5. How would the three answers to Question #4 change if:

a. The stone was thrown with Twuce the horizontal speed
. The Fime Sooldn't change
- The distance horizentally tveyvelled waoold double

+ The Hool ver HC&J\/W\“ 6¥4V Hae <o
¢ Cinal orizonteal o@\aa}\,’ doodes (does ot m%g\f\yzr%cw
b. The stone was thrown with the same speed but the cliff was twice as high?
- The fime LWovld Wvcteas e
: J»‘s’&im \/’0"‘7’0*\{'&“ =1l mouase .
e The —G'nna.‘ verheaf veloat will Tncrease

He st

e Fnal hor i 2onta ! \ldoah{ “Sheys

6. A dart player throws a dart horizontally at a speed of 12.4 m/s. The dart hits the board 0.32 m
below the height from which it was thrown. How far away is the player from the board?

Ny =12 '?"1(5 Verh cl:a\\'_j Clv: V}& + ’72.44&1 Hori npv\\-a;\g‘-
vi=Omls Vyz12.4m|$
clvo% 3 dyz-0.32m b7\ = ,[.N:o.’LSG‘Ls :

Ay 221.9m b. How fast was it going when it left the road?

: - - * 7
v d,: 7 q.3|M’5 —Jm- O- 2554 ¢ N
_t - -q xlmls d“ ‘([ 'SXO ?,55"’5)

7. Anautomobile, moving too fast on a horizontal stretch of mountain road, slides off the road, fallmg =3dfm
into deep snow 43.9 m below the road and 87.7 m beyond the edge of the road.
a. How long did the auto take to fall? - V/‘k . y:,a-‘[f

verhclly: y;zowmls [ _ am
dz-439m 4: V== F’%‘—%‘) 3.-1925
L=12.992s . Su - BFIm

oz s " - @A)
dyz 83AMm 3 5’-’:1?13
N = 9.3mfs °"

c. What was the acceleration 10 m below the edge of the road?

~9.%| s> (o Frecfal))

1. a) At the end: b) at the top of the trajectory; c) same throughout 2, Directly overhead 3.Yes 4.0) 4.00's; b) 20 m;
¢) vx = 5.0 m/s; = -39.2 m/s Ba) no change to time or vertical component of v horizontal distance and horizontal v¢ doubles,
b) time, vertical v+ and horizontal distance increase; 6. 3.2m 7.a) 2.99 s: b) 29.3 m/s; ¢) -9.81 m/s?
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Chapter 6: Work and Mechanical Energy

Energy is the capacity to do _wlncl4

Work
e the product of {orce exerted on an object and the distancethe
object moves in the _Airection of the force.
W=Fd

W = \Me¥ (Joules, J)
F= _Locce  applied (N)
d= _disfance (m)

e Ifa_ lacac.  forceis applied with no movement , then _no  work
is done.

e If aforceisexerted pﬁ?cm\‘xw\af to the motion, then no \Jork is
done.

e If aforceisexertedatan ) to the motion, then the force can

be replaced by its_ comgoscats . “Only the component in the 2 ic=chon of

motion does work.

Ex#1: How much work do you do when you climb a 3.0 m high staircase? (Assume your
weight is600N) 4 = 3.0m \,J='Fd
F. = GOOY . (boo@(g.om

W = ! \R00T = (20003 )

Ex 2: A man pulls a toboggan along the snow with the rope at an angle of 40.0° with the
horizontal. How much work is done by the man if he exerts a force of 255 N on the rope

and pulls the toboggan 30.zm?o’ Fy W= F, .
o Cos "0 = :@\55[\\{@640'0%30-01\;
f - 0.0 - .23
i R asn(est ) T 58023
b 7 - G860
U dy 2300w
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Work
1. When a bowling ball rolls down a level alley, does Earth's gravity do any work on the
ball? Explain. ‘
No - Force of graviby acts ‘\forh'Ca.II:j Luile +he pall's
movement s solely Wen zontal,
2. A force of 825 N is needed to push a car across a lot. Two students push the car
35 m.
a. How much work is done?

A:SSW\ \‘J‘: F-C\

- - sNY2Swm) * 288358 1
F = asN (RasNY2sw) Y X Nhy
b. After a rainstorm, the force needed to push the car doubled because the

ground became soft. By what amount does the work done by the students
change?
WorkK doobles TF foree doubles

afF.d = 2w

3. A delivery clerk carries a 34 N package from the ground to the fifth floor of an
office building, a total of 15 m. How much work is done by the clerk?

F = 34N w2 F-d
d = 15m _ @qﬂ)(usm)
w2 = (3107 )
4. What work is done by a forklift raising a 583 N box to a height of 1.2 m?
- 583N W= F-a

S=1-2m = (5%?>NX|- 2—M>
w = ? c £99.6T o
5. You and a friend each carry identical boxes to a room one floor above you and down

the hall. You choose to carry it first up the stairs and then down the hall. Your
friend carries it down the hall, and then up another stairwell. Who does more work?

Neither. Both 1ifY Yhe voxes 4o the same lrre(aki‘.

6. How much work does the force of gravity do when a 25N object falls a distance of
35m? £=926N W= F-d
d35m L (sN) -3.5m

s =’84-55m@
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7. An airplane passenger carries a 215 N suitcase up stairs, a displacement of 4.20 m

vertically and 4.60 m horizontally.
a. How much work does the passenger do?

d\"‘ 4.20m W = F&
[ - 2SN (215 (- 20m)

W=7 =(9033 )
b. The same passenger carried The same suitcase back down the same stairs.

How much work does the passenger do now?

a2 —4.20m
F:DSN ’qogx

=7
w 7.
8. A rope is used to pull a metal box 15.0 m across the floor. The rope is held at an
angle of 46.0°with the floor and a force of 628 N is used. How much work does the

force on the rope do? -
P F,H' s FCO&"‘LD LO: r\f\ . CL

S
Q“;Jb 3 3u = 15-Om
N Fed 7 Pah=rs
eﬁhﬂ& W :@

1A,z 150m
9. A sailor pulls a boat along a dock using a rope at an angle of 60.0° with the
horizontal. How much work is done by the sailor if he exerts a force of 255 N on

= (28 cos e T XIS W)

the rope and pulls the boat 30.0 m? w (Fceﬁéobxi)
Fu = Feos €0-0 o = (ZSSNXCos to 0')(50'0;)
= @_ss‘NX(_oséO.a B .
:%8255
c\“z5o.om _ 3,338\03

Fu PYLE 30 Om w = ?
10. Ronan pushes a 5.0 kg box up a 12 m long ramp that is built at a 15° angle to the

horizontal. How much work does Ronan do?

2int5% = é_‘.‘ o AV,OZ%M\G‘? - 7
a Fzmq =Qj-0lln,1q'i“°/“0 :l:f*"l’/
= H49.0 SN P

W

- \
W= ds By 2 (1@mfsimis®(4q.058
2
152.23 = (1.5x10°F
Answers: 1) No - displacement is perpendicular to force 2a)2,9x10T b)doubles 3) 5107 4)7.0x10°J 5)same 6) 887

7a) 9037 b)-903J 8) 6.54x10°T 9) 3,83x10°T 10) 1.5x1077
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Mechanical Advantage

o Simple machineS such as pulleys, ramps and levers can be used to
help people do work.

e The amount of wincK  done doesn't change, only the amount of effort
(force) required to get it done!

e If the work doesn't change, but the effort force goes down, then ‘rhaT
force MUST be applied over a greater __ A i=tance

e Mechanical advantage is the amount of bglp you get by using the
machine (rather than just doing that work directly).

Mechanical Advantage = Load Force
Effort Force

Ex#1: A set of pulleys is used to lift a 722 kg car engine. If a 295 N force is needed to
lift the engine, what is the mechanical advantage of the set of pulleys?

Lol foee = Fj =(l/.z'.‘(3)(‘\’-25|3~‘/;:5; LM
= 3093 N M-A- 2 g ot foree

ettt ‘GD(CC = ZC?SN — :{'__9}_3_‘5‘ :
249sN

'?‘ Ex#2: Beth needs to bring a 52 kg box of books up a 3.0 m high flight of stairs. Instead
¢t of carrying them directly up, she sets up a 12 m ramp. If Beth needs to apply a force of
129 189 N to push the box up the ramp, what is the mechanical advantage of the ramp?

Load force (5a1q(3.51N) g . Lesdforse

= 510.1N Sl Eb(go\% foree
C|oy force 128N . 5o
“hl T 128NM

—-—
L d
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Power

. Ba:"c at which work is done.

P= W
t

P= @gd , watts (w)
W =_ocri , Joules (J)
t =_Lime, seconds (s)

Ex#1: How much power is developed by a 70.0 kg boy running up a flight of
stairs, 4.5 m high in a time of 2.5 s?

m=F0.04q F3=m3

A= 4.5wm WE F'O\':mﬁ'-d _

LIS AT ogumnigs)
| T _= =

2.Ss

€ 2 1Z%6\ o('(\-lxléad )

Ex#2: How much energy (or work!) does a 1500 W toaster convert to heat in
2 minutes?

P (5006
£ = 2minx .élgﬁ- =120 .
wunhn
.7 P=UW
£
w = ?‘t
- Qsoowllzob
(Vs %% \OGS
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Power

1. A box that weighs 575 N is lifted a distance of 20.0 m straight up by a rope. The
job is done in 10.0 s. What power is developed?
F6*SN o Fd | 6350Xz0.0m)
d = 20-om tE°- Tt ° 1O0- 05

t=1005 =150

2. Arock climber wears a 7.50 kg knapsack while scaling a cliff. After 30.0 min, the
climber is 8.2 m above the starting point.

a. How much work does the climber do on the knapsack?
m=F-50k Wl - :

o= &.sm — wig -d=(7 50K a5V (8225020
b. If the climber weighs 645 N, how much work does she do lifting herself and
the knapsack? A
F = G4SN+ sowX98Ag W= F-
. 7,,7(,, ~Grze)(8.2m o
P -—58q1’5'or.)‘3x|o
c. WhaT is the power developed by the climber?
£ = BoOmaax €0-0z;, 19005 . p_ W 58RI _@
W= 589235 € 18993

3. Brutus, a champion weightlifter, raises 240 kg a distance of 2.35 m.
a. How much work is done by Brutus lifting the weights?

M= 240 WJ= F.a
%’i‘i‘sf’ : _ mi-c\ =(2«+o@(q.glﬁ/@(23§@

Az = 5633.)e
b. How much work is done holding the weights above his head? m

c. How much work is done lowering them back to the ground?
" sszeT o

d. If Brutus completes the lift in 2.5 s, how much power is developed?

W:55%33 p. W 5‘_??‘ 7 213\
L=2.5% 2-53%
€2 € N @210’ W)
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4. An electric motor develops 65 kW of power as it lifts a loaded elevator 17.5 m in
35.0 s. How much force does the motor exer1‘>

=05 14" 2 6.5x107) P- w =

A= 1#5m

£ =35-0s. D- E- c\f _Gsxo \o"u))(%os)@
F=" 1F-Sm

5. A horizontal force of 805 N is needed to drag a crate across a horizontal floor with
a constant speed. Pete drags the crate using a rope held at an angle of 32°,
a. What force does Pete exert on the rope?

Cos 32° = Fu

1 ' F
QO
Dﬁi Fu__ . goSt =Ciqﬂzww@

Sy = goEN F = cos32° " we22°
b. How much work does Pete do on 'rhe crate when moving it 22 m?

R = BOS N W= \"H ’
d“r- 22wm OS’AXZ-ZV‘:D

w= \_-'I' F10J or
c. If Pete completes the job in 8.0 s, what power is developed?

=130y PV _\3FIed

e G

6. Seth pulls a 305 N sled along a snowy path using a rope that makes a 45.0° angle
with the ground. Seth pulls with a force of 42.3 N. The sled moves 16 min 3.0 s.
What is Seth's power?

F, = Feos 1S o
@2'3,&1105‘45 0>

P W F -9 -d @23:\\)(@3450)(\6@
d=lem T t ~ 3.0s
L=3-0% = 159.5 W ar

ANSWERS: 1) 1.15x10°W 2a) 6.0x102] b) 5.9x10%T ¢) 3.3W 3a) 5.5x10°T b) no work c¢) -5.5x10°T d) 2.2x10°W 4) 1.3x10°N
5a) 949N b) 1.8x10%T c) 2@x10°W 6) 1.6x10?°W
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Mechanical Energy

Energy: the ability to do \wo &
transfer of energy = \Jov ¥ done onan object

AE'-:W =E-F"El:

Forms of Mechanical Enerqgy

Grovitahionsl Energy - as aresult of an object's _posi Hion
ie. roller coaster at the top of a hill

Linetic. Energy - due to the motion of anobject. ie. moving car

Gravitational Potential Enerqgy

* dependent on the object's oosiYion above the Earth's surface.

W:=Fd
since Fg=mgq
and d=h
then, E, = mgh

EP = (E;(Q\). Posfcn\'\'a\ Evse«qu )

m = _™assS (kg)
= aﬂMMﬂA_SM@-B@ m/s?)
h = Weight aliove refecence (m)
» \euet

e formula is valid only where g is constant .

s select a position at which an object's . i:jﬁjfmﬁa..\ cvesyyis zero (lowest point)
« potential energy is measured relative to the ycference \eve |
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Ex#1: Each step of a ladder increases one's vertical height by 40cm. If a 90.0 kg painter
climbs eight steps of the ladder, what is the increase in potential energy?

\ﬂ’ 8% 0.4w E‘F W\a\n

= 3.2m @o Ol@(qgm/@(s.z@

m= 40-0%s
= 29253
q=9.3' 8/ o G 3XI0T)

Ex#2: A 10.0 kg rock is on top of a house 3.00 m high on the edge of a cliff that is 200 m
high. What is the gravitational potential energy of the rock..

o:f\ a) relative to the roof of the house? Ep = Mq 12k (D 0“37(‘7 SIN/%)(.97 oY
3.

H 3
1 b) relative to the floor of the house? (10 - o\’...\(q AN/ K.‘j. 3- OOQ AL
ZD-OMI

oY
¢) relative to the bottom of the cliff? (\0-061‘?-3‘”@( 23. 0"‘0 11

Kinetic Energy

e result of wor¥.  being done onan object.
« depends on an object's mass  and seloc Ty

Work done is W= F.d
Since F=ma
then, W = mad
If vi2=vi?+2ad then ad = v¢? - vi
If an object starts af rest, ad = vé/2
W = m (vi?/2)
THEREFORE:  Ex= 4 mv? Ex = Kinehic enemy (J)

m=_maSS (kg)

v= \J¢\oofhj (m/s)
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Ex#1: What is the kinetic energy of a 25.0 g bullet travelling at 3600 km/h?

M= 25.00x —% - 0.0150 1 2
° 10%y &-01%0% . EK" 2 mN
V = 3600Kkm \eoom , L1 |0o0mfs )“‘
|| SO = @sXo o;souamoow\]s
= (25003
otT
Work - Energy Theorem or (1.3x% |

W = Egs - Exi = AEk

AEK = % me2 - % mvi2 = % m (sz - viz)

" The net work done on an object is equal to its c,lna%g_in Kinetic Energy.”

Net work is pesi Hve= if net force acts in the _Same_  direction as the
motion, and kinetic energy _jvireases .

Net work is n%a.h'\t if net force acts in the p_geosi-lc direction of the
motion, and kinetic energy _decreases .

Ex#1. How much work does a pitcher do when he accelerates a 145g baseball from rest to
25 m/s?

m:= O.\'-\Slj, \J\J=AE‘4= EK@ - EK;“

2
V= owls =z SmNg? -5 my; o
_ ws . F_ (6 JUSKe YOm/s
\g = 25wls 2 (B.5Xo 145 ¥gX 25wl - (oS 0=
r 45.313- 0T -

Ex#2. A car gains 577 KJ of kinetic energy when it accelerates from 12 m/s to 25 m/s in
12 seconds. What is the mass of the car?

2-
AEK: 533KT AEK: lim\‘-(-'z - 2mV,
= 6.¥#x10 T ‘ )
g: =12mls SAR TS Rt >3
' A#x10
z 26wls o 228k ;(2-7&5 z
Ve M2 ) mé

M= :9,,%‘?‘?6 m’
85
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Conservation of Energy
"Within a closed, isolated system, energy can Ohangc, form, but the total

amount of energy is consccied

« Energy can be neither Creaded nor de,:»—l-m%gé :

Mathematically:
Exi + Epi = Exs + Epr
Total energy befoce. = Total energy _al e

The decrease in potential energy is equal to the increase in its kinetic energy
AEk :—AEp
The total energy, E, of an object is the sum of the kinetic energy and

potential energy
E = Ek + Ep

Ex#1: A 20.0 kg rock falls 50'm from rest.
a) What is the rock’s loss in gravitational energy?

ms= ZO-DS AE? = EPF - E(’{,
:i::S'OM = mg\,‘p — ms\n;
= 0.0 9-8IN/In) O ~5om) = = T30
b) What is its gain in kinetic energy? 18108
c) What is the final speed of the rock?
) Z
E,= 93103 Ey - 2mVg
™m - 20‘06 :\2 ¥
N m

Ve - 7
2X9310D) | 3lm[s dowr
IQ;%— /
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Ex#2: A girl on a bicycle is on the top of a 15 m high hill. How fast will she be moving at
the bottom of the hill? (Ignore friction)
oAby = TOER ==
Ewe - By = e, - 1_7 A J 23 h
Ey, -0 | = \Kz)(q.sm@(usm)
.;f 2 1F.16 ms

EPF=OS

- E :EP;_ /
s / D
2

Kinetic Energy

1. A compact car has a mass of 750 kg.
a. Calculate the kinetic energy of The car moving at 50 km/h

m = 350 Kfs - Ew: W\\)
- 5122"’/';;3" = (0.s)(1s0KmX13 Anf)”
— T m
: ' 2xio 9
Ep:? 324543 or F
How much work must be done on the car to slow it from 100 km/h to 50 km/h?

b.
AE__%: EKF - Exl

m:= _:}5'0!3,
\[is\ootm/hc Z:I'gm,f) = Q_MCV.G - \)‘
- (o-s 50 @)(3- gg,—m)%*’s
- 2 21F36/T ov €2:2%10°F

\l‘F = l3~q M’S
c. How much work must be done on the car to bring it from 50 km/h to rest?

d. The force that does the work is constant. Find the ratio of the distance
needed to slow the car from 100 km/h to 50 km/h to the distance needed to
_d_'f.._-—‘o < t"')IM -50

slow it from 50 km/h to rest.
W eo-
-—-'53 & ClSo-O L‘)SO'O

dso-0 5
_ 233”3
- F24S4Y I

oY 87
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2. A rifle can shoot a 4.20 g bullet at a speed of 965 m/s.
a. Find the kinetic ener‘gy of the bullet.

m= 4205 /z_rvl\‘z
= 4 20 x([0” 6 "(O 'SX‘/LOK'O c,‘)(‘iéSw\/a
V= 965m/s 1956 T er

b. What work is done on the bullet if it starts from rest?
\f\‘ :A€K= E\C - E\Lu

£ —
1956T - 03 —’

c. If the work is done over a distance of 0.75 m, what is the average force on the

bullet? -
\W = \QSGS \'d . r-A

A 70 F5m F=M_19563 - 26061A

_ a s
- O exiéN)

d. If the bullet comes to rest by pushing 1.5 cm into metal, what is the average
force it exerts?

W
\,J:'AE.K'—'EK(_\"EK'; T F-d——
= o3 — 1456 ~19563

d = D.ISm = —13p40N &

3. A comet with mass 7.85x10" kg strikes Earth at a speed, relative to Earth, or 25
km/s. Find the kinetic energy of the comet in joules.
M= F ISK10 ¥ e o LT
3 3 K—u_" - W1 N 2_.5—000\,45
N = 26000m(s {o <SX(7.35%10 X
Exs7 = 2.4563%x10° 3 o

4, A 5700 kg trailer truck needs 2.2x10° J of work to accelerate it to 100 km/h.
a. How fast would it go if just half as much wor'k is done on |‘r’>

W = By - By Vg  org &s
Exp = WO *EX me5l00 FE,.Z 2 7 19-bw)s

z \.1x10°S +0% -

b. How fast would it go if twice as much work is done on it?

Exp = H4XI0°T J?E; EX4445) , 39.34

- 5300 5300
e b - o

#* Need 4% e wevk o dovdle Yhe Speed’
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Potential Energy
5. A 90 kg rock climber first climbs 45 m upward to the top edge of a quarry, then, from
the top, descends 85 m to the bottom. Find the potential energy of the climber at the
edge and at the bottom, using the initial height as the reference level.

E-P@ edsz = ma\q\

- o@Lq.sm/@L«&sm) =+ ’?‘j

Efopotiom ° ms\nu - 35216Y

R L L R - EPICNY

6. A 50.0 kg shell is shot from a cannon at Earth’s surface to a height of 4.00x10? m.
a. What is the gravitational potential energy with respect the Earth's surface of
the Earth-shell system when the shell is at this height?

7 4oOwm EP _ M‘S\q

. ,ss.oe | _;(SO_O\@[Q.MN/ L uo0m)
Ep = *196200% ={.9Lx10°T

b. What is the change in potential energy of the system when the shell falls to a
height of 2.00x102 m?

QPL = \9 G?"OO—S

€ = mgh - Go.owg) 4.8V igYzoom) = T8100T

- AEp: Ep- Ep, = 981003 —1962208
C - ami00T o
7. A person weighing 630 N climbs up a ladder to a height of 5.0 m.
a. What work does the person do?

A-5.0m g(bgoyAXE-OWD
b. What is the increase in the gravitational potential energy of the person from
the ground to this height? _
EP;:OT AEP: EPP’E'PL' -
) - ‘603' T 3 ISsOoy — O
Ee = mgh= 3

c. Where does the energy come from to cause ’r!ns Increase in the gravitational
potential energy?

Chewacal enersgy stoced ?cxsw\‘s wiwuscles.
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8. A pendulum is constructed from a 7.26 kg bowling ball hanging on a 2.5 m long rope.
The ball is pulled back until the rope makes a 45° angle with the vertical.
a. What is the potential energy of the ball?

Wz 2.2m—X E?= W\S\n

% = Q.ﬁmI_CDS“l'Q:D =G_%¥3Iq 5\9/9(0,139
= \-1"1’”\ ~ 52"53—

e 25— 1.3 tm B
S

b. What reference level did you use in your calculations?
~When the all 15 of its lowesk Po'wu‘\'
of twhe Swing

Conservation of Energy
9. A bike rider approaches a hill at 8.5 m/s. The total mass of the bike and rider is 85

kg.
a. Find the kinetic energy of the bike and rider.
- \ >
m= 85“3 E\L: 3 M\] 2.
N %.‘SW\IS _'_(O.Siﬁsg\%‘Xg.Sm}s)
Ey=? z 3018 ,«@\x\oas'

b. The rider coasts up the hill. Assuming there is no friction, at what height will
the bike come to a stop?

2
o N _@Swls)  -3.632m
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10. Tarzan, mass 85 kg, swings down from a tree limb on the end of a 20 m vine. His feet

touch the ground 4.0 m below the limb.
a. How fast is Tarzan moving when he reaches the ground?

Ep + B, ’gﬂ'*i‘%
ighi = LoV
- .95 Trfs
hZqoml - Y - 2gh = (XA e
b. Does your answer depend on Tarzan's mass?

No ' C'a.v\ce,‘s O\.Cl' .

c. Does your answer depend on the length of the vine?

No, just +he heignt above the rc?ercva:tclz\:‘“a}‘

11. A skier starts from rest at the top of a 45 m hill, skis down a 30° incline into a valley,
and continues up a 40,m hill. Both hill heights are measured from the valley floor.
Assume you can neglect friction and the effect of ski poles.

a. How fast is the skier moving at the bottom of the hill?

EP;‘P% =5[f2+ez

2
h=‘*;\fq‘?ﬁ.‘ thghi = TPV
;' "@"X@ V= {Zq (D8 X‘-IS'M) 29.Fwmls

b. What is the skier's speed at the top of the next hill?
Ep‘ + G = Ep, r E\L3
v laohvg
pha = Hgh, A —

Ng ? 3\_‘,::1.-% o Ny2[28 (= l—ﬂq 4597
q.olbw\ls

R CEiD)

La) 7.4x10%T; b) -2.20x10%7; ¢) -7.4x10*T: d) 3:1 2. a) 1.96x10° J; b) 1.96x10° J; ¢) 2.6x10° N; d) -1.3x10° N 3. 2.5x10%° J: 4. q)
7tkm/h; b) 140 km/h; 5. +4.0x10%7; -3.5x10%7; 6. a) 1.96x10°T; b) -9.80x10°T: 7. a) 3200 J; b) 3200 J; c) work done on person;
chemical energy stored in person's body: 8. a) 527; b) height of ball when rope was vertical; 9. a) 3.1x10°J; b) 3.7 m; 10.a) 8.9
m/s; b) no; ¢) no; 11. a) 30m/s; b) 10 m/s
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Energy Concept Review

1. Describe the work done and the energy changes taking place when:

a. You climb a rope.

\Iou do usv K o.so.’ms‘\' %fa.\l\'*: - 3o.§n Pg"enHo.\ encrgy

b. You throw a ball horizontally

Noov do wevK on the ‘oad) ond i¥ %o.‘\ns WKank o enerny

¢. A horizontally thrown ball is caught in a mitt
The mitt  does wov¥k aﬁo.(‘(\s* Yhe oo\ ond)

e ool \oses Kinelic eneray).

d. A horizontally thrown ball falls, gaining vertical velocity 3 i
c

Grossi deaes Lasvk on Yhe b«\\, an
s T8\ 6&205 Kineh'c energy

2. A student is doing a problem involving a ball falling down a well. If the top of the
well is chosen as the reference level for potential energy, then what is the sign of

the potential energy at the bottom of the well?

NCSwHVC (-ﬁnCC h wovld Ye V\C%a.\‘\'\rC)_

3. Explain how energy and work are related. o
o
WorK is rC@M‘rec\ Vo change Y\We &V
of enemy an dbx ¥ Yras -

4. Explain how energy and force are related.
When a Socce 1o aFF\\e
an obv 25:,'(;\ 's enefqy vl W\ chanae.

d oves o distance,
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5. Can the kinetic energy of a baseball ever have a negative value? Explain.

No = Kine¥c enerqy 18 o Scalar CG\:@.A:HH‘, OMAOT
as \Oﬂf') o Ywe obgd{ is in wohen ¥ las Ew 7

L> MasS can only e posihve * Norer e
L7 e squasc of the yelouly is pos Ve DBy SO\ e

6. Sally and Lisa have identical compact cars. Sally is northbound on the freeway and
Lisa is southbound with the same speed. Which car has more kinetic energy?

—ﬂm:j Viave the. sowmwe

amoon\' DQ eﬂeraa .

7. If you drop a tennis ball onto a concrete floor, it will bounce back farther than if
you drop it on a rug. Where does the lost energy go when it strikes the rug?

Soond, \neod (Grickvon)

8. If two identical bowling balls are raised to the same height, one on the Earth, and
the other on the moon, which has the larger potential energy relative to the surface
of the bodies?

+ h
Eo V© \afﬁe/( o Cor T (& e‘bua”\ "~ ) '
’ \
P
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Chapter 7 Thermal Enerqgy

Thermodynamics - the study of \heat

Kinetic Molecular Theory

o all matter is made up of particles in constant _motien
» a hotter body has Lo <te  moving particles than a cooler body,
thus more Crecgy

e

External Energy of a Baseball

e result of _m_bm and _= peced of a baseball.

—— Ex=zm

E, = mgh =

Internal Energy of a Baseball

o result of the E2 and _E, of the particles

o Exof particles = particles_moving back and forth.

o E,of particles = attracthhon of particles due to electromagnetic
forces.

e Thermal Energy - the _2um_of the Ex and E; energy of the

motion of particles that make up an object.

Thermal Energy vs. Temperature

Thermal Energy - the total kinetic energy of all particles of an object:
Temperature - the avefage.  kinetic energy of the particles of an object;

measured with a hg(my_l&\’tf

o particles of an object have a {anqe  of energies, some high and some low.

o hotter objects have great aNeLaae. Ex of particles.
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Heat

Heat - the amount of thee mal energy transferred from one object to
another due to differences in tewpecatuces  between the objects.

Equilibrium - occurs when the rate of energy _-tvan <fec between two

bodies is ==X} ol . objects at equilibrium are at the same j-gmpgm\:uf‘(.

Thermal Energy Transfer

conduction - transfer of kinetic energy in _Sol id<  when particles
of anobject o ouch

convection - heat transfer by the movement of Floids  caused by
different dens ties,

radiation - transfer of thermal energy through <pace.  inthe of
focon  of waves (i.e., infrared)

Temperature Scales

 thermometer - device used to measure tempeiv It is placed in
contact with an object and allowed to come to thermal eqoili briom

Celcius
o scale based on the properties of _uooctesr

Kelvin

» scale based on Hhermal enerdy no upper limit.

» used to accommodate wide range of temperatures in the oniverse .

» absolute zero - temperature at which all thecwal enerayis removed
from objects. (-273.15°C)

Celsius Kelvin
-273.15°C ®)

0.00°C 123%.\5
22.00°C 2795 \&
100.00°¢C 233.15
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5.4 Measuring Heat Energy

o energy transferred as a result of a difference in temperature.
» dependent on:

Q) _Mass of the object,
b) Aiffecence intemperature,
¢) \neat capaca }3 of material.

Q=m.C AT

Q = heat energy gained or lost (J) (sometimes En)
m = mass (kg)

C = specific heat (J/Kg°C or J/Kg.K)

AT = change in temperature (°C or K)

Ex#1: A 0.4 kg block of iron is heated from 295 K to 325 K. How much heat
is absorbed by the iron? (See table on pg. 121 of workbook for values of C)

Qe o.“lkj . (9 chT”

T; = L95K B mC(Tp—T)
e
C;, 150 Cl = 5400F o x\OJ’

Ex#2: After 250 kJ of heat is transferred to a container of water, the
temperature rose to from 15°C to 25°C. What was the mass of the water in
the container?

. T
Q= 250x10°T & m@c::
T : 15°C m= =
£ 250007
) .o = . 5912
G e (a9 o

- (L0
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Thermal Energy

Concept Questions
1. Explain the difference between a ball's external energy and its thermal energy. _

External energy cefers to znergy dve o enhire LAV'S posihon
+wiochon while Hie ivemal erefqgy rcExS o the energ vy oé“-—(-h-;, e
2. Explain the difference between a ball's thermal energy and temperature. Panticles oo PRY

T hermol energy is the 1_1-;\-_%_;!_ Einehc esergy of =it +he ‘ +Whe loese
ndesin an obyeeh) while tempevatuny 1> the averege kinhe les
3. Can temperature be assigned to a vacuum? Explain. € "3 ok the F’Ahc '
No.-. ¥ vio paahdes, Hhere!s no wooy o
ASIC3S e/ avernye Iee emny
4. Do all of the molecules or atoms in a liquid have about the same speed?

(\_l_l_) - somie ave much (G atey (a“owtns Ahemn Yo eScrpe the

\( M’A‘s 50'&0& ‘C\a.PO'fa.'&.«); Some A€ 5'0\;_\&( aS well.
5. Could the thermal energy of a bowl of hot water equal that of a bowl of cold water?
Explain. Yeg - i€ the bowl o€ coUd Loatir 35 wuch ‘O\\S"Qo(

Hen Hhe bow!l of hot Looter !

6. On cold winter nights before central heating, people often placed hot water bottles in
their beds. Why would this be better than, say, warmed bricks?
V\h_:\’o( \no.S a- \I\,\S W head C’QPM\ -+ Con -k\nc(c-COTc +Y4V' SFC’I
a lot of Whead EMNg Y 4o the sucre AA\vs el Ffonudunt,
7. If you take a spoon out of a cup of hot coffee and put it in your mouth, you won't burn
your tongue. But, you could very easily burn your tongue if you put the liquid in your mouth.
Why? Heot capacty of the metal sgon 1S much lovses thecfne
wW\ ceo\ o6 Yex Hon Hhe h‘vbu.xd’

Problems:
1. Convert these Celsius femperatures to Kelvin temperatures.

a. 0°C O,.C,{Z::"a' = '2-?’6 "4 d. 560°C E_l NL2F3= $35|4
b. 273°C 2323+ 233 = 5 4l K e -184°C —1%49+ il oK . e
c. 27°C 27 ¥2F3= 300V f -300% 2004275 " - K TS

2. Covert these Kelvin temperatures to Celsius temperatures.

a. 0K O-23%3--233%°C d 22k 22-133%=-25V¢C
b. 273k 233 -2313= 0°C e. 402K 402-H2= \29°C
c. 10K 110 =237 ~1b3°C  f 323k 323%-2%13= 50

1: 273K 546K: 300K: 833K: 89K: impossible; 2:-273°C: 0°C: -163°C; -251°C; 129°C: 50°C
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3. How much heat is absorbed by 60.0 g of copper when it is heated from 20.0°C to

80.0°C? 6 - meaT
X N> 0.0600 ke | L -
T3 = 20.0°C ka = (0-0600\61?3903/%%130.0 (& 20‘83930%)

Tg = 90-0°C ?%‘-w'-k_li",_)
C= EﬁO:r/ < =(y.4 x’\OST

4. A38kg bIocﬁsof lead is heated from -26 °C to 180°C. How much heat does it absorb

during the heating? Q= wCaT ) (1.0x10°T)
m = 3% . Ry or ..z_c,\:)
1‘-.:—-2(,5?. = (58%7(504%1—‘%06 ¢

arad 180°¢C R Ye) 1.,5‘-1-0.3'

I,
C # 130 /lg‘c 2(1.0x 10°0°)
The cooling system of a car engine contains 20.0 L of water (1 L of water has a mass
of 1kg). What is the change in the temperature of the water if the engine operates

X until 836.0 kJ of heat are added? (10.0°C)
8 :83¢(.0x10°F a=-mcaT - -
M =20.0Kq . S %26 090 = 9,935+
. LT = — = 864 «
C = 41865/°C c 20.06J (4155 M) 7o
pT27 men gl b

6. A 5.00x102 g block of metal absorbs 5016 J of heat when its temperature changes
from 20.0°C to 30.0°C. Calculate the specific heat of the meftal. (1.00x10° J/kgK)

m:O,@OE, B-wmCal
& - 60163 . e 8o - Zeled
AT = 30°¢- 200771 WIsY " (pgooly] 0.0
c=7 - 1062.25 = [Loox103
7. A 565g cube of iron is cooled from the temperature of boiling water to room
temperature (20°C).
\
a. How much heat must be e‘;&a&esjﬂy the cube? “£2.0x10° T)
WMz 0.55% X 8=mcb'r .
&7 = 20°C-look="¥0C = sLs¥)(H50 U - %06
C = 450 S/tsC - -203403F N(—Z,o,doqf )
b. If the iron is cooled by dunking it into water at 0°C that rises in temperature
to 20°C, how much water is needed? (0.24kg)
C =B~ gt W= %,
L4
-~ °C
/r\ Olo'C/ ‘4-2_03"!'0:‘ = O.Z('lzqgg
'\’.9 d 7 S, e
o ¥L0340T (87 (30-0) - 24K
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