problem Statement: The diagram depicts two pucks on a frictionless table. Puck 2 is four times as massive as puck 1. Starting from rest,
tbfw_cks are pushed across the table by two equal forces. The forces act on both of them for 6.0 seconds. Rank the final kinetic energy

of the two pucks.

KEn > KEs
(2) KEn1 <KEg
(3) KEf; =KEs,
(4) Not enough information to decide.

W/ 56 =45
Avd M, LMy

Y 5, 7 ﬂ:,

Tws W Ay
J’ \T;p = \)—‘.\ '-:

AT S AT
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LAY AVt S

JNeCaee  TmPosE—mpmb pon

AT, 2 AT
S W7 R,

WA =4t

AF( =/-§F;

WE.2.L1-17:
Description: Construct work - kinetic energy equation to find distance object slides to rest. (10 minutes)

Learning Objectives: [15]

Problem Statement: A car of mass 1300 kg traveling horizontally to the right as seen from above collides with a 2300 kg truck which was
traveling 9.0 m/s vertically upwards as seen from above. The moment after the collision the truck is moving horizontally to the right at a
speed of 7 m/s. The moment after the collision the car is traveling up and to the right at a speed of 17.57 m/s. The coefficient of kinetic

friction between the road and the car's tires is 0.70. How far does the car slide before coming to a rest?

Bc(fln?citciﬁnli)sion Args’e:ri?jllilion KE .t é WE :.}E/f
\ W C
i l o o
2
A ALY

-1

‘éMc\h: + (F‘Fk“A’e[ %f o)

o

. (7572rg)°

2 (0.)(4s)
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Act IV: Graphical representation

WE.2.L1-18:

Description: Find final kinetic energy given a net force vs displacement graph. (4 minutes)

Learning Objectives: [6]

Problem Statement: Darin the Duck is moving in a straight line in a river. The net force on Darin is shown on the graph below. If Darin
has 2.0 J of Kinetic energy as he passes x = 0, what is his kinetic energy when he reaches x =4 m?

—_—

25 (N) 3 i KE, L 2Wr=,,r = kEs
2 0 p—
ARts
;, //////'// ,X(m)
-1 LY+ 4T = Kb
1 2 3 4 5 6
e e = 6 T
,-Z(“ln) (2 )
47
WE.2.L1-19:

Description: Identify systems with negligible impulse. (4 minutes + 6 minutes)

Learning Objectives: [6, 15]

Problem Statement: Dianne the Duck is moving along a straight line in a river. The net force on Dianne is shown on the graph below.

(a) Whatis the total work done on Dianne? > (N) 5
AFn
1
- 19 )tym) /
swm= 47T —€3J ( m//////, T > X (m)
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1
gz 4T ~F (LIIN:)TWL/\?-?////// EEE
MW= ~27J 1 /
d(10p(-2my J2 4 6 8 1012
- 60

(b) If Dianne is 1.25 kg and initially started with a speed of 2.828 m/s when crossing x = 0, what is her speed as she reaches x=10 m?

KE;‘* éWE,,- :kEf
l‘// 7

2 M\ + (";"T) lz

\

—

-,-(z(l.lfkg)(l.’?‘%)7 ~ 2D = i,_(;.z:k,) T

\)l: G l."l s J

WE.2.L1-20:
Description: Find net work given a kinetic energy vs position graph. (3 minutes)

Learning Objectives: [3, 5]

Problem Statement: The kinetic energy of Pete the Pelican is shown on the graph below as he flies along a straight path. How much work
is done on Pete between x =2 mand x = 6 m?

KE®©) R F.? Don ‘T fawon

/\J
/O\\—/ KE@ x:2 = 4T
Kk@ x=9n = 2T

2 4 6 8 10 12 éwb_ = AKE

——

HON W s

o
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Conceptual questions for discussion

1. Cananormal force on an object ever do work? If so, provide an example. If not, explain the reason why.

2. Can static friction ever do work on an object? If so, provide an example. If not, explain the reason why.

3. Consider pushing on a wall of a house. Are you doing work on the house? Support your answer with the work - kinetic energy
theorem.

Hints
WE.2.L1-1: No hints.
WE.2.L1-2: No hints.
WE.2.L1-3: No hints.
WE.2.L1-4: No hints.
WE.2.L1-5: Draw a vector operation to find the angle that go into the dot product.
WE.2.L1-6: No hints.
WE.2.L1-7: No hints.
WE.2.L1-8: No hints.

WE.2.L1-9: Think kinematics first: if two balls of different mass are dropped from rest, how are their speeds, before they hit the ground,
related?

WE.2.L1-10: We say "kinetic energy is one half m vee squared", but the v in kinetic energy is the speed.
WE.2.L1-11: No hints.
WE.2.L1-12: No hints.

WE.2.1L1-13: No if you push on a stationary box, does it necessarily move? What is the maximum force you can apply to a stationary box
just before it begins to slide?

WE.2.L1-14: No hints.

WE.2.L1-15: Start with work - kinetic energy equation. Look for quantities that are the same.
WE.2.L1-16: Can you use forces and kinematics to determine which puck travels further?
WE.2.L1-17: Construct a work - kinetic energy equation.

WE.2.1L1-18: No hints.

WE.2.L1-19: What is the significance of the negative area? Can work be negative?

WE.2.L1-20: Look at the axis carefully.
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