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Energy
Energy is a measure of the ability to do work. A Energy = 0 in a closed system.

Types of Energy
1. Gravitational Potential Energy (PE) - measure of the ability to do work due to an object’s
position relative to a gravitational source. Unit = Joules (J)

GPE = mgh

e m = mass of object, kg
e g-= acc. due to gravity, 9.8 m/s?
¢ h = height of object above the reference point, m

T Sl < RN,

2. Kinetic Energy (KE) - measure of the ability of a moving object to do work, because of its
mass and speed,

KE = £ mv?

e m = mass of object, kg
e v =speedof object, m/s
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3. Elastic Potential Energy (EPE) - the energy stored in elastic materials as a result of
stretching or compressing.

EPE = 3 kx?

e K= spring constant N/m
e X = amount of compression m

Initial State Final State

Work-Energy Theorem - states that work <> energy (interchangeable), so the amount of work
done equals the overall change in energy level

Work = A Energy ’ Wor'k = AGPE = GPEf - GPE|

Work = AKE = 3 m(v¢® - vi)

Work = AEPE = % k(x¢ - x2)

/

Note: When applying theorem, only the initial and final conditions of the system are important (A),
not what happens in between,
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Samples:
1. A 15-kg rock is on the edge of a 120 m cliff. What potential energy does the rock possess
relative to the base of the cliff?

[7CF = ~5h
:{;5{%?)@70} = 17,6903

2. What is the kinetic energy of a rock of mass 12 kg sliding across the ice at 2.0 m/s?
— \ A
KE =% my
- A ) - Z
=YY= 27 3

3. How much work must be done to accelerate an 800 kg car from 15 m/s to 30 m/s?

-ANlE
v ANV A4 ¢oo(35-15%) = 270,000
z

4. A hoist is used to raise a 40 kg block of ice from a platform 8 m above the ground, to a
platform 20 m above the ground. For the block of ice:
A. What is the initial potential energy? (3136 J)

(APE= mah
= @oYa ) %) =136
B. What is the final potential energy? (7840 J)
(PE = ™5 h
~@o)Gs)z) = 77T
C. What is the change in potential energy? (4704 J)
NPt = Ffz ~ PE;

| T 7YY - DL = Y70t/
D. How much work does the hoist do as the block is raised to the higher platform?

W=NDPE = 4704 ¥
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5. A horizontal spring with k = 100 N/m is compressed by 10 cm by a 100 g mass.
a. How much elastic potential energy does the compressed spring store?

EPE = U lex™
= pGedl) = P

b. How much elastic potential energy would the compressed spring store if it were
compressed the same distance by a 300 g mass?

I ¢ WDO)/// Le the Seme. Mess ;s /Nt /Qé/vL

Pm—
o+ +he _{é__”:i{”:—‘,

Section 5-3: Conservation of Energy

Recall: 3 types of mechanical energy previously studied

Gravitational Potential Energy (PE) - measure of the ability to do work due to an object's
position relative to a gravitational source.

GPE = mgh

Kinetic Energy (KE) - measure of the ability of a moving object to do work, because of its
mass and speed.

KE = £ mv®

Elastic Potential Energy (EPE) - the energy stored in elastic materials as a result of
stretching or compressing.

EPE = $ kx?
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Law of Conservation of Energy - Energy cannot be created or destroyed. It can be transferred
from one form to another, but the total amount of energy never changes.

Kingtic Energy: 0
Potential Energy: 100

,ﬂ’ KE: 50
™ PE: 50 KE: 75
ﬁ/ \b\ PE: 25

KE: 100
J L, PE: O i

ki

In the absence of friction, mechanical energy (sum of GPE, KE & EPE) is also conserved.

MEi = ME¢
OR
GPE; + KE; + EPE; = GPE; + KE¢+ EPE¢

Sample #1: Gravitation System (Rock falls from rest.)
a. Label the top and bottom with PE and KE as maximum or zero values.
b. Find the speed as the rock hits the base of the cliff.
c. Can you work part b) using kinematics?
d. Find the speed at a height of 20 m instead.

@) (PE; v = PEp + KE, f(b) PER Yt = mgnpyarz  [E M14X

ILE O

s gt =z t b | g b gy i —
V(Sh ro = o +\/Z,')‘\"L 3)« :-5)'\ z""/z\)l
Senu (a0 eyt

(4.5Yize) =y Vp* 176 =19 v VE 50,
\\‘I.T(lzo‘), =V M:\/ Om
S
7?‘5“/; ';\//— L/L/,Z.'].../s:\/
(9 U#l :U"Z + Lj‘lj

|
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Sample #2

A person is getting ready to drop a ball from the top of a building shown below. Fill in the potential energy
and kinetic energy at each place indicated as the ball falls to the ground. Round the acceleration of gravity
(9.81 m/s?) to the closest whole number for easier calculations. (Hint: Find the mass of the ball with the

given information.)
GPE = mgh — 7 |100m PE= 10J_ KE= 0J
h=100m : Y
_100m (L L _ . L =ColX 997D
izlgms — —|sm PE=_1.35 KE=24S ™9 / L. e%
. , 1322
— — | 50m PE=TLT KE=S.l msh = (0l f3.9)(50)
B PE=2:5 KE=1.£$ = H93
é-'?f - méh — — |xm Tek! - -t ) Mj’\:.(.b‘))[ﬁ?)(_ls)
1o =) (|| PE- O KE-!0 3 22453
— 1 Om
/e = m
Ca.5)100)
700(/&3 = M
—_—

Sample #3: Pendulum (mass = 0.50 kg)

Label where PE and KE are maximum and zero values.
What is the potential energy at position A?

What is the maximum speed of the pendulum?

What is the potential energy at C?

. What is the speed at position B?

(B GPE = mgn Pr~ o
=(5 X6 & Po Heisht
= 0Lz223 @FE+1LE=PE+-ILE

@ ?f-n‘-’éf - PE FlLE gh Fp = .,£5L+\£,Mv"-
m5|a ro =° r‘/7mul- 51’\ “’5"‘ ""/ZUZ'

®capoe

.25)

9_‘51" Yy vt (4. '()(,,26‘) =(4. 72/.15_) ""\é
gh= Ve 2,45 = /.c/74A,L\!"-
G.¥)25)=V |
3
7.2t 7

m/s

Z-"/S "/'L/7 -

FE mex Jkt—’.—.o z+ Poy
o

A
4
VZ.

vV

5
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Sample #4: Roller Coaster (Coaster starts from rest at A.)

The mass of the small car (including contents) is 400 kg and the height of point is 20

meters above point C. Points B and D are at the same height and are 10 meters above
point C.

a. What potential energy does the car have at A?
b. If the car starts at point A, what velocity will it have at C?
c. If the car starts at point A, what velocity will it have at D?

@ TE=msg h A
=G D‘)Yé. YXZ(A o
= —7?‘) ‘/U() J" D
C
© CE = PE +lke _
s = O L, B
51‘ _’\/ZUI 7 I)‘{o)'\*' O :"5"‘4"/1%')}‘
(4. ‘fkm,) = \/Z\n (95X z0) =(4 Y)(/u) kY, 2
9t = 9 vz
{ @G, v )2) =\ (76 Y +Lv
£ v Iqé -9, -
(G:¥ny = /5
-1 ' »\/
/c/m/5 -
-
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Sample #5

What is the total mechanical energy of the ball?
Mg = PF + KE
= msh - ), mV ¢

“zsYa)H) o = 5o I

What is the potential energy of the ball at position #2?

PE = mgh |
2(25Y5.7)3) = 735 3

How fast is the ball moving at position #2?

2
Pe + ke = PE +KE 70 ~735 = (ZSV
mgh Fo = msh k pmvE 245 = (2,5V?
2
@A) o =@XIND LR T g,
770 to £ 735 + lzsvr (2.5 — %5
What is the PE at position #3?
PrE =
Ao }/\1/‘5/1 +
What is the height at position #4?
PE ke = PE+KE 96 -U/50 = 295 1
I}"jl’\ + o0 = Mgk + '%ml)" 7 530 =2/5 K
%0 Fo =@EsYaDk +‘/z(25)fé?> | 53%4/5 =k
= h 7 -
@50 24d5h ¥ 455 2 )om ° L
R
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Sample #5

A 2 kg ball is dropped onto a vertical spring with a k = 1000 N/m. From what height did the ball drop
if the spring was compressed by 25 cm?

(APE + KE + FPE = [—PE +LE + EPE
man + o0 4+ o0 = ¢ + 0 +}£|¢Xz-

(Z)[G,Y>&L\> = '/Z(lvo o)L. 251)

h = Ylree o) 257
z)G ¥

=/ bm

Sample #6

A horizontal spring is used to launch a 2 kg ball. The spring is compressed by .25 m and the k = 1000
N/m. What is the maximum speed of the ball? .

LPE+ KLE + EPE = (PE +KE LEF
o to + Lhkxr = ot ro

J 7 o~ 2
/Z’LX = ), mV

(Bl 25" ) 2V

\_ﬁﬁpoj)(,lfzi; Vv = S, bm/

% (27

10
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WORK AND POWER

Work (W) is done when a force causes_displacement of an object. Thus the object must MOVE!

W =Fd cos O

Note: If F and d are in the same direction, what is 8? ZERO
In this case W = Fd cos ® = Fd (Cos O = 1)

F = force acting on object (N)

d = displacement of object (m)

O = angle between direction of force and direction of displacement (°)
Units for work = 1 J= 1 Nm

Work is a SCALAR quantity.
Work is done only when components of a force are PARALLEL to a displacement.
o They must be in the same direction *********

Work is NOT done every time a force is applied.
Is work being done when the box is lifted? Yes
Is work being done when the box is held? No

Is there work is the box was being carried? No

11
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But L did expend |
nergy applying
a forge!

Which situation causes more work to be done?

Lifting a 1 kg box up 1 flight of stairs or lifting a 1 kg box up 2 flights of stairs?

7 F/;\S)'\'l-_g o steire
XP TKL)/'HMf 41‘5#”‘/—(.

Lifting a 2 kg box up 1 flight of stairs or lifting a 1 kg box up 1 flight of stairs?

Z kg BoX
- 215 PHEEN 9 /z;»LF F-ﬂfcﬁ__

12
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Samples:

1. Bud, a very large man of mass 130 kg, stands on a pogo stick. How much work is done as Bud
compresses the spring of the pogo stick 0.50 m? (637 J)

= Fd wro Angle | roX e 5D = 637 T

= U)C/ ¥ l/()(.‘gh»/"i.s -fl\/ Folte
2. A 100. kg object is moved a distance of 20. m with a force of 40. N at an angle of 30.° above

the horizontal. How much work is done? (693 J)

W= Fo! cas &
= @/o)(lo) (OS 350

- 693

100. kg

Power is the rate at which work gets done, OR amount of work that is done per unit of time.

P=W . W =work, J -
At o At = time interval, s

Starting with the equation above, derive another equation for power (P) in terms of velocity:

P=W Rearrange P =Fd cos© Rearrange | P=Fd thusP=FV

At At t

Note that
O power is scalar (no direction)
O units for power are watts (W); 1W=1J/s
O for electricity, power expressed in kilowatts (kW); 1 kW = 1000 W
O for engines, power expressed in horsepower (HP); 1 HP = 746 W

13
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Samples:
1. A 65 kg student travels from the 1st floor to the 4™ floor of a school (total height of 15 m).
a. What total work did she do climbing the stairs? (9555 J)

Lo = Fc// (65>CC7'- ﬁ/SJ

- W
—,m5c/ - 6§55y

b. How long would this trip last if the student produced 480 W of power? (20. s)
A= FESE

P="7 7

$55 - \
y}D = 9 g - ZO Secc
2. How much power does a crane develop, doing 60,000 J of work in 5.00 min? (200 W)

bo,ps O Smn) bo's

- Soo
D> Se
3. How long does it take a 2.5 kW electric motor to do 75,000 J of work? (30. s)

Z.5kwllrow | Sspp L0
[ lesw) !

+
/uyo
Z/ﬁéc)

14
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Work, Power, Energy: In-Class Practice
1. A plane moves down a runway for take-off after starting from rest. The mass of the jet is

0.2 X 10°kg. If the jet's engines do 2.55 X 10*J of work to speed it up for take-off, what is
the takeoff speed (final velocity)? (15.97 m/s)

W:AME ZSS)(/O U/
o 1Ly & . 7
2.55Xr0 —,/Z_M[lj/ vV, .) (é)é‘z)(/oz?)
2:85xp! =Y, [.meax& Zfo">

| 5
\]z.ssxm 2V 215,69,
Czy.zx/"s)

————

=,
2. A father (100 kg) and his son (50 kg) are jogging at the same speed. Which statement is true

about the kinetic energy of the father and his son?

’Efa‘rher - ZKEson B) KEfq’rher = % KEson C) KEfa‘rher‘ - 4KEson D) KEquher -3 KEson
vE Tk (> 1 VA

L o, > 50 R Y

| ( )2

'/2000)/1) ' /Z. 650) l

3. A pendulum, of mass 4.00 kg, is pulled from its equilibrium position, and then released. If the
pendulum has a velocity of 3.5 m/s as it passes through the equilibrium position, find the
height, h. (.625 m)

PE +LE = PE+KE

P
=(l)()
msh o :b"z:*"L 7.
ish = Y 'K”L J - b2zs™
sh vt

/——-_

G5)A = L (35 ?)

4. A 55 kg child is at the top of the giant waterslide at the Schlitterbahn in New Braunfels. The

height of the water slide is 40 m above the ground. If the child starts from rest and slides
all the way to the ground, what is his/her velocity at the bottom of the slide?
PE+ ILE = Pe +ke

, it "/a) =

msh +2 = 04 Y, mvt C X
Wsh = Y vt (9. ) 40)
sh= gVt

=V

=V
. Z Ty,
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5. A man pulls his son across a frictionless floor with a constant force of 53 N. What work does
the man do pulling him 159 m across the floor? (8427 J)

w= Fdcos (53)Ci59)
= Fd = §dz7 T

6. The spring in a dart gun has a spring constant of 20 N/m. The spring is compressed .08 m
from its equilibrium position and is used to launch a .01 kg plastic dart. What is the speed of

the dart as it leaves the gun? OX o%l> v ,
FPe the = EPEF e ¢ ' - U
Lo/

‘/Zléx" Fro = o + vt

Y lext= Y oy 2 “Jﬁlol.o\j>: U

(PSS =g CodXo)! L

Py
A

7. A city's water tower has a capacity of 1000 kg of water. A pump is filling the water tower to
an average height of 50 m. How much work is done by the pump to fill the 1000 kg tower?

W =APE
=wrghp ~mshy

- C/vvoy‘i. '6X59> - O

= 490,000 3

16
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8. A race car driver slams on his brakes. The mass of the car is 3,500 kg. He is able to slow his

car from 51.8 m/s to 3.97 m/s. What is the magnitude of the work done by the car's brakes
to slow the car down? (-4668088.43 J)

L = AKE
= m/v//z’ U;z\

- ‘/Z(SS'W)/K&?VZ ~-</. ?") =Y LT X"

9. A 2.0 kg ball rolls off a 3.0 m high table traveling at 1 m/s. If it lands directly on top of an
un-stretched spring with a k = 40 N/m, how far does the spring compress?
[APE+KE v+ EPE = t-PE } ILE + EPE

Woho bt hmt + 0 = 0 to 4+ YLkx®
@ X459 )3) +‘/?[-¢)Q‘) fo = 0 +o t ‘/ZC‘/'))XL
5% ¢ ¥+ = Zox?

$1.7 - 72ox ®

SN /np = X = [ 7m0
10. A .70 kg ball is placed on a vertical 200 N/m spring that is compressed 40 cm. When the
spring is released, how high above its starting point will the ball go?
(1PE + KE + EPE = (-PE +ULE +EPE
O +o© + Lkt =msh to + o
€
y (me)(h) =G )5 %)k
b - 6:%6

sHom = Goem

/é/&% ~ L =.7.23 m

~d
11. A worker lifts a box from the #n'ra‘shelf to the top shelf. The top shelf is 15 m above the
second shelf. The clerk does 589 J of work lifting the box. What is the weight of the box?
(39.27 N)

W;Z)?E 559 ::lSmS
w = mslﬂ;-r\/\ﬁ'h; 5?% ';-Mj
5TG = ma(ni=hi) ¢4
5355 - m_sﬁ”’”) 5 /{5 —1) = 36?,97/\/

17
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12. A ball is released from the top of an Incline plane as shown below. Ignoring friction, where will
GPE and KE of the ball be at a maximum?

PE at K, KE at L

@ PE at J, KE at M
B
C PEatL KEatK
D

PE at M, KE at J

13. A crate is pushed with a velocity of 3 m/s horizontally. The net force used is 30 N. What is
the power used to move the crate at that velocity? (90 W)

7o FV
= C’D OY?))

= 90 L0

14. A .6 kg arrow is shot straight up in the air with a velocity of 8 m/s. What is the height of
the arrow? (3.27 m)

PE LtE = PE +ULE Z(f 2) L
O + Ypvt= sht O "777 -
A zgh

- L
,/Z“Z):?'?L\ 35:27m

15. A car with a mass of 250 kg starts at rest and accelerates to a speed of 60 m/s. What is
the car's initial KE? ( 0 m/s)

Vest zom/y Mo lE
16. What is the car's Final KE? (450,000 J)
- -\ 2
Ke~ )y my

v (250 LY = 45x6° 3

1
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17. A woman runs up a hill that is 67 m high. Her mass is 15 kg. What is her change in PE? (9849
7 ADNPE = mjL»l - mch;
205 )67 —(sX%)(0)
- 9%94 3

18. A man pushes a cart with an angle of 45 degrees above the floor with a force of 350N. The
man does 13,000 J of work. How far does the cart go? (52.53 m)

W ~ FA Cos &
(3,000 :(35'DXC/)[(06 ‘/5)

3,00 -d =52,53m
(350)([0_375)

19. A 2.0 kg ball rolls off a 3.0 m high table traveling at 1 m/s. If it lands directly on top of an
un-stretched spring with a k = 40 N/m, how far does the spring compress?

(APE LILE F EPE = GeE + NG+ EPE \] 59,V X
- — e

msh + k' F o = 0 4+ o +Ykx® 2o
eYaD)(=) + R(N1") = J (o) X* . 7m =X

5% + | = 20¥*®

20. A .70 kg ball is placed on a vertical 200 N/m spring that is compressed 40 cm. When the
spring is released, how high above its starting point will the ball go?

(PE + KE + EPE = GPE + KE + EPE /L/ L
O fo 4k = mgh + 0 + O Y
’/ZI‘XZ: msh Z.335 M -~ kK
yzCZ"”X:‘/D)Z ~C 70)( a 5‘) L | —
‘ /[t = b SEW

19




Name: Date: Period:

Momentum and Impulse
Linear Momentum (p)

» defined as the product of an object's mass and velocity

p = mv momentum = mass x velocity

» vector quantity (same direction as velocity)
e unitsare kg m/s or Ns

Momentum is a commonly used term in sports. A team that has the momentum is on the move and is
going to take some effort to stop.

Momentum is a physics term; it refers to the quantity of motion that an object has. A sports team
which is "on the move" has the momentum. If an object is in motion (on the move) then it has
momentum.

Examples:
a) different objects moving at same velocity - Which has more momentum?

> small football player vs. a targe football playe more mMmess

> small car vs. a@ Pore rmaess

b) two objects with the same mass moving at different velocities -

> two football players with the same mass traveling at different velocities
Fesder vne :

> Tennis ball served by Pete Sampras or by Coach Richardson
Pete Sarmpres | 50 try (osc h

> identical vehicles traveling at different velocities

Feslor one

So.. what factors are important for determining the momentum of an object?

Both mass and velocity are important factors when considering the force needed to change
The motion of an object.

20
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Problems: }{6 ‘ "/5 - __/1/_5

Determine the momentum of a ...
1. 60-kg halfback moving eastward at 9 m/s.

}D—;M\/ (é0>(gc)> : $Yp O s
2. 1000-kg car moving northward at 20 m/s.

Pc mV (/ODO)KZDB - 70,000 NS

3. 40-kg freshman moving southward at 2 m/s.

Pf,nm) &7 '&) = "FoAs

A car possesses 20 000 Kg m/s of momentum. What would be the car's new momentum if ...
A. its velocity were doubled.

P': m\V Zo,000 X 2 = 5, oo © )45-""/.5

_:(/)(zg= z

B. its velocity were Tripled.

{D*—»"’\lv 20,000 X3 ~ bo,ve0 /\/.S
=(1)(3) = 3

C. its mass were doubled (by adding more passengers and a greater load)
= mV o000 XZ = Yo, o0 M5

-z)1) =2

D. both its velocity were doubled and its mass were doubled.

(X =4 zZo,p0e X Y = (0,000 /\'/.5

21
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An object's momentum will change if its mass and/or velocity changes.
***Most common... a change in velocitylll What is a change in velocity called? Accelerationlll

A change in momentum is called Impulse - A p:

According to Newton's laws, a net force causes an object to accelerate, or change its velocity.

F=ma a= ViV, Substitute for acceleration: F =m(Vi-V))
A time A Time
F At = mVi - mV, or Np = F At or Ap = mVs - mV,

So what does this mean?
A 1000 kg car moving at 30 m/s (p = 30,000 kg m/s) can be stopped by 30,000 N of force
acting for 1.0 s (a crashl)

22




Name: Date: Period:

Examples: - How does time affect these events? - less time means more forcellll Not Goodl!!
a) Hitting a concrete wall or a haystack while inacar —¢cencre fe -1.s¢ £ime
b) Dropping a dish on tile or plush carpet - T:le |ros Tim
c) Bungee jumping = You stop S/0 W

F t = change in momentum . -Ft = change in momenturmn

Spreading impulse out over a longer time means that the force will be less; either way, the
change in momentum of the boxing glove, fist, and arm will be the same.

Observe that the greater the time over which the collision occurs, the smaller the force

acting upon the object. Thus, to minimize the effect of the force on an object involved in a
collision, the time must be increased; and to maximize the effect of the force on an object
involved in a collision, the time must be decreased.

23
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Problems : ‘
A 0.50-kg cart (#1) is pulled with a 1.0-N force for 1 sec; another 0.50 kg cart (#2) is pulled with a
2.0 N-force for 0.50 seconds.

A. Which cart (#1 or #2) has the greatest acceleration? Explain.

Cart #1: a=F/m = 1N/0.5kg= 2m/s

Cart #2: a=F/m = 2N/ 0.5 kg = 4 m/s°

B. Which cart (#1 or #2) has the greatest impulse? Explain.

Impulse
Cart #1 FAt = IN - 1s =1 N-s

Cart #2 FAt=2N - 05s=1N-s
Same impulse for both carts
C. Which cart (#1 or #2) has the greatest change in momentum? Explain.

Momentum is same for both carts
FAt =mAv =Ap =1 N-s

Which has a gr‘ea‘re a heavy fruck at rest or a rolling skateboard?

/-\
/ ruck
Which has greater momentum?

5kalebacr(‘/ - T+¢ s movi n <

What is the momentum of a 50 kg carton that slide at 4.0 m/s across an icy surface?
(2.0 x 10% kg'm/s)

P: m\/
=(so)H) = 20O =7 Z.0 X0 g 1y

24
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Name:

Rhonda, who has a mass of 60.0 kg, is riding at 25.0 m/s in her sports car when she must suddenly
slam on the brakes to avoid hitting a dog crossing the road. She strikes the air bag, which brings her
‘body to a stop in 0.400 s. What average force does the seat belt exert on her? (3750 N)

FALE =maAVv
() ~(bo)(z5-0)
- (¢ o)zs)
Y
- 3750 A

If Rhonda had hot been wearing her seat belt and not had an air bag, then the windshield would have
stopped her head in 0.001 s. What average force would the windshield have exerted on her?

(1,500,000 N)

/EAJC - mav

/‘:(,Dt)/_) {&2)(95'0)
— (o L75
~eofrs)

ool

=L sxr0of A
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Conservation of Momentum

Ap = 0 in a closed system.

MOMENTUM of the objects before collision = MOMENTUM of objects after collision

Before

After

Inmotimat the same speed

Formula:

MaVa ¥+ MbVb = MaVa + MbVb

Types of collisions:

+ Elastic: Collide and separate;
*  Momentum conserved
b MaVa + MbVh = MaVa + MV

+ KEconserved KE;= KE;
« Fmi+EmPzEmA+EmV

* Rarely occur - Usually at the atomic level

1. before collision after collision
. V=0m/s
v
B o
before cellision after collision
2. 7 Vi Va v’
®S @

befare collision uf‘rer collision

@ -

26
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+ Inelastic: Collide then separate deformed
«  Momentum conserved
*  MaVa + MbVb = MaVa + MbVb

« KEis not conserved
« EFmi+Emi=imi+Emi
In the Inelastic collisions some of the kinetic energy is converted into
1) internal energy of the objects when they deform.
2) Heat produced from friction
3) Sound

1. before col\lision
. j
a7 >

before collision

2. @ Vi 3

aftrer collision
.
after collision

EV':.

B

after collision

before collision

¢ Perfectly Inelastic: Collide and stick together, then move with common velocity.
o Momentum conserved
" MaVa + MbVh = (ma + mb)vf

o KE is not conserved
= Fmi+imfzEmi+EmV
In the Inelastic collisions some of the kinetic energy is converted into
1) internal energy of the objects when they deform. |
2) Heat produced from friction
3) Sound
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Problems:
1. ma=20kg,va=+3.0m/s and ms = 4.0 kg, vs = O find the velocity after the collision if both
masses are together after the collision. (va = v after the collision)

MAVEG + Me Ve = M43 Yinse
@)(SJ t+ o = (z *""/)VA% ﬁ//',(c-,l /\/
& = 6V T nefes foc
/‘m/j =V

2. ma=5.0g,va=+10m/sand mg=10g,ve= 0 after the collision, vas = - 1.0 m/s, find ves. Is KE

conserved in 1 or 2? CDND P"”/"ﬁéé’ _27«1/4’7zl‘c_
MaVgtMele =MpVp+meVe | oy KE- = Jed g
Qouj)C/DD to :’('005145 -{-[.ol)l/’zl
r0S = 7,005 + .o/r/#

005 -7 ,005 T .6//#

I S
'/Z(.oo.S_)(/oz‘_) o = yz(,oo_f)(—/_’) L '/z[.o}>Z5.5')

25 = .0| + 16128

s 0S +, 005 =.0/VL
25 = /eizs

55 ::.0./\/_L
U No + c‘é‘uo/ —_ No+' (c)n_spn/ygj/
’5%/ - -ﬁ- =~ SISmé -

——

3. A loaded railway car of mass 6000. kg is rolling to the right at 2.0 m/s when it collides and
couples with an empty freight car of mass 3000. kg, rolling to the left on the same track at 3.0
m/s. What is the speed and direction of the pair after the collision (they are stuck together)?

MaVp + Me Vp = Mae Ve
(é" & 0)( 2) t+ CBwa)[~3> = boco +3 ooo) l/#

[2,000 + ~9p00 =— 7000%
3600 = 000U/

3B —
o> = VL

= V_’L
. 53”\/ ‘ i N '
B pht [mngs,/w)
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4. A 100. g ball moving at a constant velocity of 200 cm/s strikes a 400. g ball that is at rest.
After the collision, the first ball rebounds straight back at 120 cm/s. Calculate the final
velocity of the second ball. (80.0 cm/s [forward]) DRAW A PICTURE!

m,,(uﬁ t m&’[}\B = MpVUy + MaVp
D F o = (1)Az) + (Y )Xur)

Py = ~./z + .YV,

-7 = 12 = . ‘—/l/ﬁ
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Name:
MOMENTUM PRACTICE PROBLEMS

When the force of impact on an object is extended in time, does the impulse increase or

decrease?
—_— p
A ncreese DF = Fo&

Does the impulse equal momentum, or change in momentum?

CAA%( i A N0 men v

For a constant force, suppose the duration of impact on an object is doubled. How much is the

impulse increased?
frn?l//é(/ = FAC € /s c/az/éz.a//

How much is the resulting change in momentum increased?

fé rS 6/50 Daué/ //

In a car crash, why is it advantageous for an occupant to extend the time dur‘ing which the

o Lime , The mote the Fore

collision takes place?

The longrc +h

(S (’(/ Crees 1//.
If the impact in a collision is extended by 4 times, how much does the force of impact change?

T ¢ o = % 57/ ‘// AP = F¢
.._'—- - F

Why is it advantageous for a boxer to “ride with the punch"? 7

7
By Trncrecsing +he Lime, T4 |essns the Forcy
1o im

Why should he avoid moving into an oncoming punch?
T he4 Wp«)/// Decrecse +he £ime hos 77,4 Cressing

the Force Lo Wi

Why is more impulse delivered during a collision when a rebound occurs than during one when it
doesn't?

T e re Lovnel .Co//;.sn‘m, Thelime vs //5 s, S

Theoge 5 more T mpllse.
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9. What is the momentum of an 8.00-kg bowling ball rolling at 2.00 m/s?
? - myVy
@)z) =/6 ks~

10. If the bowling ball in Problem #9 rolls into a pillow and stops in 0.50 s, calculate the average
force it exerts on the pillow.

= _ /6
Fa¢ =»7 =
Fc'.fo) = /6 — 3z 4/

What average force does the pillow exert on the ball?

3zN

11. What is the momentum of a 50.0-kg carton that slides at 4.00 m/s across an icy surface?

/o =m\y
:(50)0() = QO ks

12. The sliding carton in Problem #11 skids onto a rough surface and stops in 3.00 s. Calculate the
force of friction it encounters.

- - o
FAt = 6% Fls) =20
F = 2vc0 — '
Fot=zeo % = beTA
13. What impulse occurs when an average force of 10.0 N is exerted on a cart for 2.5 s?

AP = FAE

- C/o )CZ:5D

=~ 2s #5 . IY‘/5
What change in momentum does the cart undergo?

25 ks.m/,

14. If the mass of the cart in Problem #13 is 2.00 kg and the cart is initially at rest, calculate its
final speed.

FO+ = /h/t//“Vi) U/ =/2.5~/
/5
Go)lzs) = Zé\)/ - L)

95/2 = U/ o3
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Heat
e the sum of the kinetic energies of molecules and the latent energy (phase) OR simply said,
the energy that transfers from one object to another because of the temperature
differences between them.
e flows from an object at a higher temperature to an object at a lower temperature
¢ (without an exchange of work) is the spontaneous flow of thermal energy from one object to
another caused by a difference in temperature between the two objects.

e Q = heat energy in Joules
Q =mecAt e m = mass in kg
e ¢ = specific heat capacity in J/kg°C

e AT = temperature difference in °C

Temperature is the measure of an object's kinetic energy and

temperature measures how hot or how cold an object is with ] an3k 100°G 212°F
respect to a standard. boiling pt of water
273K o°C 32°F
Temperature Scales: reezing pt of water
o Celsius T(K) = T(°C) + 273.15
e Fahrenheit
e Kelvin (based on absolute zero) -273.15°C = 0K @ gh’; — -273.15°C 456,69 °F

Zeroth Law of Thermodynamics - Thermal Equilibrium

e If objects A and B are each in thermal equilibrium with object C, then
objects A and B are in equilibrium with each other.
e The O™ Law is the basis for the thermometer

Problems:
1. If you take a bite of hot pizza, the sauce may burn your mouth while the crust, at the same
temperature, will not. Explain. T he Szpce s marde of more ﬁ’, o

502‘{’1’\()((’/,5 ;11- hee+ /Uﬂjaf.

2. Campers in the winter sometimes heat up objects in the campfire to put in their sleeping bag at
night for warmth. Is it better to heat a 10 kg rock or a 10 kg jug of water to the same hot

temperature? Explain. ((Opde r — -+ /w///,s i+ Hoeet /”Y‘Jf’f'

3. After 2.0 kg of mercury gained 2.52 x 10* J of thermal energy, its final temperature was 130°C.
What was its initial temperature? Specific Heat of mercury is 1.4 x 10 J Kg °C

~ MCDHE _ .
(R L . pax = —ff'{"' é: (Bo-%pD
2:52 Xto / :CZ>C/"/)(/O \)A‘é 90 =~ 30 - é‘; = L/DoC
-’452.)(/0‘/ :0{_ - ?ooc_» ' t +90 - t3°

CXT dx0* 2
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Methods of Heat Transfer:

Heat atways transfers from
hat to cald. Heat does not
rise Chot atr rizes).

Heat
transfer

25°C

Insnlators stow down heat
transfer. Matertals with air

Conductirs easily allow

heat transfer. Most metals

pockets are good insulators. are good conductors.
25°C g | sc 25°C [um & | 5°C
> -
slow transfer fast transfer

Thermal energy (heat) is transferred in three ways: Conduction; Convection; Radiation.

Conduction

25°C | 5°C

mmm...:..*
conduction

All atoms are vibrating (moving),
which means they have kinetic
energy. Hot atoms have more Ey.
When hot atoms bump itsto cold
atoms they transfer some energy.

Heat transfer continues until both abjects are at
tlrerinal equilibrian: the same temperature.

Conduction trarnsfers heat througl objects toucling.

Hot ™~ Cold
atom :C}'C)F stom
Conduction transfers heat
by atoms colliding and
transferring energy.

Closer atoms mean more colli-
stong. So solids fend to transfer
heat better than liqands or gases.
Gages tend to make good insula-
tors. Sometimes, though a kquid
{water) can speed up conduction

with an insulator {your skui).

High deusity “ > Low density
Solid Liquid Gas

Bstier condiucttrs 1w Betigr insulators

Caonvection Convection transfers heat threugh moving currents in gases or Bquids. No curvents—No convection
Hot liguids (and Gases transfer heat poorly Much of the weather
s oaces) are less through conduction. on =arth comes from
Hot Lignid Rises dense and rise. Convection currents speed convection curents.
; ; up thermal transfer. The sun warms air at
causing conveclion the surface of th
: currenis. These Convection curments can eani: igfanf a{ir nsi.s
currents transfer only happens in gases (like e wma‘ D i s, Wh
heat throughout the air) or lignids (Jike water), > - cz:husmg wml ) ﬁa}leﬁ
. Liquid (or gas). not in solids because Cold 2t is pulled in S AIr COols 1t Talis
Heat Saurce sotids can’t mave. cansing Ix}vin a back fo the ground.
Radiation Radiation transfers heat through eleciremagnetic radiation; occurs even in a vacuum {empty space).

Radtation transfers
heat through

clectromagnetic waves —
pure thermal energy.

wwnw.aisd. netsmurray

directions—even down.

convection and conduction
require touching,

Radiation can go throngh

fransparent nerials (barriers)

Fike glass.

Radiation tratisfers heat in all
Convection currents always rise.

Radiation reguires na contact—

fj All energy on earth comes originally from the
% sun. Spaceis a vacuum {no matter at all). So only
radiation can travel through space to the eanth.

Dark objects absorl more radiation than light objects.
Dull objects absorb more radiation than shiny objects.

33

Hiph absorption
of radiation.
Heats fast.

Capvright © 2004, C. Stepken Mioray

Low absorption
of radiation.
Heats slowly.
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HEAT PROBLEMS
1. Worite down the formula for heat.

Q = meDHE

2. a. What is the unit for heat? b. What is the unit for specific heat?

:S of £elotie j//(

3. Find the amount of heat needed to raise the temperature of 5 Kg of a substance from 20 °C
to 30 °C if the specific heat of the substance is 2010 J/kg °C.

(R =Mcat
{5)620/())(/0) = /00, 500 S

4. A metal with a specific heat of 780 J/kg °C requires 45 J of heat to raise its temperature by
2 °C. What is the mass of the metal?

()=meD & bS5 = 1 =629 Iy

v6 = ml 7w)(2) (ToXD) pila

5. A substance requires 50 J of heat to raise its temperature by 6 °C. If the mass of the
substance is 10 Kg, what is the specific heat of the substance?

(D=mcot - - .
sox (10) L) (/oXé) - =% 3/%4—

6. A metal with a specific heat of 700 J/kg °C and a mass of 8 Kg absorbs 48 J of heat. What
will be the temperature change of the metal?

C_Q - éé'é‘ ’ 7? — A
Vs ~(§X700)5t (&) 70

=-f.47 XKo;%

7. How much heat is needed to raise the temperature of .8 kg of lead by 10 °C?

Led = = 1293 /s (9 =meat
= <12 9)( 1)

= /029 T
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8. The temperature of a.250 kg ball of iron increases from 19 °C to 32 °C. How much heat did

the iron ball gain? & mE D é_
Trom - 99% 3/l (2o I73X03)

= /4954

9. The temperature of a.100 kg block of ice increases by 3 °C. How much heat does the ice

receive? Alyl) -2 ¢//y0 :Y/é;

(Q=mco &
SCroo) H)3) = 125Y T

10. .01 kg of steam absorbs 60 J of heat. What is the temperature increase of the steam?

Hoo = 4170 J// (= mcd &
éD 2(,0/)(4//?0)CA(—)

— J g/

o,((,//a>'—5é ///C..

11. A piece of lead Ioses 78 J of heat and experiences a decrease in temperature of 9 °C. What
is the mass of the piece of lead?

Lecd =125 3//45 (D = MmeDE
7% :M(/ZT)Cq>

o
(12¥X5)

12. The temperature of a.700 kg bar of iron decreases by 10 °C when the iron is plunged into
.100 kg of water. What is the temperature increase of the water, assuming that no that no
heat is lost in the transfer?

:m ::047/£&5

(D =mcot | ® = wmest
L 7os) i )(i0) 3134 =(/00X /0 ) o)
—3/361%
3136

- = AL~ 7.50L
(1o (/%) *
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13. How much heat is required to raise the temperature of .0035 kg of water from 12 °C to 35

°C?
CD —mceco&
—@o uBSDCL//S’OX;‘QB\
= D336

14, How much heat is needed to heat .02 kg of lead from 20 °C to 150 °C?

15. If you add the same amount of thermal energy to each of the substances in the table below,

Twhr:'\cph wilrl unier‘go the largest change in SUBSTANCE | SPECIFIC HEAT
emperature:
J /kg °C
A. Substance 1 1 gOO g ¢)
B. Substance 2 > 641
(9 Substance 3 3 004
() = mco ¢
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