
m h PEg = mgh



E = mc 2

W = ∣ F ∣ (cos θ) ∣ d ∣ ,

W d θ F
d

W = Fd cos θ.

W = Fd cos θ,

W F d
θ F d



F Fd cos θ F cos θ

F

F
d

d = 0 W = 0



cos 90º = 0
W = 0

θ = 180º cos 180º = –1 W

1 J = 1 N ⋅ m = 1 kg ⋅ m2/s2

75.0 N
35º 25.0 m

10,000 kJ 2400 kcal
1ºC 4.186 J

4186 J

W = Fd cos θ W

W = Fd cos θ.

W = (75.0 N)(25.0 m) cos (35.0º)
= 1536 J = 1.54×103 J.

W = (1536 J)(1 kcal / 4186 J) = 0.367 kcal

W
2400 kcal = 1.53×10−4.



Fnet
Wnet = Fnetd cos θ θ

F cos θ d F cos θ
Fd cos θ

(F cos θ)i(ave) (F cos θ)i(ave)di

Wi

F cos θ d F cos θ
F cos θ d

d



Fapp f
θ = 0º cos θ = 1

Wnet = Fnetd.

Fnet v0 v

Fnet = ma

Wnet = mad.

d = x − x0

d a v2 = v0
2 + 2ad a

a = v2 − v0
2

2d a Wnet

Wnet = m
⎛
⎝
⎜v2 − v0

2

2d
⎞
⎠
⎟d.

d

W = 1
2mv2 − 1

2mv0
 2 .

1
2mv2

1
2mv2

W net = 1
2mv2 − 1

2mv0
 2

1
2mv2 m

v

KE = 1
2mv2,

m v
KE = 1

2mv2



KE = 1
2mv2.

KE = 0.5(30.0 kg)(0.500 m/s)2,

KE = 3.75 kg ⋅ m2/s2 = 3.75 J.

Fnet = 120 N – 5.00 N = 115 N

Wnet = Fnetd = (115 N)(0.800 m)
= 92.0 N ⋅ m = 92.0 J.

Wapp = Fappd cos(0º) = Fappd
= (120 N)(0.800 m)
= 96.0 J

θ = 180º

Wfr = Ffrd cos(180º) = −Ffrd
= −(5.00 N)(0.800 m)
= −4.00 J.



Wgr = 0,
WN = 0,
Wapp = 96.0 J,
Wfr = − 4.00 J.

Wtotal = Wgr + WN + Wapp + Wfr = 92.0 J.

Wtotal Wnet

Wnet
1
2mv0

2 1
2mv2 v

Wnet = 1
2mv2 − 1

2mv0
2.

1
2mv2

1
2mv2 = Wnet + 1

2mv0
2.

1
2mv2 = 92.0 J+3.75 J = 95.75 J.

v = 2(95.75 J)
m = 191.5 kg ⋅ m2/s2

30.0 kg
= 2.53 m/s.

θ = 180º Wfr



Wfr = −95.75 J Wfr = f d′ cos θ = – f d′ d′

d′ = −Wfr
f = −−95.75 J

5.00 N ,

d′ = 19.2 m.

m h
mg

W = Fd = mgh (PEg)

PEg

mgh
PEg KE



ΔPEg

ΔPEg = mgh,

h Δh h

mgh = ⎛
⎝0.500 kg⎞

⎠
⎛
⎝9.80 m/s2⎞⎠(1.00 m)

= 4.90 kg ⋅ m2/s2 = 4.90 J.

ΔPEg = mgh h
mgh

h m
mgh



(ΔPEg) ΔPEg = mgh

PEg

KE

W = Fd cos θ = −Fd,

(cos θ = cos 180º = − 1)

h

KE = −ΔPEg = −mgh,

d h

W

W = −KE = mgh.

W

−Fd = mgh.

h

F = −mgh
d = −

⎛
⎝60.0 kg⎞

⎠
⎛
⎝9.80 m/s2⎞⎠(−3.00 m)

5.00×10−3 m
= 3.53×105 N.



ΔPEg

KE

h −ΔPEg = ΔKE



PEg KE v

ΔKE = 1
2mv2

ΔPEg = mgh h ΔPEg = −mg ∣ h ∣

−ΔPEg = ΔKE

mg ∣ h ∣ = 1
2mv2.

v

v = 2g ∣ h ∣ .

v = 2⎛
⎝9.80 m/s2⎞⎠(20.0 m)

= 19.8 m/s.

− ΔPEg = ΔKE ΔKE = 1
2mv2 − 1

2mv0
2

mg ∣ h ∣ = 1
2mv2 − 1

2mv0
2.

1
2mv2 = mg ∣ h ∣ + 1

2mv0
2.

v = 2g ∣ h ∣ + v0
2.

v = v0
2 + 2ad

v = 2(9.80 m/s2)(20.0 m) + (5.00 m/s)2

= 20.4 m/s.

h



(PE)

(PE)

PEs

F ΔL F = kΔL
ΔL F x

F = kx k
kx kx / 2

Ws = Fd = ⎛
⎝kx

2
⎞
⎠x = 1

2kx2

F x
1
2kx2 PEs

PEs = 1
2kx2,

k x
x

PEs x



PEs x

F = kx 1
2kx2

(PEs) F x k 1
2kx2

1
2kx2

PEs = 1
2kx2

PEs = 1
2kx2 k

x

Wnet = 1
2mv2 − 1

2mv0
2 = ΔKE.

Wnet = Wc,



Wc

Wc = ΔKE.

Wc = −ΔPE

−ΔPE = ΔKE

ΔKE + ΔPE = 0.

KE + PE = constant    
or

KEi + PEi = KEf + PEf

⎫
⎭
⎬(conservative forces only),

(KE + PE)
KE PE

KEi +PEi = KEf + PEf

1
2mv i

2 + mghi + 1
2kxi

2 = 1
2mvf

2 + mghf + 1
2kxf

2,

h x

hi hf vi
xf

1
2kxi

2 = 1
2mvf

2.



vf = k
mxi

= 250.0 N/m
0.100 kg (0.0400 m)

= 2.00 m/s.

1
2kx i

 2 = 1
 2mvf

 2 + mghf.

vf

vf = kxi
2

m − 2ghf

= ⎛
⎝250.0 N/m

0.100 kg
⎞
⎠(0.0400 m)2 − 2(9.80 m/s2)(0.180 m)

= 0.687 m/s.



Wnet = ΔKE

Wnet = Wnc + Wc,

Wnc + Wc = ΔKE,

Wnc Wc



Wc = −ΔPE
Wnc

Wnc = ΔKE + ΔPE.

(KE + PE)

Wnc = ΔKE + ΔPE

KEi +PEi + Wnc = KEf + PEf .

Wnc
Wnc

Wnc

KEi +PEi + Wnc = KEf + PEf

KEi + PEi + Wnc = KEf + PEf



d
fd

f θ = 180º
cos θ = −1 Wnc = − fd

1
2mv i

2 − fd = 0

fd = 1
2mv i

2.

d

d

d =
mv i

2

2 f

= (65.0 kg)(6.00 m/s)2

(2)(450 N)
= 2.60 m.

5.00º



5.00º

d h
h = d sin 5.00º

KE + PEi + Wnc = KEf + PEf .

Wnc = − fd PEi = mg ⋅ 0 = 0

KEi = 1
2mv i

2 KEf = 0 PEf = mgh = mgd sin θ

1
2mv i

2 + 0 + ⎛
⎝ − fd⎞⎠ = 0 + mgd sin θ.

d

d =
⎛
⎝1
2
⎞
⎠mv i

2

f + mg sin θ

= (0.5)(65.0 kg)(6.00 m/s)2

450 N+(65.0 kg)(9.80 m/s2) sin (5.00º)
= 2.31 m.

d
mgh

d

μk
f μk N N



fd

(KE + PE)
(Wnc)

OE

KEi + PEi + Wnc + OEi = KEf + PEf + OEf.

KE
PE Wnc

OE OE

OE

OE



KEi + PEi = KEf + PEf.

KEi + PEi + Wnc + OEi = KEf + PEf + OEf.

Wc
PE

h = 0
PEg





1068

1044

1034

4×1020

3.8×1016

6.4×1014

8.0×1013

4.2×1013

1.1×1010

5.9×109

4.2×109

1.2×108

7×107

1.2×107

3.1×105

3.9×104

3.2×104

1.7×104

1.7×104

22
⎛
⎝10–2 g at 0.5 m/s⎞⎠ 1.3×10−6

4.0×10−15

10−19

Eff

Efficiency(Eff ) = useful energy or work output
total energy input = Wout

Ein
.



P



P = W
t

W (1 W = 1 J/s).

W= KE + PE KE PEg

W = KEf + PEg = 1
2mvf

2 + mgh h

W

W P = W / t

P = W
t =

1
2mvf

2 + mgh
t .

P =
0.5⎛

⎝60.0 kg⎞
⎠(2.00 m/s)2 + ⎛

⎝60.0 kg⎞
⎠
⎛
⎝9.80 m/s2⎞⎠(3.00 m)

3.50 s
= 120 J + 1764 J

3.50 s
= 538 W.



(1 hp = 746 W)

(kW/m2).

106 W



5×1037

1037

1028

4×1026

4×1015

2×1012

3×109

108

2×106

8×104

5×103

4×103

100

60

8

3

10−3

P = W / t = E / t E
t

E = Pt.

(kW ⋅ h),

kW ⋅ h

E E = Pt
kW ⋅ h kW

kW ⋅ h

E = Pt = (0.200 kW)(6.00 h/d)(30.0 d)
= 36.0 kW ⋅ h,



cost = (36.0 kW ⋅ h)($0.120 per kW ⋅ h) = $4.32 per month.



KE + PE

Time = energy
⎛
⎝
energy
time

⎞
⎠

= 1000 kJ
400 W = 2500 s = 42 min.

Fat loss = (1000 kJ)⎛⎝
1.0 g fat

39 kJ
⎞
⎠ = 26 g,





CO2







1 hp = 746 W

(kW ⋅ h)

1
2mv2

m v

1
2kx2 x k

1 W = 1 J/s

W F F d
θ

W = Fd cos θ.
1 J = 1 N ⋅ m = 1 kg ⋅ m2/s2



Wnet

m v KE = 1
2mv2

Wnet

Wnet = 1
2mv2 − 1

2mv0
2

ΔPEg ΔPEg = mgh h g

ΔPEg

ΔKE= −ΔPEg

(PE) PEg

PEs = 1
2kx2 k x

KE + PE

KE + PE = constant    
or

KEi + PEi = KEf + PEf

⎫
⎭
⎬

Wnc
Wnc = ΔKE + ΔPE KEi + PEi + Wnc = KEf + PEf

KEi + PEi + Wnc + OEi = KEf + PEf + OEf OE

Eff Eff = Wout
Ein

Wout Ein

P W t



P = W / t
1 W = 1 J/s

1 hp = 746 W







20.0º

25.0º

60.0º



50.0 km3

mass = 5.00×1013 kg)

7 × 109  kg

ΔPE >> KEi
ΔPE KEi

30º

5.00×105-kg

k

2.50×104 N/m



2.5º

1011

kW ⋅ h

kW ⋅ h

5.00 kW ⋅ h

6.00×106 J



kW ⋅ h

8.00×104 J

1.00×10−3 W

1.50×105

2.00º

4.00×1026 W.)

1.30 kW/m2

km2

(1.05×1020 J)? (5.4×1018 J)?

(6.3×1019 J)?

2.10×105  J



7×109 kg



3.0º

0.800 m/s2


