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1. A few words on Mock exam 1
2. Power
3. Energy and work

 Potential energy

 Conservation of mechanical energy
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e Atotal of 138 mock exams were graded

* Average score of graded exams: 7.6/20



Mock exam takeaways

e Atotal of 138 mock exams were graded
* Average score of graded exams: 7.6/20

* The exam was long. Better reference: 7.6/14
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e Common pitfall 1: Not describing your answer with enough
level of detail to show that you understand what you are
doing.

 Physics is not about just showing some formulas
* You will miss possible partial credit

 As an example of what you could do, check the
solutions on the Moodle.
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e Common pitfall 1: Not describing your answer with enough
level of detail to show that you understand what you are
doing.

 Physics is not about just showing some formulas
* You will miss possible partial credit

 As an example of what you could do, check the
solutions on the Moodle. However,

e Common pitfall 2: Writing too much!

 Writing too many details makes you spend time
unnecessarily



Mock exam takeaways

e Common pitfall 3: Lingering on a question and not moving
on.

 Part (b) was not needed in later parts

 Part (e) was actually quite simple
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From last week — kinetic energy and work - s.wm

e Kinetic energy is K = mv?/2
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e Kinetic energy is K = mv?/2
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e Work done by a constant forceis W= F - £ = F£ cosf
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From last week — kinetic energy and work = S,
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e Work done by a constant forceis W= F - £ = F£ cosf

 \WWork done by a variable force Falong a trajectory C'is

W=J F.df
C
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From last week — kinetic energy and work = ;.

e Kinetic energy is K = mv?/2

— —>

e Work done by a constant forceis W= F - £ = F£ cosf

 \WWork done by a variable force Falong a trajectory C'is

W=J F.df
C

e Work-kinetic energy theorem: The total (net) work done
on a system equals the change In its kinetic energy

W .= AK
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I-PI-L
From last week — kinetic energy and work = ;.

e Kinetic energy is K = mv?/2

— —>

e Work done by a constant forceis W= F - £ = F£ cosf

 \WWork done by a variable force Falong a trajectory C'is

W=J F.df
C

e Work-kinetic energy theorem: The total (net) work done
on a system equals the change In its kinetic energy

W .= AK
e Units of work and energy are Joules (J)
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Power from work

e Power is defined as the rate at which work is done
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Power from work

e Power is defined as the rate at which work is done

 Average power is P = VS where AW is the amount of
[
work done during a time interval At
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e Power is defined as the rate at which work is done

 Average power is P = VS where AW is the amount of
[
work done during a time interval At
AW  dW

 Instantaneous poweris P = lIim = —
At—0 At dt

e Has units of Watts (W) = Joules per second = [kg-m2/s3]
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Power from work e

e Power is defined as the rate at which work is done

 Average power is P = VS where AW is the amount of
[
work done during a time interval At
AW  dW

 Instantaneous poweris P = lIim = —
At—0 At dt

e Has units of Watts (W) = Joules per second = [kg-m2/s3]

* Using the work-kinetic energy theorem, power is also the
amount of energy transferred or converted per unit time
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e Power is defined as the rate at which work is done

 Average power is P = VS where AW is the amount of
[
work done during a time interval At
AW  dW

 Instantaneous poweris P = lIim = —
At—0 At dt

e Has units of Watts (W) = Joules per second = [kg-m2/s3]

* Using the work-kinetic energy theorem, power is also the
amount of energy transferred or converted per unit time

* Humans operate at roughly 100 W

18



Power from force e

 For a constant force, power can be written as

AW  d /— —\ — df — dF
_ _ (F.,g) | _

—F.-—=F-%

= — = — - F . ——
dt dt dt
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Power from force "
 For a constant force, power can be wrltten as
dW d - — — df — dr = _
P=—=—(F-f)=F ¢ _FE_Fs
dt dt

dt dt

e \What about a variable force?

20
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A particle starts from rest at x = 0 and moves to x = L while

experiencing the variable force F(x) shown in the figure.

What is the particle's kinetic energy at x = L/2 and at x r L?
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A sports car accelerates from ~zero to 30 km/h in 1 1.5s. How
long does it take for it to accelerate from zero to 60 km/h,
assuming the power of the engine to be independent of
velocity and neglecting friction?

A 2s W = AK < K;K/-—-mvp
B. 35 O{Cm%jd" power

A\J
C.45s P - A{.(iM\/p)
@ 0S
E. Os

) 2
- For 0 fo 304 P:ﬁ(—;wgo)

/

= A“'Z; 4A+1 =65 22
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1. Afew words on Mock exam 1
2. Power
3. Energy and work

* Potential energy

 Conservation of mechanical energy
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From last week — conservative forces = .

e Aforce is called conservative if a/\g—\

The work done by the force on — ‘b
a particle moving between any two points C\2¥/
IS Independent of the path taken by the particle.
or equivalently

The net work done by the force on
a particle moving around any closed path is zero.
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From last week — conservative forces

e A force is called conservative if a(\glj

|
The work done by the force on \—\\ 2b
a particle moving between any two points ~ C; ~—~
IS Independent of the path taken by the particle.

or equivalently

The net work done by the force on
a particle moving around any closed path is zero.

e Otherwise, the force is non-conservative

* Work-kinetic energy theorem applies to both

25
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Conservative and nonconservative forces = .

e Conservative examples:

 Work by gravity only depends
on Ay and work by springs
only depends on Ax
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e Conservative examples:

 Work by gravity only depends
on Ay and work by springs
only depends on Ax

* Nonconservative example:

 \When friction is present, the work done depends not
only on the starting and ending points, but also on the

path taken
* The longer path has ) .
. . . — P —_ T
more dissipation ol e N
7 B
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e Conservative examples: Conservative = Nonconservative
Force forces
e Work by gravity only depends °ravtatonal - Friction
A d k b _ Elastic (spring) Air resistance (drag)
on y ana wor y Springs Electric Tension in rope
only depends on Ax Motor or rocket
propulsion
* Nonconservative example: Pushp%rrgg:]' by a

 \When friction is present, the work done depends not
only on the starting and ending points, but also on the

path taken
* The longer path has ; ;
. . . — P —_ T
more dissipation ol e N
7 ™
a T RR b



Potential energy

e Definition of potential energy:

The change in potential energy is the
energy "stored" by an object as the result of work
done by a conservative force.
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Potential energy o

e Definition of potential energy:

The change in potential energy is the
energy "stored" by an object as the result of work
done by a conservative force.

e The change in potential energy between points a and b is

b
AU=Ub—Ua=—W=—[ F-df

30
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e Definition of potential energy:

The change in potential energy is the
energy "stored" by an object as the result of work
done by a conservative force.

e The change in potential energy between points a and b is

b
AU=Ub—Ua=—W=—[ F-df

 Thus, there Is gravitational potential energy and spring
potential energy, but not friction potential energy

 The motivation for this definition is so that energy is
conserved (as we will see)
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Gravitational potential energy

b
AU=—W=—J F-df
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Gravitational potential energy o

b
AU=—W=—J F.df

e When a ball is thrown upwards, gravity
initially does negative work, meaning
the kinetic energy decreases and the
potential energy increases
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Gravitational potential energy o

b
AU=—W=—J F-df

e When a ball is thrown upwards, gravity
initially does negative work, meaning
the kinetic energy decreases and the
potential energy increases

e Kinetic energy decreases until ball
reaches peak, where it is minimal
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Gravitational potential energy o

b
AU=—W=—J F-df

e When a ball is thrown upwards, gravity
initially does negative work, meaning
the kinetic energy decreases and the
potential energy increases

e Kinetic energy decreases until ball
reaches peak, where it is minimal

 Then gravity does positive work,
meaning the kinetic energy increases 7
and the potential energy decreases
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Gravitational potential energy o

b
AU=—W=—J F-df

e When a ball is thrown upwards, gravity
initially does negative work, meaning
the kinetic energy decreases and the
potential energy increases

e Kinetic energy decreases until ball
reaches peak, where it is minimal

 Then gravity does positive work,
meaning the kinetic energy increases 7
and the potential energy decreases

 \When the ball returns to its initial height, it will have the

same kinetic energy as when it was thrown
36



=Pir-L
Calculating gravitational potential energy = .

37



=Pr-L
Force and potential energy o

b
AUzUb—Ua:—J F-dt

e Given the potential energy, how do we find the force?

38



Force and potential energy o

b
AUzUb—Uaz—J F-df

e Given the potential energy, how do we find the force?

 |[n 1D, it is straightforward — just take the derivative

Fof” Csﬁdﬂ)‘o[é d‘oflj >r3 _];-.: ]—;9 ﬂ‘—";o{y = EI{‘ F;aly

A= UG)-Ulpe) = -SER =) £ dy POl ity
00) - UQre)] = -1 ,4030)3 e
;l\y’. ()’) - )’(‘eF) = Jf[ijf T;, al}f] J(—;q = M3
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Force and potential energy

b
AUzUb—Ua:—j F-dt

e Given the potential energy, how do we find the force?

e |In 3D, we must use the gradientv

— — oUu oU oU
F=-VU=—-|x FYy— + 22—
0X oy 07
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Potential energy diagrams
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A potential energy diagram is just a
plot of potential energy versus position

41



Potential energy diagrams "
A potential energy diagram is just a _
plot of potential energy versus position A
A c VAAA|
 Draw the potential energy diagram for —> 3
a Spring Unstretched |

r

I

—_—

L =K(@-R) -'PK(XQ kXX
2174: YA > F -dl=kx(ER)d=-kx A

AUS*“ = "5 Fs ﬂ = f\Y*K)(cJ.b( Kg )(0!)( SOSHESS.
": 2
ST e B8 < 06 0,60
U5<><>" %0424‘@
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Potential energy diagrams

A potential energy diagram is just a U s(x)
plot of potential energy versus position

 Draw the potential energy diagram for
a spring

Potential energy
diagram for a spring

43



Potential energy diagrams = gues

Plasma
nte

A potential energy diagram is just a U s(x)
plot of potential energy versus position

 Draw the potential energy diagram for
a spring

Potential energy
diagram for a spring

= _ _dd
s -7 IX
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Potential energy diagrams

A potential energy diagram is just a U s(x)
plot of potential energy versus position

 Draw the potential energy diagram for
a spring

Potential energy
diagram for a spring
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U(x) - Feo = F=0
X

X Xo Xz Xg X5Xg Xy

X

Potential energy diagram for a
particle moving under the influence
of a conservative force
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U) Fe- 4

e Equilibrium points:

Points for which F' =0 ﬁm
| —
dU | |
> — =0 | | |
dx | | |
I I I
I I I
I I I I I
o Equilibrium is stable if: | T I S L x
JF 29 X Ao A3 A4 AsXg A7
< 0 & ;{—->O Potential energy diagram for a
particle moving under the influence
i[ %\‘] 42&) of a conservative force
o Equilibrium is unstable If: dF =0 & j}(g =0
aF o s R Neattally stable
>0 2 < ) sl
dx a? Q
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Conceptual question esponsewareeu  ® S,

Session ID: epflphys101en center

An apple at height £ falls from a tree. What is the potential
energy diagram U(y) for this situation? R
Y

- gl 1

N
T - :0'

0 h 7 0o h 7 0 h

®
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Session ID: epflphys101en center

The figure below shows the potential energy diagram for a
particle executing one dimensional motion between points

11 N 13 b

a and “e”.

At which point will the magnitude of the force be the largest?

® 2 O e B GHE

B. b

C.c

D. d

E.e | \a __________________________ e/ N

49
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The figure below shows the potential energy diagram for a
particle executing one dimensional motion between points

11 ” 11 7

a and “e’.

At how many of the points will the force be zero?

A. 0 V) P

B. 1 ' x

C. 2 |

0 3

E4 | *ae __________________

50
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1. A few words on Mock exam 1

2. Power
3. Energy and work

 Potential energy

e Conservation of mechanical energy
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 Energy is conserved! Always.

The total energy is neither increased
nor decreased in any process.
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 Energy is conserved! Always.

The total energy is neither increased
nor decreased in any process.

 Energy can be transformed from one form to another, and
transferred from one object to another, but the total
amount remains constant

53
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 Energy is conserved! Always.

The total energy is neither increased
nor decreased in any process.

 Energy can be transformed from one form to another, and
transferred from one object to another, but the total
amount remains constant

* \WWhenever it seems that energy is
disappearing, we always find that
it is actually just hiding in a
different form

* No known exceptions




Energy has many different forms

e Mechanical
e Kinetic
e Translational

95



Energy has many different forms
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e Mechanical
e Kinetic
 Translational
 Rotational
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Energy has many different forms

e Mechanical
e Kinetic
 Translational
 Rotational
e Potential
e Gravitational
e Elastic (spring)

S7



Energy has many different forms
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Mechanical
e Kinetic
 Translational
 Rotational
 Potential
e Gravitational
e Elastic (spring)
Thermal
Chemical
Nuclear
Electrical
Light (electromagnetic)
and more!

58



Energy has many different forms o

e Mechanical
o Kinetic Thermal
. Kinetic <
e Translational
e Rotational O S——
e Potential = - ~K ol
o Gravitational & 2 LMLy S & o
TS w7 RS 5
* Elastic (spring)
e Thermal
e Chemical
e Nuclear
e Electrical
e Light (electromagnetic)
e and more!
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Conservation of energy
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Conservation of mechanical energy

e Mechanical energy refers to the energy of an object’s
motion (i.e. kinetic) and the energy that is "stored" in an
object by its position (i.e. potential)

E,=K+U

61
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Conservation of mechanical energy
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e Mechanical energy refers to the energy of an object’s
motion (i.e. kinetic) and the energy that is "stored" in an
object by its position (i.e. potential)

E =K+U

e |f all forces doing work on a system are conservative, then
its mechanical energy is conserved
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Conservation of mechanical energy

e Mechanical energy refers to the energy of an object’s
motion (i.e. kinetic) and the energy that is "stored" in an

object by its position (i.e. potential)
E =K+U

e |f all forces doing work on a system are conservative, then
its mechanical energy is conserved

e Can be proved from the work-kinetic energy theorem
applied to conservative forces
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Conservation of mechanical energy o

AK = \‘\/\nd’ - V\/cons £ Wy

= - AU J’N\/mn

\A/cons =~AU

EM{' E, W

2 Vpoo = AKHAU = (K-Ki)+ (Up=01) = (60 -6 70

=

%m: EMF"’EM"‘ AE/V)

I fhef@ ol o Non-conseiative
Focaes alor'r)j WO then W, =0

= | Ak, =0
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An object starts from rest and slides down a frictionless hill

without air drag. Which path leads to the highest speed at
the finish?

y | istart
A. 1 % :
B. 2 Moh = Ui 2 - finish
C. 3 3 qj 1{ S
AII are the same. o '\)fro
\3 !
X

Ent "Eg
Kp+ U = K/J—(),‘ > Loyt om h
% \ 2 /2?”)

> W= 65
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The figure below shows the potential energy diagram for a
particle executing one dimensional motion between points
“a’ and “e". The total mechanical energy of the system is
indicated by the dashed line.

At which point will the kinetic energy be the largest?

U(x)

A. a l
B. b Ep= KU
0 o =
D. d
E. e \a e

------- TR et b RS O

. e v — X
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Power is rate at which work is done (or energy is transferred/
converted)

The potential energy, which is only associated with conservative
forces, is given by

AU=-W, eg. U,=mgy and U= kx?/2
Force related to the derivative (or gradient) of the potential

Total energy, considering all forms, is always conserved

Total mechanical energy is the sum of kinetic energy and
potential energy

If all forces doing work are conservative, then mechanical
energy is conserved
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See you tomorrow for cliff jumping
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