




























10
101 , 102 , 103

10 800 8×102

450 4.5×102. 800 450 102.
10−9  m,

109  m.



1018 1018  m

1015 1015  s

1012 1012  W

109 109  Hz

106 106  Ci

103 103  m

102 102  L

101 101  g

100

10−1 10−1  L

10−2 10−2  m

10−3 10−3  m

10−6 10−6  m

10−9 10−9  g

10−12 10−12  F

10−15 10−15  m

10−18 10−18  s



80m× 1 km
1000m = 0.080 km.



10−18 10−30 ⎛
⎝9.11×10−31  kg⎞

⎠ 10−23

10−15 10−27 ⎛
⎝1.67×10−27  kg⎞

⎠ 10−22

10−14 10−15 10−15

10−10 10−5 10−13

10−8 10−2 10−8

10−6 1 10−3

10−3 102 1

1 103 105 ⎛
⎝8.64×104 s⎞⎠

102 108 107 ⎛
⎝3.16×107 s⎞⎠

104 1012 109

107 1015 1011

1011 1023 ⎛
⎝7.35×1022  kg⎞

⎠ 1017

1016 1025 ⎛
⎝5.97×1024  kg⎞

⎠ 1018

1021 1030 ⎛
⎝1.99×1030  kg⎞

⎠

1022 1042

1026 1053

average speed = distance
time .

average speed = 10.0 km
20.0 min = 0.500  km

 min.

60 min/hr

average speed =0.500  km
 min×60 min

1 h = 30.0 km
 h .



 km
min× 1 hr

60 min = 1
60

 km ⋅ hr
 min2 ,

Average speed = 30.0km
h × 1 h

3,600 s×1,000 m
1 km ,

Average speed = 8.33m
s .

10−3





A δA A
A ± δA 11 in. ± 0.2.

3.0ºC 37.0ºC
34.0ºC 40.0ºC 3.0ºC

A δA

% unc =δA
A ×100%.



5-lb

4.8 lb
5.3 lb
4.9 lb
5.4 lb

5-lb ±0.4 lb

A δA

% unc =δA
A ×100%.

% unc =0.4 lb
5 lb ×100% = 8%.

5 lb ± 8%

4.00 m 3.00 m
2% 1% 12.0 m2 3%

0.36 m2 0.4 m2

±0.05 s
11.49 s 15.01 s

12.04 s 12.07 s

36.7 cm 36.71 cm

36.6 cm 36.7 cm

36.7 cm



6×103

103

A = πr2

r = 1.2 m

A = πr2 = (3.1415927...)×(1.2 m)2 = 4.5238934 m2

A=4.5 m2,

π

7.56 kg
- 6.052 kg
+13.7 kg

15.208 kg = 15.2 kg.

c = 2πr



F m a
0.0255 m/s2

2 m
1 person×2 person

1 story ×39 stories = 156 m.



volume of stack = length×width×height,
volume of stack = 6 in.×3 in.×0.5 in.,
volume of stack = 9 in.3 .

$1×1012, $100

$10,000, $1×104

$1×1012(a trillion dollars)/ $1×104 per stack = 1×108 stacks.

100 yd×50 yd, 5,000 yd2.

Area = 5,000 yd2× 3 ft
1 yd× 3 ft

1 yd×12 in.
1 ft ×12 in.

1 ft = 6,480,000 in.2 ,

Area ≈ 6×106 in.2 .

6×106 in.2

$100 9 in.3 / stack×108 stacks = 9×108 in.3.

volume of bills = area of field×height of money:

Height of money = volume of bills
area of field ,

Height of money = 9×108in.3

6×106in.2 = 1.33×102 in.,

Height of money ≈ 1×102 in. = 100 in.

100 in.× 1 ft
12 in. = 8.33 ft ≈ 8 ft.



420 m2





33 m/s
90 km/h

1.0 m/s = 3.6 km/h
1.0 m/s = 3.6 km/h.

342 m/s

5.0%
90 km/h

(1 km = 0.6214 mi)

130 ± 5

(106.7)(98.2) / (46.210)(1.01)

(18.7)2 ⎛
⎝1.60×10−19⎞⎠(3712)

2.0 km/h
90 km/h

60 km/h

120 ± 2 mm Hg

80 mm Hg

30 s 40 ± 1 30.0 ± 0.5 s

3.102 cm

42.188-km 2 h
12 s 25 m

1.80 ± 0.01 cm 2.05 ± 0.02 cm, and 3.1 ± 0.1 cm

1 lbm = 0.4539 kg 0.0001 kg

3.955 ± 0.005 m 3.050 ± 0.005 m

7.500 ± 0.002 cm 3.250 ± 0.001 cm

10−22  s

10−27  kg

10−15  kg.









Δx = xf − x0,

Δx xf x0

Δ Δx
x0 xf



x +2.0 m

x −4.0-m

x0 = 1.5 m xf = 3.5 m

Δx = xf −x0 = 3.5 m − 1.5 m = + 2.0 m.

x0 = 6.0 m xf = 2.0 m

Δx = xf −x0 = 2.0 m − 6.0 m = −4.0 m.

x



Δx = xf − x0 = −1 km

3 km + 2 km = 5 km

1 km

x

( + ) ( − )

20ºC
−20ºC



( + ) ( − )



Δt

Δt = tf − t0,

Δt tf t0
Δ

t0
t0 = 0 Δt = tf ≡ t

(t0 = 0)
t (Δt = tf ≡ t)

v- = Δx
Δt = xf − x0

tf − t0
,

v- v Δx xf x0
tf t0 t0

v- = Δx
t .

v- = Δx
t = −4 m

5 s = − 0.8 m/s.

v
v t







xf = x0

distance
time = 80 miles

105 minutes
80 miles

105 minutes×5280 feet
1 mile × 1 meter

3.28 feet× 1 minute
60 seconds = 20 m/s

a- = Δv
Δt = vf − v0

tf − t0
,

a- v t a

m/s2

Δv





Δv Δt

a- = Δv
Δt = vf − v0

tf − t0

v0 = 0 vf = −15.0 m/s Δt = 1.80 s

− 15.0 m/s
Δv = vf = −15.0 m/s

Δv Δt a-

a- = Δv
Δt = −15.0 m/s

1.80 s = −8.33 m/s2.

8.33 m/s2

8.33 m/s2

a

1.8 m/s2



+3.0 m/s2 –2.0 m/s2

x − x0
xf Δx x′0 x′f Δx′ −1.5 km

Δx = xf − x0



xf = 6.70 km x0 = 4.70 km x′f = 3.75 km x′0 = 5.25 km

Δx = xf − x0 = 6.70 km − 4.70 km= +2.00 km

Δx′ = x′f − x′0 = 3.75 km − 5.25 km = − 1.50 km

−1.5 km.

v0 = 0 vf = 30.0 km/h Δt = 20.0 s

Δv Δv= +30.0 km/h

a-

a- = Δv
Δt = +30.0 km/h

20.0 s



a- = ⎛
⎝+30 km/h

20.0 s
⎞
⎠
⎛
⎝103 m

1 km
⎞
⎠⎛⎝ 1 h

3600 s
⎞
⎠ = 0.417 m/s2

v0 = 30.0 km/h vf = 0 km/h Δt = 8.00 s

Δv

Δv = vf − v0 = 0 − 30.0 km/h = −30.0 km/h

Δv Δt a-

a- = Δv
Δt = −30.0 km/h

8.00 s

a- = Δv
Δt = ⎛

⎝−30.0 km/h
8.00 s

⎞
⎠
⎛
⎝103 m

1 km
⎞
⎠⎛⎝ 1 h

3600 s
⎞
⎠ = −1.04 m/s2.





x′f = 3.75 km x′0 = 5.25 km Δt = 5.00 min

Δx′ Δx′ − 1.5 km

v- = Δx′
Δt = −1.50 km

5.00 min

v- = Δx′
Δt = ⎛

⎝−1.50 km
5.00 min

⎞
⎠
⎛
⎝60 min

1 h
⎞
⎠ = −18.0 km/h

v0 = −20 km/h vf = 0 km/h Δt = 10.0 s

Δv

Δv = vf − v0 = 0 − (−20 km/h)=+20 km/h.

a-

a- = Δv
Δt = +20.0 km/h

10.0 s

a- = ⎛
⎝+20.0 km/h

10.0 s
⎞
⎠
⎛
⎝103 m

1 km
⎞
⎠⎛⎝ 1 h

3600 s
⎞
⎠= +0.556 m/s2



v a

Δt = tf − t0 t0 = 0 Δt = tf
x0 v0

t x v
Δt = t Δx = x − x0

Δv = v − v0



Δt = t
Δx = x − x0
Δv = v − v0

⎫
⎭
⎬

a- = a = constant,

a

Δx x a

v- = Δx
Δt .

Δx Δt

v- = x − x0
t .

x

x = x0 + v- t,

v- = v0 + v
2 (constant a).

v- = v0 + v
2 v

v- = v0 + v
2

v- = v0 + v
2 = 30 km/h + 60 km/h

2 = 45 km/h,

x

x = x0 + v- t.

x x0 v- t



v- = 4.00 m/s Δt = 2.00 min x0 = 0 m

x = x0 + v- t = 0 + (4.00 m/s)(120 s) = 480 m

x = x0 + v- t
v- v-

v- 2

t

a = Δv
Δt

Δv Δt

a = v − v0
t (constant a).

v

v = v0 + at (constant a).

1.50 m/s2



v0 = 70.0 m/s a = −1.50 m/s2 t = 40.0 s

vf

v = v0 + at

v = v0 + at = 70.0 m/s + ⎛
⎝−1.50 m/s2⎞⎠(40.0 s) = 10.0 m/s

v = v0 + at

(v = v0)
a



a ≠ 0

v = v0 + at.

v0

v0 + v
2 = v0 + 1

2at.

v0 + v
2 = v-

v- = v0 + 1
2at.

v- x = x0 + v- t

x = x0 + v0t + 1
2at2 (constant a).

26.0 m/s2

x x0

x = x0 + v0t + 1
2at2 v0 a t

v0 = 0 a 26.0 m/s2 t



x

x = x0 + v0t + 1
2at2.

x = 1
2at2.

a t

x = 1
2
⎛
⎝26.0 m/s2⎞⎠(5.56 s)2 ,

x = 402 m.

x = x0 + v0t + 1
2at2?

v0 = v- x = x0 + v0t + 1
2at2 x = x0 + v0t

a ≠ 0

v = v0 + at t

t = v − v0
a .

v- = v0 + v
2 x = x0 + v- t

v2 = v0
2 + 2a(x − x0) (constanta).

v2 = v0
2 + 2a(x − x0)

v0 = 0 x − x0 = 402 m

a = 26.0 m/s2

v2 = v0
2 + 2a(x − x0) v.



v2 = 0 + 2⎛
⎝26.0 m/s2⎞⎠(402 m).

v2 = 2.09×104 m2 /s2.
v

v = 2.09×104 m2 /s2 = 145 m/s.

v2 = v0
2 + 2a(x − x0)

a
x = x0 + v- t

v- = v0 + v
2

v = v0 + at

x = x0 + v0t + 1
2at2

v2 = v0
2 + 2a(x − x0)

7.00 m/s2 5.00 m/s2



v0 = 30.0 m/s v = 0 a = −7.00 m/s2 a
x0 Δx x − x0

v2 = v0
2 + 2a(x − x0).

x
x t

x

x − x0 =
v2 − v0

2

2a

x − 0 = 02 − (30.0 m/s)2

2⎛
⎝−7.00 m/s2⎞⎠

x = 64.3 m on dry concrete.

– 5.00 m/s2

xwet = 90.0 m on wet concrete.

v- = 30.0 m/s treaction = 0.500 s areaction = 0 x0 − reaction
xreaction

x = x0 + v- t x

x = 0 + (30.0 m/s)(0.500 s) = 15.0 m.

xbraking + xreaction = xtotal



2.00 m/s2

t
t

v0 = 10 m/s a = 2.00 m/s2 x = 200 m

t x = x0 + v0t + 1
2at2

t
t

200 m = 0 m + (10.0 m/s)t + 1
2
⎛
⎝2.00 m/s2⎞⎠ t2

t = t s t

200 = 10t + t2.
t



t2 + 10t − 200 = 0

at2 + bt + c = 0,

a = 1.00, b = 10.0, and c = −200

t = −b ± b2 − 4ac
2a .

t

t = 10.0 and−20.0.
t = t

t = 10.0 s and − 20.0 s.

t = 10.0 s.

a- = Δv / Δt

20 m/s2

t a v0 v

v = v0 + at

t

t = v − v
a = 400 m/s − 0 m/s

20 m/s2 = 20 s





0.40 m/s2

v = v0 + at = 0 + ⎛
⎝0.40 m/s2⎞⎠(100 s) = 40 m/s.

⎛
⎝40 m

s
⎞
⎠
⎛
⎝3.28 ft

m
⎞
⎠
⎛
⎝ 1 mi
5280 ft

⎞
⎠
⎛
⎝60 s
min

⎞
⎠
⎛
⎝60 min

1 h
⎞
⎠ = 89 mph

0.40 m/s2

0.40 m/s2

1.67 m/s2

g

g = 9.80 m/s2.



g 9.78 m/s2 9.83 m/s2

9.80 m/s2

a
+g −g

a = −g = −9.80 m/s2 a = g = 9.80 m/s2

g
y x

v = v0 - gt

y = y0 + v0t - 1
2gt2

v2 = v0
2 - 2g(y − y0)

y y0

a

y1 v1 y2 v2 y3 v3

y1

y0 = 0 v0 = 13.0 m/s a = −g = −9.80 m/s2 t = 1.00 s

y = y0 + v0t + 1
2at2 y y1

y1

y = 0 + (13.0 m/s)(1.00 s) + 1
2
⎛
⎝−9.80 m/s2⎞⎠(1.00 s)2 = 8.10 m

t = 1.00 y1 > y0 v1

v1



y0 = 0 v0 = 13.0 m/s a = −g = −9.80 m/s2 t = 1.00 s
y1 = 8.10 m

v = v0 − gt v = v0 + at
a = gravitational acceleration = −g

v1 = v0 − gt = 13.0 m/s − ⎛
⎝9.80 m/s2⎞⎠(1.00 s) = 3.20 m/s

v1 t = 1.00 s

t = 2.00 s 3.00 s

1.00 s 8.10 m 3.20 m/s −9.80 m/s2

2.00 s 6.40 m −6.60 m/s −9.80 m/s2

3.00 s −5.10 m −16.4 m/s −9.80 m/s2



y1 v1
y3 v3

−9.80 m/s2 −9.80 m/s2

y



y0 = 0

y0 = 0 y1 = − 5.10 m v0 = −13.0 m/s a = −g = −9.80 m/s2

v2 = v0
2 + 2a(y − y0)

v y1 y

v2 = (−13.0 m/s)2 + 2⎛
⎝−9.80 m/s2⎞⎠(−5.10 m − 0 m) = 268.96 m2 /s2,

v = ±16.4 m/s.

v = −16.4 m/s.

±3.20 m/s



13.0 m/s
y = 0 −13.0 m/s

y = −5.10 m +13.0 m/s
−13.0 m/s y = 0



a



y0 = 0 y = –1.0000 m t = 0.45173 v0 = 0

a

y = y0 + v0t + 1
2at2

v0 a v0

y = y0 + 1
2at2.

a

a = 2(y − y0)
t2 .

a = 2( − 1.0000 m – 0)
(0.45173 s)2 = −9.8010 m/s2 ,

a = −g

g = 9.8010 m/s2.

a
9.80 m/s2 9.8010 m/s2

g 9.80 m/s2

y0 = 0 y = −30.0 m a = −g = −9.80 m/s2

y = y0 + v0t + 1
2at2 t a = −g

y = 0 + 0 − 1
2gt2

t2 = 2y
−g

t = ± 2y
−g = ± 2( − 30.0 m)

−9.80 m/s2 = ± 6.12 s2 = 2.47 s ≈ 2.5 s

y = bx



x y

y = mx + b.

m b

y = mx + b

x t

v-

x0 y = mx + b

x = v- t + x0

x = x0 + v- t.

x t v

slope = Δx
Δt = v



t

x t

slope = Δx
Δt = v- .

x t (Δ)

v- = Δx
Δt = 2000 m − 525 m

6.4 s − 0.50 s ,

v- = 250 m/s.

a a ≠ 0



x t

v t 5.0 m/s2



x t

x t

t = 25 s

t = 25 s

v

slope = vQ =
ΔxQ
ΔtQ

= (3120 m − 1300 m)
(32 s − 19 s)

vQ = 1820 m
13 s = 140 m/s.

v t = 25 s vQ v
t

v t
Δv Δt



v t a

slope = Δv
Δt = a

y = mx + b

y V b v0 m a x t

v = v0 + at.

5.0 m/s2 x t
t = 55 s



v t

t = 25 s

a

slope = Δv
Δt = (260 m/s − 210 m/s)

(51 s − 1.0 s)

a = 50 m/s
50 s = 1.0 m/s2.



a t = 25 s

y

x



y x

y- x y

Δx

Δx = xf − x0,
x0 xf Δ

Δt = tf − t0,
tf t0

t
v-

v- = Δx
Δt = xf − x0

tf − t0
.

v

a-

a- = Δv
Δt = vf − v0

tf − t0
.

m/s2

a



a- = a

Δt = t
Δx = x − x0
Δv = v − v0

⎫
⎭
⎬

a

x = x0 + v- t

v- = v0 + v
2

v = v0 + at

x = x0 + v0t + 1
2at2

v2 = v0
2 + 2a(x − x0)

y x

g

g = 9.80 m/s2.
+g −g

a = −g = −9.80 m/s2 a = +g = 9.80 m/s2

+g −g a

x t v
v t a

50 μm/s ⎛
⎝50×10−6 m/s⎞⎠

− 10 m / s



−5ºC

g

ta
tb tc td te



ta tb tc

ta tb tc





3.84×106 m

25.0º

(3.00×108 m/s)

1.06×10−10 m
2.20×106 m/s

g (9.80 m/s2)

1.40 m/s2

m/s2

g (9.80 m/s2)?

4.50 m/s2

2.10×104 m/s2 (1 ms = 10−3 s)

6.20×105 m/s2 8.10×10−4 s

1.35 m/s2



1.65 m/s2

m/s2

2.40 m/s2

2.00 m/s2

3.33×10−2 s

0.0500 m/s2

0.550 m/s2

0.350 m/s2

m/s2

g ⎛
⎝g = 9.80 m/s2⎞⎠

g

0.150 m/s2

0.500 m/s2

y0 = 0



(8.00×10−5 s)

(3.50×10−3 s)

t = 20 s

5.0 m/s2

t = 10.0 s



t = 30.0 s

3.2 m/s2 t = 10 s

t = 2.5 s

v(t)

t = 5 s







a2  + b2  = c2

a b c

a2 + b2 = c2 c c = a2 + b2

(9 blocks)2+ (5 blocks)2= 10.3 blocks





D
D θ

F
F

θ



29.1º

D
θ D

D θ 29.1º

D D
θ 29.1º





49.0º 15.0º

A B C

R

R

R R



R 7.0º
R = 50.0 m θ = 7.0º

A + B = B + A.

2 + 3 3 + 2

B A A – B
B –B

B –B



B –B

B A –B A

A – B = A + (–B).

5 – 2 = 5 + (–2)

66.0º
112º 22.0º

A B
A + B B

180º – 112º = 68º –B –B B
A + (–B) A – B

A + B
A + (–B)



A –B

R
R

R = 23.0 m θ = 7.5º

A B R '

R = 52.9 m θ = 90.1º

3 × 27.5 m
66.0º

A
c

c A
c
c

c = 3 A = 27.5 m



29.0º

A
Ax Ay

A Ax Ay

Ax Ay A A Ax Ay

Ax  + Ay = A.

Ax = 3 m Ay = 4 m A = 5 m
Ax  + Ay = A

3 m + 4 m ≠  5 m



Ax + Ay ≠ A

A A θ Ax Ay

Ax = A cos θ

Ay = A sin θ.

Ax Ay A θ
Ax = A cos θ Ay = A sin θ

A

Ax = A cos θ Ay = A sin θ

A = 10.3 θ = 29.1º

Ax = A cos θ = ⎛
⎝10.3 blocks⎞

⎠
⎛
⎝cos 29.1º⎞⎠ = 9.0 blocks

Ay = A sin θ = ⎛
⎝10.3 blocks⎞⎠⎛⎝sin 29.1º⎞⎠ = 5.0 blocks.

Ax Ay A A A
θ Ax Ay

A = Ax2 + Ay2

θ = tan−1(Ay / Ax).



Ax Ay

A = Ax
2 + Ay

2

Ax Ay A = 92 +52=10.3

θ = tan–1(5/9)=29.1º

Ax = A cos θ Ay = A sin θ A θ Ax

Ay A = Ax
2 + Ay

2 θ = tan–1(Ay / Ax)

Ax Ay A θ

A B
R

A B R
R

A B R
R.

Rx Ry Rx Ry R θ

A = Ax
2 + Ay

2 θ = tan–1(Ay / Ax)

Ax = A cos θ Ay = A sin θ Ax Ay

Bx By A B θA θB



A B Ax Ay Bx By

Rx = Ax + Bx

Ry = Ay + By.

Ax Bx Rx
Ay By Ry

R
R

R = Rx
2 + Ry

2.

θ = tan−1(Ry / Rx).

A B
A 53.0 m

20.0º B 34.0 m 63.0º



A 53.0 m 20.0 º B 34.0 m 63.0º
R

A B

A B A = 53.0 m θA = 20.0º
B = 34.0 m θB = 63.0º Ax = A cos θ

Ax = A cos θA = (53.0 m)(cos 20.0º)
= (53.0 m)(0.940) = 49.8 m

Bx = B cos θB = (34.0 m)(cos 63.0º)
= (34.0 m)(0.454) = 15.4 m.

Ay = A sin θA

Ay = A sin θA = (53.0 m)(sin 20.0º)
= (53.0 m)(0.342) = 18.1 m

By = B sin θB = (34.0 m)(sin 63.0 º )
= (34.0 m)(0.891) = 30.3 m.

Rx = Ax + Bx = 49.8 m + 15.4 m = 65.2 m

Ry = Ay + By = 18.1 m+30.3 m = 48.4 m.

R = Rx
2 + Ry

2 = (65.2)2 + (48.4)2 m

R = 81.2 m.

θ = tan−1(Ry / Rx)=+tan−1(48.4 / 65.2).

θ = tan−1(0.742) = 36.6 º .



R 81.2 m 36.6º

A − B ≡ A + (–B)
–B B

A − B = R
Rx = Ax + ⎛

⎝ – Bx
⎞
⎠

Ry = Ay + ⎛
⎝ – By

⎞
⎠

–B B



s x y
A Ax

Ay s sx sy

x y

ay = – g = – 9.80 m/s2

ax = 0

a
x = x0 + v- t

v- = v0 + v
2

v = v0 + at

x = x0 + v0t + 1
2at2

v2 = v0
2 + 2a(x − x0).

s s x y
s θ

Ax = A cos θ Ay = A sin θ s x y.
v vx = v cos θ vy = v sin θ, v θ

Horizontal Motion(ax = 0)
x = x0 + vxt

vx = v0x = vx = velocity is a constant.

Vertical Motion(assuming positive is up ay = −g = −9.80m/s2)



y = y0 + 1
2(v0y + vy)t

vy = v0y − gt

y = y0 + v0yt − 1
2gt2

vy
2 = v0y

2 − 2g(y − y0).

t

s v
A = Ax

2 + Ay
2

θ = tan−1(Ay / Ax) θ s θv v

s = x2 + y2

θ = tan−1(y / x)

v = vx
2 + vy

2

θv = tan−1(vy / vx).



ax = 0 vx

75.0º

ax = 0 ay = – g x0 y0

y
vy = 0 y

vy
2 = v0y

2 − 2g(y − y0).



y0 vy

0 = v0y
2 − 2gy.

y

y =
v0y

2

2g .

v0y v0y = v0 sin θ v0y

θ0 = 75.0º

v0y = v0 sin θ0 = (70.0 m/s)(sin 75º) = 67.6 m/s.

y

y = (67.6 m/s)2

2(9.80 m/s2)
,

y = 233m.

y = y0 + 1
2(v0y + vy)t y0

y = 1
2(v0y + vy)t.

vy

t = 2y
(v0y + vy)

= 2(233 m)
(67.6 m/s)

= 6.90 s.



y = y0 + v0yt − 1
2gt2 t

ax = 0
x = x0 + vxt x0

x = vxt,

vx vx = v0 cos θ0 .

vx = v0 cos θ0 = (70.0 m/s)(cos 75.0º) = 18.1 m/s.

t x

x = (18.1 m/s)(6.90 s) = 125 m.

y
y = h

h =
v0y

2

2g .

x y x0 = 0 y0 = 0
x y

g

g

35.0º

t



v θv t

y = y0 + v0yt − 1
2gt2.

y0 y = −20.0 m.
v0y = v0 sin θ0 25.0 m/s sin 35.0º 14.3 m/s

−20.0 m = (14.3 m/s)t − ⎛
⎝4.90 m/s2⎞⎠t2.

t
⎛
⎝4.90 m/s2⎞⎠t2 − (14.3 m/s)t − (20.0 m) = 0.

at2 + bt + c = 0 a = 4.90 b = – 14.3 c = – 20.0.

t = −b ± b2 − 4ac
2a .

t = 3.96 t = – 1.03
t = 3.96 s – 1.03 s

t = 3.96 s.

vx vy

v θ0 vx

vx = v0 cos θ0 = (25.0 m/s)(cos 35º) = 20.5 m/s.

vy = v0y − gt,

v0y 14.3 m/s

vy = 14.3 m/s − (9.80 m/s2)(3.96 s)

vy = −24.5 m/s.

v

v = vx
2 + vy

2 = (20.5 m/s)2 + ( − 24.5 m/s)2,

v = 31.9 m/s.

θv

θv = tan−1(vy / vx)

θv = tan−1( − 24.5 / 20.5) = tan−1( − 1.19).

θv = −50.1 º .



50.1º

R

v0 θ0
15º 75º

v0
θ0

θ0 = 45º
38º 45º

90º g
R

R =
v0

2 sin 2θ0
g ,

v0 θ0

R





A B
R A + B = R R

B A B −B
A – B = A + (–B) = R R

A + B = B + A

A c cA c
A c A

A B

Ax = A cos θ
Bx = B cos θ

Ay = A sin θ
By = B sin θ.

Rx Ry R

Rx = Ax + Bx

Ry = Ay + By.

R R

R = Rx
2 + Ry

2.

θ R

θ = tan−1(Ry / Rx).

s x y v vx = v cos θ
vy = v sin θ v θ

Horizontal motion(ax = 0)

x = x0 + vxt

vx = v0x = vx = velocity is a constant.

Vertical motion(Assuming positive direction is up; ay = −g = −9.80 m/s2)



y = y0 + 1
2(v0y + vy)t

vy = v0y − gt

y = y0 + v0yt − 1
2gt2

vy
2 = v0y

2 − 2g(y − y0).

s = x2 + y2

θ = tan−1(y / x)

v = vx
2 + vy

2

θv = tan−1(vy / vx).



A B

A + B

A B

A B A B B
A

0º 90º

t = 0 t = 0

0º 90º



A B
R = A + B

A B
R R θ

20º
40.0º

A B
R = A + B

B 40º
A 20º

A + B = B + A

40.0º
B A R′ = A − B

40.0º 20.0º
A B

R′′ = B - A = - R′

A B C
A + B + C

A B C

vA vB

vA vB vtot

vtot

vtot
30º



A B

R = A + B

A B
R R θ

B + A = A + B

7.50 km 15º

25.0 m
B A R′ = A – B

25.0 m 18.0 m
A B

A = B + C

A B
C

32.0 km 35.0º

45.0º
45.0º

45º

A, B, C

D



2.50 km 45.0º
4.70 km 60.0º 1.30 km 25.0º

5.10 km 1.70 km 5.00º
7.20 km 55.0º 2.80 km 10.0º

40.0 km 60º
30.0 km 15º

R
θ

30.0º
x y

32º
40.0 m/s (144 km/h)

θ = 45º

6.37×103 km

H
60º

g

θ
θ

25º

30.0º

40º



38.0º

45º
38º

45º

5.00 m/s

45.0º

y = ax + bx2

x = v0x t t

y = v0yt – (1 / 2)gt2 x y

y = ax + bx2 a b

R =
v0

2 sin 2θ0
g

t y
t x − x0 R = x − x0







10−9 m



x
Δx Frestore Frestore

Frestore





w N
f

Fnet

a′ > a

w N f

Fnet

a ∝ Fnet ,

∝ Fnet

a ∝ 1
m

m



a = Fnet
m .

Fnet = ma.

Fnet = ma.

Fnet = ma
1m/s2 Fnet = ma

1 N = 1 kg ⋅ m/s2.

w
w

w
g

m w
Fnet = ma

Fnet = w g
a = g

m
w = mg.



g = 9.80 m/s2

w = mg = (1.0 kg)(9.80 m/s2 ) = 9.8 N.

g

g

1.67 m/s2

m
g

1.67 m/s2 9.80 m/s2



Fnet m Fnet = ma

a a = Fnet
m

a = 51 N
24 kg

kg ⋅ m/s2

a = 51 kg ⋅ m/s2

24 kg = 2.1 m/s2.

T
49 m/s2,



T
N

w f

Fnet = ma,

Fnet

Fnet = 4T − f .

Fnet = ma = 4T − f .

4T = ma + f .

4T = ma + f = (2100 kg)(49 m/s2 ) + 650 N.

4T = 1.0×105 N,

T = 1.0×105 N
4 = 2.6×104 N.

g g 9.80 m/s2 g

45×9.80 m/s2 440 m/s2



Fwall on feet
Fwall on feet Ffeet on wall Ffeet on wall

Fwall on feet

Ffeet on wall
Ffeet on wall Fwall on feet

Ffeet on wall
Fwall on feet Fwall on feet w BF

w BF



f

Ffloor f
Fprof

Ffoot Ffloor

f Ffloor
Fprof Fcart Ffoot

a = Fnet
m .

Fnet = Ffloor − f = 150 N − 24.0 N = 126 N.

m = (65.0 + 12.0 + 7.0) kg = 84 kg.

Fnet m

a = Fnet
m ,

a = 126 N
84 kg = 1.5 m/s2 .



Fprof Fprof

Fprof

a = Fnet
m

Fnet = Fprof − f ,

Fprof

Fprof = Fnet + f .

f Fnet

Fnet = ma,

m a = 1.5 m/s2

Fnet = ma,

Fnet = (19.0 kg)(1.5 m/s2 ) = 29 N.

Fprof = Fnet + f ,

Fprof = 29 N+24.0 N = 53 N.



Fhand w
N

N

N

N N N = 100 N

W



N w
w⊥ w ∥ N w⊥ f w ∥

⊥ ∥

w f N N
f w

w ∥ w⊥

w ∥ = w sin (25º) = mg sin (25º)

w⊥ = w cos (25º) = mg cos (25º)

w ∥ f

a ∥ =
Fnet ∥

m

Fnet ∥ = w ∥ = mg sin (25º)

a ∥ =
Fnet ∥

m = mg sin (25º)
m = g sin (25º)

(9.80 m/s2)(0.4226) = 4.14 m/s2

Fnet ∥ = w ∥ − f ,

a ∥ =
Fnet ∥

m

a ∥ =
Fnet ∣ ∣

m =
w ∥ − f

m = mg sin (25º) − f
m .

a ∥ = (60.0 kg)(9.80 m/s2)(0.4226) − 45.0 N
60.0 kg ,



a ∥ = 3.39 m/s2,

a = g sinθ

θ
w⊥ w ∥

w⊥ N w ∥

f
θ

w ∥ = w sin (θ) = mg sin (θ)

w⊥ = w cos (θ) = mg cos (θ).

θ w w⊥

cos (θ) = w⊥
w

w⊥ = w cos (θ) = mg cos (θ)

sin (θ) =
w ∥
w

w ∥ = w sin (θ) = mg sin (θ)



T

Fnet = 0 w T

Fnet = T − w = 0,

T w

T = w = mg.

T = mg = (5.00 kg)(9.80 m/s2 ) = 49.0 N.



T
T T

w TL TR

TL TR
TL TR

x y



T w

x

Fnetx = TLx − TRx.

Fnetx = 0

Fnetx = 0 = TLx − TRx
TLx = TRx .

TL TR

cos (5.0º) = TLx
TL

TLx = TL cos (5.0º)

cos (5.0º) = TRx
TR

TRx = TR cos (5.0º).

TLx TRx

TL cos (5.0º) = TR cos (5.0º).

TL = TR = T ,

y T
Fy = 0

Fnety = TLy + TRy − w = 0.

TLy TRy T

TL = TR = T

sin (5.0º) =
TLy
TL

TLy = TL sin (5.0º) = T sin (5.0º)

sin (5.0º) =
TRy
TR

TRy = TR sin (5.0º) = T sin (5.0º).

TLy TRy

Fnety = TLy + TRy − w = 0
Fnety = T sin (5.0º) + T sin (5.0º) − w = 0
2 T sin (5.0º) − w = 0
2 T sin (5.0º) = w



T = w
2 sin (5.0º) = mg

2 sin (5.0º),

T = (70.0 kg)(9.80 m/s2)
2(0.0872) ,

T = 3900 N.

T = w
2 sin (θ).

T F⊥

T = F⊥
2 sin (θ).

θ T θ
θ = 0

sin θ = 0

T = F⊥
2 sin (θ)

θ T
F⊥



Fnet m

a a = Fnet
m



w m w = mg g

a

a = Fnet
m

Fnet = ma
w m

g
w = mg.

N

N = mg.
θ

w⊥ w ∥

w ∥ = w sin (θ) = mg sin (θ)

w⊥ = w cos (θ) = mg cos (θ).
T

T = mg.







4.20 m/s2

0.893 m/s2

F
F

196 m/s2

2.4×104

3.50 m/s2

49.0 m/s2

201 m/s2

2.40×104 m/s2

1.20 m/s2

7.50 m/s2



8.00×10−5 kg

12º

1.50 m/s2

F⊥

T = F⊥
2 sin (θ)

T1
T2







T FT
w

FT
FT T = - w



Fnet = ma

Fnet x = ma,

Fnet y = 0.

2.7×105 N
3.6×105 N

Fx Fy Fapp

Fapp

5.0×106 kg 7.5×10−2 m/s2

Fapp

Fapp =Fx + Fy

FD Fapp

Fapp FD



Fx Fy Fapp

Fapp = Fx
2 + Fy

2

Fapp = (2.7×105 N)2 + (3.6×105 N)2 = 4.5×105 N.

θ = tan−1⎛⎝
Fy
Fx

⎞
⎠

θ = tan−1⎛⎝3.6×105 N
2.7×105 N

⎞
⎠ = 53º,

FD Fapp

Fapp Fapp

Fnet = Fapp − FD.

Fnet = ma.

Fapp − FD = ma.

FD

FD = Fapp − ma.

FD = (4.5×105 N) − (5.0×106 kg)(7.5×10–2 m/s2 ) = 7.5×104 N.

FD Fapp 53º

FD



T1 T2

Fnetx = T2x − T1x = 0.

T1x = T2x.

T1 T2

T1 cos (30º) = T2 cos (45º).



T2 = (1.225)T1.

T1 T2 T2
T1 T1

Fnet y = T1y + T2y − w = 0.

T1y + T2y = w.

T1 sin (30º) + T2 sin (45º) = w.

T2 T1

T1(0.500) + (1.225T1)(0.707) = w = mg,

(1.366)T1 = (15.0 kg)(9.80 m/s2).

T1

T1 = 108 N.

T2 T2 T1

T2 = 132 N.

1.20 m/s2



T w ws
we Fs Fp Ft

N

Fp

w Fs Fp Fs

Fs

Fnet = ma.

Fnet = Fs − w

Fs − w = ma.

Fs

Fs = ma + w,

w = mg

Fs = ma + mg.

a = 1.20 m/s2

Fs = (75.0 kg)(1.20 m/s2 ) + (75.0 kg)(9.80 m/s2),



Fs = 825 N.

Fnet = ma = 0 = Fs − w
Fs = w = mg
Fs = (75.0 kg)(9.80 m/s2)
Fs = 735 N.

a = Δv
Δt Δv = 0

Fs = ma + mg = 0 + mg.

Fs = (75.0 kg)(9.80 m/s2),

Fs = 735 N.

a

g



Δv = 8.00 m/s
Δt = 2.50 s

a = Δv
Δt .

a = 8.00 m/s
2.50 s

= 3.20 m/s2.

Fnet = ma.

m a

Fnet = (70.0 kg)(3.20 m/s2)
= 224 N.



f

fs

fs ≤ μsN,

μs N

fs

fs ≤ μsN,

μs N

≤ μs N

fs(max)

fs(max) = μsN.

fk

fk = μkN,

μk fk = μkN

fk

fk = μkN,

μk

μ



μs μk

W = mg = (100 kg)(9.80 m/s2) = 980 N

fs(max) = μsN = (0.45)(980 N) = 440 N

fk = μkN = (0.30)(980 N) = 290 N



N fk = μkN

N f
w w⊥ W // N w⊥

f W //

N = w⊥ = w cos 25º = mg cos 25º.



fk = μkmg cos 25º,

μk

μk

μk = fk
N = fk

w cos 25º
= fk

mg cos 25º.

μk = 45.0 N
(62 kg)(9.80 m/s2)(0.906)

= 0.082.

m θ
fk = μkmg cos θ

fk = μkmg cos θ
mg sin θ

fk = Fgx

μk mg cos θ = mg sin θ.

μk

μk = mg sin θ
mg cos θ = tan θ.

μk θ
μk



1012

fk = μkN μk



fs ≤ μs N μs N

x Fnet x = 0
Fnet x = ma

Fnet = ma Fnet = 0

N
fs

fs ≤ μsN,
μs

fk

fk = μkN,
μk

g



5.00×105-kg

1.250×107 N 4.50×106 N

1.80 m/s2

8.00×104 -kg

5.50×104 kg

5.00×10–2 m/s2 7.50×105 N

1.75×104 N

0.150 m/s2

0.550 m/s2

F1 F2
Ftot

F1
F2

Ftot

F1 F2

F1 F2



Fapp

35.0º

1.20 m/s2

1.50×106 kg

2.00×106 N

1.20×10−5 N

0.500×10−6 N
6.00×10−7 kg



T2
T1

2.00×106 kg

3.50×107 N

10.0º

1.20 m/s2

0.600 m/s2

0.400 m/s2

1.00×103 kg

Ftot
F1

F2

Ftot
Ftot



θ a = g sin θ

fk = μkN
a = g( sin θ − μkcos θ).

(μk = 0).

5.0º

10.0º

θ = tan–1 μs
a = 0

6º 6º

μs = 0.100

4º 4º

μs = 0.100

8.00×105-kg

5.50×105 kg

5.00×10−2 m / s2 7.50×105 N

F







ac

Δv
ac = Δv / Δt ac Δθ

Δs Δr

r Δs
v1 = v2 = v

Δv
v = Δs

r .

Δv / Δt Δv

Δv = v
rΔs.

Δt

Δv
Δt = v

r×Δs
Δt .

Δv / Δt = ac Δs / Δt = v

ac = v2
r ,

r v
ac

ac

ac



(g) g

v r ac = v2
r

v = 25.0 m/s r = 500 m ac

ac = v2
r = (25.0 m/s)2

500 m = 1.25 m/s2.

(g = 9.80 m/s2) ac / g = ⎛
⎝1.25 m/s2⎞⎠ / ⎛⎝9.80 m/s2⎞⎠ = 0.128

ac = 0.128 g



F = ma
a = ac Fc

Fc = mac.

ac = v2
r Fc

Fc = mv2
r .

Fc ac

r

r = mv2

Fc
.

Fc r v Fc r′

Fc = mv2
r

Fc = mv2
r = (900 kg)(25.0 m/s)2

(500 m) = 1125 N.



μs N μs
N = mg

Fc = f = μsN = μsmg.

Fc = mv2
r ,

mv2
r = μsmg.

μs

μs = v2
rg .

μs = (25.0 m/s)2

(500 m)(9.80 m/s2)
= 0.13.

μs N

θ

θ
θ



θ
w N

mv2 /r

N sin θ = mv2
r .

N cos θ

N cos θ = mg.

N θ
N = mg / (cos θ)

mg sin θ
cos θ = mv2

r

mg tan(θ) = mv2
r

tan θ = v2
rg.

θ = tan−1⎛⎝v2
rg
⎞
⎠ (ideally banked curve, no friction).

θ v r θ v r

θ

tan θ = v2
rg



v = (rg tan θ)1 / 2.

v = ⎡
⎣(100 m)(9.80 m/s2)(2.14)⎤⎦

1 / 2

= 45.8 m/s.



m M r

F = GmM
r2 ,



F G G

G = 6.673×10−11N ⋅ m2

kg2

G F = GmM
r2

6.673×10−11 N

6×1024 kg

g 9.80 m/s2

F

mg = GmM
r2 ,

m M r
m g

g = GM
r2.

g =
⎛
⎝
⎜6.67×10−11N ⋅ m2

kg2

⎞
⎠
⎟× 5.98×1024 kg

(6.38×106 m)2,

g = 9.80 m/s2.



90º



90º



G

G

G

G
M

mg = GmM
r2 ,

m M r
m g

g = GM
r2.

M

M = gr2

G .

M r
G

G



m M

m M M
M m M



f1 f2

m M

T1
 2

T2
 2 =

r1
 3

r2
 3,

T r



m m
M

3.84×108 m

T1
 2

T2
 2 =

r1
 3

r2
 3

T2

r1 = 3.84×108 m T1 = 27.3 d
r2 = (1500 + 6380) km = 7880 km

T2

T1
 2

T2
 2 =

r1
 3

r2
 3.

T2

T2
 2 = T1

 2 ⎛
⎝
r2
r1

⎞
⎠

3

T2 = T1
⎛
⎝
r2
r1

⎞
⎠

3 / 2
.

T2 = 27.3 d×24.0 h
d ×⎛⎝ 7880 km

3.84×105 km
⎞
⎠

3 / 2

= 1.93 h.



m M
m

Fnet = mac = mv2
r .

m Fnet

GmM
r2 = mv2

r .

m

GM
r = v2.

m
r

T T v

v = 2πr
T .

GM
r = 4π2 r2

T 2 .

T 2

T 2 = 4π2

GMr3.

T1
 2

T2
 2 =

r1
 3

r2
 3.

M

T 2 = 4π2

GMr3 r3 / T 2 M

r3

T 2 = G
4π2M.

r T M
r3 / T 2

r3 / T 2 = GM / 4π2

r3 / T 2

r T



3.84×105 1.01×1018

5.79×107 3.34×1024

1.082×108 3.35×1024

1.496×108 3.35×1024

2.279×108 3.35×1024

7.783×108 3.35×1024

1.427×109 3.35×1024

4.497×109 3.35×1024

5.90×109 3.33×1024

4.22×105 3.19×1021

6.71×105 3.20×1021

1.07×106 3.19×1021

1.88×106 3.20×1021



ac
v

ac = v2
r .

m / s2

Fc
v

Fc = mac,

Fc = mv2
r .



F = GmM
r2 ,

G G = 6.673×10–11 N ⋅ m2/kg2

m M

T1
 2

T2
 2 =

r1
 3

r2
 3,

T r
M

T 2 = 4π2

GMr3

r3

T 2 = G
4π2M.



9.80 m/s2





4×109

1.5 ×1011

g

1.00×10−15 kg

θ v
r

θ = tan–1 v2 / rg

θ



θ
v r

10 g

θ
10 g

θ

g

9.830 m/s2

5.979×1024 kg

6.418×1023 kg

3.38×106 m



ac = v2 / r

6.29×1011 m

4.50×1012 m
1.4×1022 kg

2.50×1012 m
8.62×1025 kg

2.60 x 108 y

3.00 x 104

8.0×1011

6.0×104

6.0×107

90º



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 4.184 J 4184 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 / 4184 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





p = mv.

p v kg · m/s

p = mv.

p

p = mv

pplayer = ⎛
⎝110 kg⎞

⎠(8.00 m/s) = 880 kg · m/s

pball = ⎛
⎝0.410 kg⎞

⎠(25.0 m/s) = 10.3 kg · m/s

pplayer
pball

= 880
10.3 = 85.9.

Fnet = Δp
Δt ,

Fnet Δp Δt

Fnet = Δp
Δt



Fnet =ma
Δp

Δp = Δ⎛
⎝mv⎞

⎠.

Δ(mv) = mΔv.

Fnet = Δp
Δt = mΔv

Δt .

Δv
Δt = a

Fnet =ma

Fnet = Δp
Δt .

Δp = mΔv = m(vf − vi).

Δp Fnet = Δp
Δt

Δp = m(vf – vi)
= ⎛

⎝0.057 kg⎞
⎠(58 m/s – 0 m/s)

= 3.306 kg · m/s ≈ 3.3 kg · m/s

Fnet = Δp
Δt

Fnet = Δp
Δt = 3.306 kg ⋅ m/s

5.0×10−3 s
= 661 N ≈ 660 N,

Fnet = ma



Δp

Fnet = Δp
Δt

Δp = FnetΔt,

Fnet Δt

Δp = FnetΔt

Fnet Δt

30º 30º

x y

+x −x
y x

−x −x

u m x y

pxi = mu; pyi = 0

pxf = −mu; pyf = 0

x −2mu y



pxi = mu cos 30º; pyi = –mu sin 30º

pxf = – mu cos 30º; pyf = −mu sin 30º

px py x
−2mu cos 30º y

2mu
2mu cos 30º = 2

3
= 1.155.

x
x

Δt
Feff

t1 t2
Feff t1 t2

x y

m2)



m1).

m1 v1 m2 v2
v′1 v′2 ptot

Δp1 = F1Δt,

F1 Δt

Δp2 = F2Δt,

F2 Δt
F2 = – F1

Δp2 = −F1Δt = −Δp1.

Δp1 + Δp2 = 0.

p1 + p2 = constant,
p1 + p2 = p′1 + p′2,

p′1 p′2

ptot = constant,

ptot = p′tot,

ptot p′tot

⎛
⎝Fnet = 0⎞

⎠.



ptot = constant
ptot = p′tot (isolated system)

⎛
⎝Fnet = 0⎞

⎠.

Fnet = Δptot
Δt

⎛
⎝Fnet = 0⎞

⎠ Δptot = 0 ptot

x y z

Fx – net
Fy – net





p1 + p2 = p′1+ p′2
⎛
⎝Fnet = 0⎞

⎠

m1 v1 + m2v2 = m1v′1 + m2v′2
⎛
⎝Fnet = 0⎞

⎠,

1
2m1 v1

2 + 1
2m2 v2

2 = 1
2m1 v′1

2 + 1
2m2 v′2

2 (two-object elastic collision)

m1 = 0.500 kg, m2 = 3.50 kg, v1 = 4.00 m/s, and v2 = 0.

v′1 v′2

v2 = 0

v2 = 0

p1 = p′1 + p′2

m1 v1 = m1v′1 + m2v′2.

v2 = 0

1
2m1 v1

2 = 1
2m1 v′1

2 + 1
2m2 v′2

2.



v′2

v′2 = m1
m2

⎛
⎝v1 − v′1

⎞
⎠.

v′2 v′1

v′1 = 4.00 m/s

v′1 = −3.00 m/s.

(v′1 = −3.00 m/s) v′1

v′2 = m1
m2

⎛
⎝v1 − v′1

⎞
⎠ = 0.500 kg

3.50 kg
⎡
⎣4.00 − (−3.00)⎤

⎦ m/s

v′2 = 1.00 m/s.

1
2mv2 + 1

2mv2 = mv2



p1 + p2 = p′1 + p′2

m1 v1 + m2v2 = m1v′1 + m2v′2.

v2 = 0 v′1 = v′2 = v′

m1 v1 = (m1 + m2)v′.

v′



v′ = m1
m1 + m2

v1.

v′ = ⎛
⎝

0.150 kg
70.0 kg + 0.150 kg

⎞
⎠(35.0 m/s) = 7.48×10−2 m/s.

KEint
KEint

KEint = 1
2mv2 = 1

2
⎛
⎝0.150 kg⎞

⎠(35.0 m/s)2

= 91.9 J.

KE′int = 1
2(m + M)v2 = 1

2
⎛
⎝70.15 kg⎞

⎠
⎛
⎝7.48×10−2 m/s⎞⎠

2

= 0.196 J.

KE′int − KEint = 0.196 J − 91.9 J
= − 91.7 J

KEint



(c)
c

c c = (h / H)1 / 2 h H
c c = 0.85

m1

2.00 m/s m2
−0.500 m/s −4.00 m/s

Fnet = 0

m1 v1 + m2v2 = m1v′1 + m2v′2 .

v′2 v′2

v′2 = m1 v1 + m2v2 − m1 v′1
m2

=
⎛
⎝0.350 kg⎞

⎠(2.00 m/s) + ⎛
⎝0.500 kg⎞

⎠(−0.500 m/s)
0.500 kg −

⎛
⎝0.350 kg⎞

⎠(−4.00 m/s)
0.500 kg

= 3.70 m/s.

KEint = 1
2m1 v1

2 + 1
2m2 v2

2

= 1
2

⎛
⎝0.350 kg⎞

⎠(2.00 m/s)2 + 1
2

⎛
⎝0.500 kg⎞

⎠( – 0.500 m/s)2

= 0.763 J.

KE′int = 1
2m1 v′1

2 + 1
2m2 v′2

2

= 1
2

⎛
⎝0.350 kg⎞

⎠(-4.00 m/s)2 + 1
2

⎛
⎝0.500 kg⎞

⎠(3.70 m/s)2

= 6.22 J.

KE′int − KEint = 6.22 J − 0.763 J
= 5.46 J.



Fnet = 0 p

x y (px and py)
py px

m2 v1 x

x

p1x + p2x = p′1x + p′2x.

m1 v1x + m2v2x = m1v′1x + m2v′2x.

m1 v1x = m1v′1x + m2v′2x.

x v cos θ x v1x = v1

x

m1 v1 = m1v′1 cos θ1 + m2v′2 cos θ2,

θ1 θ2

x
m1 v1 = m1v′1 cos θ1 + m2v′2 cos θ2



y

p1y + p2y = p′1y + p′2y

m1 v1y + m2v2y = m1v′1y + m2v′2y.

v1y x v2y

y

0 = m1v′1y + m2v′2y.

y v sin θ

y

0 = m1v′1 sin θ1 + m2v′2 sin θ2.

y
0 = m1v′1 sin θ1 + m2v′2 sin θ2

x y

(m1)
(m2) 45.0º

(v′2 θ2)

m2
x x y

v′2 θ2
x y

m1 v1 = m1v′1 cos θ1 + m2v′2 cos θ2 v2′ cos θ2 0 = m1v′1 sin θ1 + m2v′2 sin θ2 v′2 sin θ2

⎛
⎝tan θ = sin θ

cos θ
⎞
⎠

tan θ2 =
v′1 sin θ1

v′1 cos θ1 − v1
.

tan θ2 = (1.50 m/s)(0.7071)
(1.50 m/s)(0.7071) − 2.00 m/s = −1.129.

θ2 = tan−1(−1.129) = 311.5º ≈ 312º.

m2
x y v′2

v′2 = −m1
m2

v′1
sin θ1
sin θ2



v′2 = −⎛
⎝
0.250 kg
0.400 kg

⎞
⎠(1.50 m/s)⎛⎝ 0.7071

−0.7485
⎞
⎠.

v′2 = 0.886 m/s.

m1
m2 m1

(m2)

1
2mv1

2 = 1
2mv′1

2 + 1
2mv′2

2.

m1 = m2 = m x y

1
2mv1

2 = 1
2mv′1

2 + 1
2mv′2

2 + mv′1v′2 cos⎛
⎝θ1 − θ2

⎞
⎠.

θ2

mv′1 v′2 cos⎛
⎝θ1 − θ2

⎞
⎠ = 0.

v′1 = 0
v′2 = 0
cos(θ1 − θ2) = 0 (θ1 − θ2) 90º

90º



p
p = mv,

m v
kg · m/s

Fnet = Δp
Δt ,

Fnet Δp Δt

Δp = FnetΔt.

ptot = constant

ptot = p′tot (isolated system),
ptot p′tot

⎛
⎝Fnet = 0⎞

⎠.



x
x

m1 v1 = m1v′1 cos θ1 + m2v′2 cos θ2 y
0 = m1v′1y +m2v′2y

1
2mv1

2 = 1
2mv′1

2 + 1
2mv′2

2 + mv′1v′2 cos⎛
⎝θ1 − θ2

⎞
⎠.



θ1
θ1 b

θ1
b



7.50 m/s

600 m/s
7.40 m/s

1.60×109 kg · m/s
48.0 km/h?

1200 m/s

2.00×104-kg

1.60×109 kg · m/s

60.0 m/s

1.20×104 kg
10.0 m/s

5.4 m/s

5.972×1024 kg

1.496×1011 m

4.00×103 m/s 6.00×10 – 8 s

1.00×107 kg

1.76×104 N 5.50×10–2 s

60º
+x

60º −x

55º

−0.120 m/s



4.00×103 kg

7.50×103 kg

6.00×107 kg

4.00×103 kg

7.50×103 kg

⎛
⎝239 Pu⎞

⎠
⎛
⎝4 He + 235 U⎞

⎠

8.40×10 – 13 J

6.68×10 – 27 kg

3.92×10 – 25 kg

5.00×1012 kg

7.36×1022 kg



1.20×104 kg

30.0º

θ1 − θ2 = 90º

x y

20.0º

85.0º

⎛
⎝4 He⎞⎠

⎛
⎝197 Au⎞

⎠

8.00×10−13 J
6.68×10−27 kg

3.29×10−25 kg
120º

8.00 m/s

17.0 m/s

x y

m1 v1 = m1v′1 cos θ1 + m2v′2 cos θ2

0 = m1v′1 sin θ1 + m2v′2 sin θ2
x y

1
2mv1

2 = 1
2mv′1

2+1
2mv′2

2+mv′1v′2 cos ⎛
⎝θ1 − θ2

⎞
⎠









∣ qe ∣ = 1.60×10−19 C.

q e

1.00 C× 1 proton
1.60×10−19 C

= 6.25×1018 protons.

6.25×1018

∣ qe ∣
∣ qe ∣

−1
3 +2

3



−1
3qe + 2

3qe + 2
3qe = +1qe

Δm Δm = E
c2

Δm = E
c2



me



1023







F = k |q1 q2|
r2 .

F q1 q2 r
k

k = 8.988×109N ⋅ m2

C2 ≈ 8.99×109N ⋅ m2

C2 .

⎛
⎝F ∝ 1 / r2⎞⎠ 1016

F q1 q2 r
q1 q2



0.530×10−10 m

F = k |q1 q2|
r2

F = k |q1 q2|
r2

= ⎛
⎝8.99×109 N ⋅ m2 / C2⎞⎠×

(1.60×10–19 C)(1.60×10–19 C)
(0.530×10–10 m)2

F = 8.19×10–8 N.

8.99×1022 m / s2

FG = GmM
r2 ,

G = 6.67×10−11 N ⋅ m2 / kg2 m M

FG = (6.67×10 – 11 N ⋅ m2 / kg2)×(9.11×10–31 kg)(1.67×10–27 kg)
(0.530×10–10 m)2 = 3.61×10–47 N

F
FG

= 2.27×1039.



F = k|q1q2| / r2

F = k|qQ| / r2 Q q r
Q q

Q Q q1
F1 q2 q1 F2

F1 q1 q2 Q

Q q
E

E = F
q ,

F q E F
q

q
F = qE Q q

F = k|qQ| / r2 E

E = |Fq | = k| qQ
qr2| = k |Q|

r2 .

E = k |Q|
r2 .

Q r q

E

E = kQ / r2

Q = 2.00×10−9 r = 5.00×10−3

E = k Q
r2

= (8.99×109 N ⋅ m2/C2 )× (2.00×10−9 C)
(5.00×10−3 m)2

= 7.19×105 N/C.



Q
Q

–0.250 μC

E = F / q F = qE

q = −0.250 μC E = 7.20×105

F = −qE

= (0.250×10–6 C)(7.20×105 N/C)
= 0.180 N.

q

Q
q

Q



q

E = k|Q| / r2 r2

q1 q2

E1 E2 Etot

q E1 E2

q1 E1

E1 = kq1
r1

2 = ⎛
⎝8.99×109 N ⋅ m2/C2⎞⎠

⎛
⎝5.00×10−9 C⎞

⎠
⎛
⎝2.00×10−2 m⎞

⎠
2

E1 = 1.124×105 N/C.

E2

E2 = kq2
r2

2 = ⎛
⎝8.99×109 N ⋅ m2/C2⎞⎠

⎛
⎝10.0×10−9 C⎞

⎠
⎛
⎝4.00×10−2 m⎞

⎠
2

E2 = 0.5619×105 N/C.

E1 E2
E1 E2



E1 E2
Etot

Etot = (E1
2 + E2

2 )1/2

= {(1.124×105 N/C)2 + (0.5619×105 N/C)2}1/2

= 1.26×105 N/C.

θ = tan−1⎛⎝
E1
E2

⎞
⎠

= tan−1⎛⎝ 1.124×105 N/C
0.5619×105 N/C

⎞
⎠

= 63.4º,

63.4º

q1 q2









F E



4.00×10–15 kg 3.20×10–19 C

3.00×105 N/C

w = mg.

w = (4.00×10−15 kg)(9.80 m/s2 ) = 3.92×10−14 N.

F = qE.

3.20×10–19 C

F = (3.20×10−19 C)(3.00×105 N/C) = 9.60×10−14 N.

a = Fnet
m .

Fnet = F − w



a = F − w
m

= 9.60×10−14 N − 3.92×10−14 N
4.00×10−15 kg

= 14.2 m/s2.



Q

q

∣ qe ∣

∣ qe ∣ = 1.60×10−19 C.

F = k |q1 q2|
r2 ,

q1 q2 r k ≈ 8.99×109 N · m2 / C2



r

E
E = F

q,
F q E

E Q

E = k |Q|
r2 .

r Q E



q



–2.00 nC
0.500 μC

1.80×1020

3.75×1021

∣ qe ∣

1.0000×1012

1.00×1016

2.00 μC

1012

0.700 μC –0.600 μC

+2 μC
+6 μC +4 μC

+6 μC

qtot

8.00 μC

5.00 μC –3.00 μC

q1 q2 3.00 m
20 μC

2.00×10-5 N –1.75 μC

3.50 μC

5.00×106 N/C

4.80×10−17 N



+q
–3.00q

q1
q2

2.00 μC

2.50×104 N/C

25.0 μC 45.0 μC

q1 q2
q1 q2

ω
0.530×10–10 m

5.00×106 m/s
2.00×105 N/C

3.00×106 N/C

3.00%



1.00 μC

8.00º

3.00×106 m/s

1.00 μm

920 kg/m3

qe

q
Q m

d
q Q m d

m





q



q

W = –ΔPE

q

ΔPE
W = –ΔPE W

ΔPE ΔPE W

W = –ΔPE W
ΔPE. ΔPE W

W = Fd cos θ F
F = qE ΔPE

q. V

V = PE
q .

V = PE
q

q q V q ΔPE
ΔV

ΔV = VB − VA = ΔPE
q .

VB – VA q

1 V = 1 J
C



VB - VA q

1 V = 1 J
C

ΔV = ΔPE
q and ΔPE = qΔV .

ΔV = ΔPE
q and ΔPE = qΔV .

ΔPE = qΔV

ΔPE = qΔV

q = 5000 C ΔV = 12.0 V

ΔPEcycle = (5000 C)(12.0 V)
= (5000 C)(12.0 J/C)
= 6.00×104 J.

q = 60,000 C

ΔPEcar = (60,000 C)(12.0 V)

= 7.20×105 J.

ΔV = VB –VA = +12 V q ΔPE = qΔV
q



ΔPE = qΔV ΔPE = –30.0 J
ΔV = +12.0 V

q ΔPE = qΔV

q = ΔPE
ΔV .

ΔPE ΔV

q = –30.0 J
+12.0 V = –30.0 J

+12.0 J/C = –2.50 C.

ne

ne = –2.50 C
–1.60×10–19 C/e– = 1.56×1019 electrons.

ΔPE = qΔV ,



1 eV = ⎛
⎝1.60×10–19 C⎞

⎠(1 V) = ⎛
⎝1.60×10–19 C⎞

⎠(1 J/C)

= 1.60×10–19 J.

1 eV = ⎛
⎝1.60×10–19 C⎞

⎠(1 V) = ⎛
⎝1.60×10–19 C⎞

⎠(1 J/C)

= 1.60×10–19 J.

30,000 eV ÷ 5 eV per molecule = 6000 molecules

KE + PE = constant

KE + PE = constant

KEi + PEi= KEf + PEf ,



KEi = 0, KEf = ½mv2, PEi = qV , and PEf = 0.

KEi + PEi= KEf + PEf.

qV = mv2

2 .

v

v = 2qV
m .

q, V , and m

v =
2⎛
⎝–1.60×10–19 C⎞

⎠(–100 J/C)

9.11×10–31 kg

= 5.93×106 m/s.

E ΔV

ΔV E
ΔV E ΔV

E
E ΔV E



V E E = V / d ΔV = VAB
–ΔV = VA – VB = VAB

q

W = –ΔPE = – qΔV .

–ΔV = – (VB – VA) = VA – VB = VAB.

W = qVAB.

W = Fd cos θ cos θ = 1 W = Fd F = qE W = qEd

qEd = qVAB.

VAB = Ed

E = VAB
d

⎫
⎭
⎬(uniform E - field only),

d

1 N / C = 1 V / m.

VAB = Ed

E = VAB
d

⎫
⎭
⎬(uniform E - field only),

d

3.0×106 V/m



E d VAB = Ed

VAB = Ed.

E d

VAB = (3.0×106 V/m)(0.025 m) = 7.5×104 V

VAB = 75 kV.

0.500 μC

E = VAB
d

F = q E
F = q E

E = VAB
d .

VAB



E = 25.0 kV
0.0400 m = 6.25×105 V/m.

F = qE.

F = (0.500×10–6 C)(6.25×105 V/m) = 0.313 N.

1 V/m = 1 N/C

E V E
V V

E = – ΔV
Δs ,

Δs ΔV E

E = – ΔV
Δs ,

Δs ΔV E

ΔV Δs

q r Q
⎛
⎝W = – qΔV ⎞

⎠ V

V = kQ
r (Point Charge),

9.0×109 N · m2 /C2

V

V

V = kQ
r (Point Charge).

V E

E = F
q = kQ

r2 .

V E

V E



(nC) ⎛
⎝μC⎞

⎠

−3.00 nC

V = kQ / r

V = kQ
r

= ⎛
⎝8.99×109 N · m2 / C2⎞⎠

⎛
⎝–3.00×10–9 C

5.00×10–2 m
⎞
⎠

= –539 V.

V = kQ
r .

Q

Q = rV
k

=
(0.125 m)⎛⎝100×103 V⎞

⎠
8.99×109 N · m2 / C2

= 1.39×10–6 C = 1.39 μC.



h = 0
PEg = mgh

VB – VA q
ΔV

ΔV = ΔPE
q and ΔPE = qΔV .

1 eV = ⎛
⎝1.60×10–19 C⎞

⎠(1 V) = ⎛
⎝1.60×10–19 C⎞

⎠(1 J/C)

= 1.60×10–19 J.
KE + PE.

VAB = Ed

E = VAB
d

⎫
⎭
⎬(uniform E - field only),

d

E = – ΔV
Δs ,

Δs ΔV E

V = kQ / r





1.67×10 – 27 kg.

6.64×10–27 kg.

⎛
⎝1.5×107 ºC⎞

⎠

1.00×102 MV
15ºC

2.50×102 g 2.00×102 g
20.0ºC 90.0ºC

2.00×102 m
5.00×102 N

1.00×10–12 m

1.50×104 V

7.50×104 V/m

4.50×103 V/m

3.0×106 V/m

5.0×103 V

3.0×106 V/m

2.00×106 V/m



0.530×10–10 m

1.00 μC

2.00×102 V?

–2.00 V

5.00×102 V

2.00×10 – 14 m

3.0 μC





I

I = ΔQ
Δt ,

ΔQ Δt
Δt = t

I = ΔQ / Δt

1 A = 1 C/s

I = ΔQ / Δt

I = ΔQ
Δt = 720 C

4.00 s = 180 C/s

= 180 A.

I = ΔQ / Δt Δt

Δt = ΔQ
I = 1.00 C

0.300×10-3 C/s
= 3.33×103 s.





I A

Ielectrons = −0.300×10−3 C/s (e−) –1.60×10−19 C

Ielectrons = ΔQelectrons
Δt = –0.300×10−3 C

s .

e–
s = –0.300×10 – 3 C

s × 1 e–

–1.60×10−19 C
= 1.88×1015 e–

s .

108 m/s

10−4 m/s



vd

vd

n
Ax nAx ΔQ qnAx q

q −1.60×10−19 C
Δt

I = ΔQ
Δt = qnAx

Δt .

x / Δt vd x Δt

I = nqAv d,

I A n
q vd



t vd = x / t

8.80×103 kg/m3

I = nqAvd I = 20.0 A q = – 1.60×10 – 19 C

A = πr2, r

8.80×103 kg/m3,

6.02×1023 atoms/mol, n,

m3 n

n = 1 e−
atom×6.02×1023 atoms

mol × 1 mol
63.54 g×1000 g

kg ×8.80×103 kg
1 m3

= 8.342×1028 e− /m3 .

A = πr2

= π⎛⎝2.053×10−3 m
2

⎞
⎠

2

= 3.310×10–6 m2 .

I = nqAvd

vd = I
nqA

= 20.0 A
(8.342×1028/m3)(–1.60×10–19 C)(3.310×10–6 m2)

= –4.53×10–4 m/s.

10−4 m/s 1012 108 m/s



V

V

I ∝ V .

R

I ∝ 1
R.

I = V
R .

R V I
Ω

I = V/R R = V/I

1 Ω = 1V
A .

R

I = V/R

I = V/R

R = V
I = 12.0 V

2.50 A = 4.80 Ω.



1012 Ω 105 Ω 103 Ω
10−5 Ω

I = V/R V ,

V = IR.

V I IR
IR

PE = qΔV q

R
L

R
A



L A
A

ρ R ρ ρ
R L A

ρ

R = ρL
A .

ρ



ρ 20ºC

ρ Ω m

1.59×10−8

1.72×10−8

2.44×10−8

2.65×10−8

5.6×10−8

9.71×10−8

10.6×10−8

20×10−8

22×10−8

44×10−8

49×10−8

96×10−8

100×10−8

3.5×105

(3.5 − 60)×105

600×10−3

(1 − 600)×10−3

2300

0.1–2300

5×1014

109 − 1014

>1013

1011 − 1015

75×1016

1013 − 1016

1015

>1013

108 − 1011



0.350 Ω

R = ρL
A A

R = ρL
A

A = ρL
R .

ρ

A = (5.6×10–8 Ω ⋅ m)(4.00×10–2 m)
0.350 Ω

= 6.40×10–9 m2 .

D

A = πD2

4 .

D A

D = 2⎛⎝A
p
⎞
⎠

1
2

= 2⎛⎝6.40×10–9 m2

3.14
⎞
⎠

1
2

= 9.0×10–5 m.

ρ

100ºC ρ ΔT

ρ = ρ0(1 + αΔT),

ρ0 α α
α ρ α

α



α
α

3.8×10−3

3.9×10−3

3.4×10−3

3.9×10−3

4.5×10−3

5.0×10−3

3.93×10−3

3.9×10−3

0.000×10−3

0.002×10−3

0.89×10−3

0.4×10−3

−0.5×10−3

−50×10−3

−70×10−3

α

ρ

R0 ρ R = ρL / A L
A R ρ

L A ρ

R = R0(1 + αΔT)



R0 R
ΔT

ρ = ρ0(1 + αΔT) R = R0(1 + αΔT) 100ºC

20ºC 2850ºC

R = R0(1 + αΔT) R0 = 0.350 Ω
ΔT = 2830ºC

R

R = R0(1 + αΔT)

= (0.350 Ω)[1 + (4.5×10–3 / ºC)(2830ºC)]
= 4.8 Ω.



PE = qV q
V

P = PE
t = qV

t .

I = q / t Δt = t

P = IV.

P
1 A ⋅ V = 1 W

P = IV = (20 A)(12 V) = 240 W
1 kA ⋅ V = 1 kW

P = IV I = V/R P = (V / R)V = V 2 /R

V = IR P = I(IR) = I 2R

P = IV

P = V 2

R
P = I 2R.

P

P = V 2 / R
P = V 2 / R



P = IV
P = V 2 / R

P = IV = (2.50 A)(12.0 V) = 30.0 W.

0.350 Ω

P = V 2

R = (12.0 V)2

0.350 Ω = 411 W.

P = I 2R

I = P
R = 411 W

0.350 Ω = 34.3 A.

P = E / t

E = Pt

P t P
t kW ⋅ h E = Pt

1 kW ⋅ h = 3.6×106 J

E

E = Pt



E = Pt = (60 W)(1000 h) = 60,000 W ⋅ h.

E = 60.0 kW ⋅ h.

cost = (60.0 kW ⋅ h)($0.12/kW ⋅ h) = $7.20.

P = IV

I

I = ΔQ
Δt ,

ΔQ Δt

1 A = 1 C/s.

vd



I vd I = nqAvd I
A n q vd

1012

I V R I = V
R .

Ω 1 Ω = 1 V/A
IR V = IR

R L A R = ρL
A ρ

ρ
ΔT ρ = ρ0(1 + αΔT) ρ0

α
α

R R = R0(1 + αΔT) R0 R

P

P = IV,

P = V 2

R ,

P = I 2R.
P t E = Pt

A ⋅ h

vd = I
nqA n

IR

IR



R = R0(1 + αΔT) R ρ = ρ0(1 + αΔT)
ρ

P = V 2 / R
P = I 2R



0.250 μC
1.00 μs

0.500 - μs

P = I 2R

500 Ω

6.02×1023

He++

He++

He++

3.60 Ω

140 Ω

0.0600- Ω
0.300 Ω

1.00×109 Ω .

0.200 Ω 20.0ºC



1.00 × 103 V

20.0ºC

20.0ºC

100ºC 20.0ºC

–10.0ºC to 55.0ºC

77.7 Ω 20.0ºC
150ºC

20.0ºC

0.500 Ω 20.0ºC
0.525 Ω

α = – 0.0600 / ºC

37.0ºC
α

12×10−6 / ºC

1.00×102 MV
2.00 × 104 A

6.00×102 C

0.0600 - Ω

0.300 Ω .

P = IV

1 V2 / Ω = 1W
P = V 2 / R

1 A2 ⋅ Ω = 1 W
P = I 2R

1 kW ⋅ h = 3.60×106 J

1.00×102 kV

12.0 cents/kW ⋅ h

9.0 cents/kW · h

10 cents/kWh



1.00 A ⋅ h

12.0 cents/kW ⋅ h

1.00×102 A

1.00×102 MV
18.0ºC

3.00×102 g 20.0ºC 90.0ºC

37.0ºC 100ºC

8.00×103 A

2.00×102 -m
5.00×102 N

5.00×102 N

5.30×104 kg

0.0580 Ω / km

1.00×102 -g 20.0ºC
95.0ºC



10.0ºC 40.0ºC

9 cents/kW ⋅ h

1.00×102 MW

1.00 - Ω

1.00×102 MW





R1
R2 R3 R4

V V = IR I
R ( Ω ) V

I R

R1 V1 = IR1 R2 V2 = IR2 R3 V3 = IR3

V = V1 + V2 + V3.

PE = qV q V qV

qV1 + qV2 + qV3.

qV = qV1 + qV2 + qV3
q V = V1 + V2 + V3



V = IR1 + IR2 + IR3 = I(R1 + R2 + R3).

Rs

V = IRs.

Rs Rs = R1 + R2 + R3

Rs

Rs = R1 + R2 + R3 + ...,

12.0 V R1 = 1.00 Ω R2 = 6.00 Ω
R3 = 13.0 Ω

Rs = R1 + R2 + R3
= 1.00 Ω + 6.00 Ω + 13.0 Ω
= 20.0 Ω.

V = IR

I = V
Rs

= 12.0 V
20.0 Ω = 0.600 A.

IR

V1 = IR1 = (0.600 A)(1.0 Ω ) = 0.600 V.

V2 = IR2 = (0.600 A)(6.0 Ω ) = 3.60 V

V3 = IR3 = (0.600 A)(13.0 Ω ) = 7.80 V.

IR 12.0 V

V1 + V2 + V3 = (0.600 + 3.60 + 7.80) V = 12.0 V.

P = IV P
V = IR

P1 = I 2R1 = (0.600 A)2(1.00 Ω ) = 0.360 W.

P2 = I 2R2 = (0.600 A)2(6.00 Ω ) = 2.16 W

P3 = I 2R3 = (0.600 A)2(13.0 Ω ) = 4.68 W.



P = IV P = V 2

R V

P = IV V

P = (0.600 A)(12.0 V) = 7.20 W.

P1 + P2 + P3 = (0.360 + 2.16 + 4.68) W = 7.20 W.

Rs = R1 + R2 + R3 + ....



Rp

I1 = V
R1

I2 = V
R2

I3 = V
R3

I

I = I1 + I2 + I3.

I = V
R1

+ V
R2

+ V
R3

= V⎛⎝ 1
R1

+ 1
R2

+ 1
R3

⎞
⎠.

I = V
Rp

= V⎛⎝ 1
Rp

⎞
⎠.

Rp

1
Rp

= 1
R1

+ 1
R2

+ 1
R .3

+ ....

Rp



V = 12.0 V R1 = 1.00 Ω R2 = 6.00 Ω R3 = 13.0 Ω

1
Rp

= 1
R1

+ 1
R2

+ 1
R3

= 1
1.00 Ω + 1

6.00 Ω + 1
13.0 Ω .

1
Rp

= 1.00
Ω + 0.1667

Ω + 0.07692
Ω = 1.2436

Ω .

Rp

Rp = 1
1.2436 Ω = 0.8041 Ω .

Rp = 0.804 Ω .

Rp

Rp

I = V
Rp

= 12.0 V
0.8041 Ω = 14.92 A.

I

I1 = V
R1

= 12.0 V
1.00 Ω = 12.0 A.

I2 = V
R2

= 12.0 V
6.00 Ω = 2.00 A

I3 = V
R3

= 12.0 V
13.0 Ω = 0.92 A.

I1 + I2 + I3 = 14.92 A.

P = V 2

R

P1 = V 2

R1
= (12.0 V)2

1.00 Ω = 144 W.



P2 = V 2

R2
= (12.0 V)2

6.00 Ω = 24.0 W

P3 = V 2

R3
= (12.0 V)2

13.0 Ω = 11.1 W.

P = IV

P = IV = (14.92 A)(12.0 V) = 179 W.

P1 + P2 + P3 = 144 W + 24.0 W + 11.1 W = 179 W.

1
Rp

= 1
R1

+ 1
R2

+ 1
R3

+ ...

R1 R2 R3



IR

R1 R2 R3 IR R1 I2
R2 R2

R2 R3 R1

R2 R3 Rp R1

Rtot = R1 + Rp.

Rp

1
Rp

= 1
R2

+ 1
R3

= 1
6.00 Ω + 1

13.0 Ω = 0.2436
Ω .

Rp = 1
0.2436 Ω = 4.11 Ω .

Rtot = R1 + Rp = 1.00 Ω + 4.11 Ω = 5.11 Ω .

20.0 Ω 0.804 Ω

IR R1 I R1 IR

V1 = IR1.

I V1 I

I = V
Rtot

= 12.0 V
5.11 Ω = 2.35 A.

V1 = IR1 = (2.35 A)(1.00 Ω ) = 2.35 V.

R2 R3 V1
R2 R3

R2 Vp

R2 R3 V1



Vp = V − V1 = 12.0 V − 2.35 V = 9.65 V.

I2 R2

I2 =
Vp
R2

= 9.65 V
6.00 Ω = 1.61 A.

R2

R2

P2 = (I2 )2R2 = (1.61 A)2(6.00 Ω ) = 15.5 W.

IR

R3
IR R1

R2

IR



R

r

r



r
V V = emf − Ir

r r



V = PE
q

V

V = emf − Ir,

r I

I

Rload
Rload + r

I = emf
Rload + r .

Rload r

r Rload
r r

0.100 Ω 10.0- Ω
0.500- Ω 0.500- Ω

0.500 Ω 0.500- Ω

V = emf − Ir

I = emf
Rload + r = 12.0 V

10.1 Ω = 1.188 A.

V = emf − Ir

V = emf − Ir = 12.0 V − (1.188 A)(0.100 Ω)
= 11.9 V.

10.0 Ω



Rload = 0.500 Ω

I = emf
Rload + r = 12.0 V

0.600 Ω = 20.0 A.

V = emf − Ir = 12.0 V − (20.0 A)(0.100 Ω)
= 10.0 V.

0.500 Ω

0.500 - Ω P = I 2R

Pload = I 2Rload = (20.0 A)2(0.500 Ω) = 2.00×102 W.

V 2

R IV V

I = emf
Rload + r = 12.0 V

1.00 Ω = 12.0 A.

V = emf − Ir = 12.0 V − (12.0 A)(0.500 Ω)
= 6.00 V,

Pload = I 2Rload = (12.0 A)2(0.500 Ω ) = 72.0 W.

V = emf − Ir I



emf1 + emf2
r1 + r2

I =
⎛
⎝emf1 – emf2

⎞
⎠

r1 + r2

Rload I =
⎛
⎝emf1 + emf2

⎞
⎠

r1 + r2 + Rload



I =
⎛
⎝emf1 − emf2

⎞
⎠

r1 + r2

I =
⎛
⎝emf1 + emf2

⎞
⎠

r1 + r2 + Rload

I = emf
⎛
⎝rtot + Rload

⎞
⎠

rtot

I = emf
⎛
⎝rtot + Rload

⎞
⎠



mV
m

mV
m

100 mA/cm2



r



r

IG

50 μA 50 μA 25 μA

25- Ω V = IR = ⎛
⎝50 μA⎞

⎠(25 Ω) = 1.25 mV

R
R

25-Ω 50-μA 50 μA

Rtot = R + r = V
I = 10 V

50 μA = 200 kΩ, or

R = Rtot − r = 200 kΩ − 25 Ω ≈ 200 k Ω .

R r
25-μA

R R
R r

R

25- Ω
50-μA R r

IR IR = IGr IR = IG
I = R

r R IG 50 μA I

R = rIG
I = (25 Ω ) 50 μA

0.999950 A = 1.25×10−3 Ω .



R R
R I R r

RVoltmeter >>R
RVoltmeter ≅ R



106

50 μA 50 μA

Pe = IV

V = IR

R
R R



Rs = R1 + R2 + R3 + ....

1
Rp

= 1
R1

+ 1
R2

+ 1
R3

+ ....

r

r
V V = emf − Ir I



R



R1 R2 R3 R2 R3

R1 R2 R3



275-Ω

1.00×102 -Ω 2.50-kΩ
4.00-k Ω

36.0-Ω 50.0-Ω 700-Ω

24.0-Ω 96.0-Ω

I3
I I2 R3

P3
P3

0.400 Ω

5.00×102 A

1.00×109 -Ω

5.00×102 A

1.00×109 Ω

R1 R2
R1 >>R2

R1
R2

145 Ω
150 Ω

900 kΩ
0.500 MΩ

2.00 Ω

0.100 Ω

0.600-Ω

0.050 Ω



2.30 Ω
0.100-Ω

I 2 Rbulb
V 2

Rbulb

3.20-Ω

0.0400 Ω
0.200 Ω

0.0500 Ω 0.0100-Ω

0.0900 Ω

0.0200 Ω
0.100-Ω

10.0 Ω

10.0 k Ω

2000 Ω

0.25 Ω
800 Ω

ºC/min
0.300 kcal/kg ⋅ ºC

0.200-Ω

15.0-Ω

1.00-M Ω

25.0-k Ω

25.0-Ω
50.0-μA

25.0-Ω
50.0-μA

25.0-Ω
50.0-μA

25.0-Ω
50.0-μA

10.0-Ω
100-μA

10.0-Ω
100-μA

0.100 Ω 1.00-k Ω

5.00 Ω 1.00-k Ω



5.00×10−5 Ω
10.0-Ω

1.00-MΩ 75.0-k Ω

75.0-k Ω

75.0-k Ω

0.0200-Ω 10.00-Ω

10.00-Ω

10.00-Ω

40.0-Ω 25.0-μA

40.0-Ω
25.0-μA

10.0-μA









(770ºC)









F q v B

F = qvB sin θ,

θ v B.
B B

F = qvB sin θ
B

B = F
qv sin θ

sin θ

1 T = 1 N
C ⋅ m/s = 1 N

A ⋅ m

1 G = 10−4 T
5×10−5 T

F v B

v B F

v B q v B
v B



F = qvB sin θ

F = qvb sin θ.

sin θ = 1 90º

F = ⎛
⎝20×10–9 C⎞

⎠(10 m/s)⎛⎝5×10–5 T⎞
⎠

= 1×10–11 (C ⋅ m/s)⎛⎝ N
C ⋅ m/s

⎞
⎠ = 1×10–11 N.



B

Fc = mv2 / r sin θ = 1 F = qvB

F Fc

qvB = mv2
r .

r

r = mv
qB .

r m q v
B v



6.00×107 m/s
B = 0.500 T

r r = mv
qB

v B

r = mv
qB =

⎛
⎝9.11×10−31 kg⎞

⎠
⎛
⎝6.00×107 m/s⎞⎠

⎛
⎝1.60×10−19 C⎞

⎠(0.500 T)

= 6.83×10−4 m

r = 0.683 mm.







vd F = qvdB sin θ B
l F = (qvdB sin θ)(N) N

l N = nV n V
V = Al A F = (qvdB sin θ)(nAl)

F = (nqAvd)lB sin θ.

nqAvd = I

F = IlB sin θ

l I B
l F

l = IB sin θ

I B
F

F = IlB sin θ

B = 1.50 T l = 5.00 cm I = 20.0 A

F = IlB sin θ θ I B 90º
sin θ = 1



F = IlB sin θ

F = IlB sin θ = (20.0 A)(0.0500 m)(1.50 T)(1).

1 T = N
A ⋅ m

F = 1.50 N.

r



r = mv
qB

v q B
r m

v
v

v

F = qE
F = qvB qE = qvB q

v = E
B

v E B

q q



10−6 10−8



1 G = 10–4 T

v B



1 T = 1 N
A ⋅ m

F = qvB sin θ,
θ v B

B

1 T = 1 N
C ⋅ m/s = 1 N

A ⋅ m.

v
B F

v B v B

r = mv
qB,

v B m q

F = IlB sin θ,
I l B θ I B

I

v = E
B.







B?

B v

0.100-μC

0.500-μC

8.00×10−5-T

5.00×107 m/s
1.70×10−16 N
45º

4.00×103 m/s
1.40×10−16 N

1.00×10−12 N

7.50×106 m/s

1.00×10−5 T

7.50×107 m/s

5.00×107 m/s

2.66×10−26 kg

5.00×106 m/s

4.00×106 m/s

6.00×107 m/s



5.00×10−5 T

2.66×10−26 kg,

5.00×106 m/s

3.90×10−25 kg

3.95×10−25 kg 3.00×105 m/s

B

B I

3.00×10−5-T

30.0º 5.00×10−5 -T

60º 5.50×10−5 T

7.00×10−3 N

90º



0.650×10−15 m 1.05×104 A

104

5.00×10−5 T

(5.00×10−5 T)?

I1
I2

I1 / I2



0.250 μC

6.00×10−7 m/s

N/m2 .

50 μA
50 μA

60º

T = 2πm / (qB)
f ω

5.00×10−5 T

3.00×10−5 T

3.00×10−5 T

5.00×10−5 T

6.64×10−27 kg

8.70×105 m/s



5.00×10−5 T

5.00×10−5 T



c 2.99792458 × 108 m / s 3.00 × 108 m / s

G 6.67384(80) × 10−11 N ⋅ m2 / kg2 6.67 × 10−11 N ⋅ m2 / kg2

NA 6.02214129(27) × 1023 6.02 × 1023

k 1.3806488(13) × 10−23 J / K 1.38 × 10−23 J / K

R 8.3144621(75) J / mol ⋅ K 8.31 J / mol ⋅ K = 1.99 cal / mol ⋅ K = 0.0821atm ⋅ L / mol ⋅ K

σ 5.670373(21) × 10−8 W / m2 ⋅ K 5.67 × 10−8 W / m2 ⋅ K

k 8.987551788... × 109 N ⋅ m2 / C2 8.99 × 109 N ⋅ m2 / C2

qe −1.602176565(35) × 10−19 C −1.60 × 10−19 C

ε0 8.854187817... × 10−12 C2 / N ⋅ m2 8.85 × 10−12 C2 / N ⋅ m2

μ0 4π × 10−7 T ⋅ m / A 1.26 × 10−6 T ⋅ m / A

h 6.62606957(29) × 10−34 J ⋅ s 6.63 × 10−34 J ⋅ s

me 9.10938291(40)×10−31kg 9.11×10−31kg

m p 1.672621777(74)×10−27kg 1.6726×10−27kg

mn 1.674927351(74)×10−27kg 1.6749×10−27kg

u 1.660538921(73)×10−27kg 1.6605×10−27kg

1.99×1030kg

6.96×108m



1.496×1011m

5.9736×1024kg

6.376×106m

3.16×107s

7.35×1022kg

1.74×106m

2.36×106s

3.84×108m

1012 10−1

109 10−2

106 10−3

103 μ 10−6

102 10−9

101 10−12

100( = 1) 10−15

Α α Η η Ν ν Τ τ

Β β Θ θ Ξ ξ Υ υ

Γ γ Ι ι Ο ο Φ ϕ

Δ δ Κ κ Π π Χ χ

Ε ε Λ λ Ρ ρ Ψ ψ

Ζ ζ Μ μ Σ σ Ω ω

N = kg ⋅ m / s2

J = kg ⋅ m2 / s2

W = J / s

Pa = N / m2

Hz = 1 / s



V = J / C

F = C / V

C = s ⋅ A

Ω = V / A

T = N / (A ⋅ m)

Bq = 1 / s

1 inch (in.) = 2.54 cm (exactly)

1 foot (ft) = 0.3048 m

1 mile (mi) = 1.609 km

1 pound (lb) = 4.448 N

1 British thermal unit (Btu) = 1.055×103 J

1 horsepower (hp) = 746 W

1 lb / in2 = 6.895×103 Pa

1 light year (ly) = 9.46×1015 m

1 astronomical unit (au) = 1.50×1011 m

1 nautical mile = 1.852 km

1 angstrom(Å) = 10−10 m

1 acre (ac) = 4.05×103 m2

1 square foot (ft2) = 9.29×10−2 m2

1 barn (b) = 10−28 m2

1 liter (L) = 10−3 m3

1 U.S. gallon (gal) = 3.785×10−3 m3

1 solar mass = 1.99×1030 kg

1 metric ton = 103 kg

1 atomic mass unit (u) = 1.6605×10−27 kg

1 year (y) = 3.16×107 s

1 day (d) = 86,400 s

1 mile per hour (mph) = 1.609 km / h

1 nautical mile per hour (naut) = 1.852 km / h

1 degree (°) = 1.745×10−2 rad

1 minute of arc (') = 1 / 60 degree



1 second of arc ('') = 1 / 60 minute of arc

1 grad = 1.571×10−2 rad

1 kiloton TNT (kT) = 4.2×1012 J

1 kilowatt hour (kW ⋅ h) = 3.60×106 J

1 food calorie (kcal) = 4186 J

1 calorie (cal) = 4.186 J

1 electron volt (eV) = 1.60×10−19 J

1 atmosphere (atm) = 1.013×105 Pa

1 millimeter of mercury (mm Hg) = 133.3 Pa

1 torricelli (torr) = 1 mm Hg = 133.3 Pa

1 curie (Ci) = 3.70×1010 Bq

r d C = 2πr = πd

r d A = πr2 = πd2 / 4

r A = 4πr2

r V = (4 / 3)⎛⎝πr3⎞⎠



any symbol v̄

°C

°F

//

⊥

∝

±

0

α

α

α

β

β

β

β−

β+

γ

γ

γ = 1 / 1 − v2 / c2

Δ

δ

ΔE

ΔE

Δm

ΔN

Δp

Δp

ΔPEg

Δθ

Δs

Δt

Δt0



ΔV

Δx

ε0

η

θ

θ

θ

θ

θb

θc

κ

λ

λ

λn

μ0

μk

μs

ve

π+

π−

π0

ρ

ρc

ρfl

ρ̄ obj

ρ / ρw

τ (RL) (RC)

τ (RC)

τ

Υ

Φ

ϕ

Ω

ω

A

A

A



A

a

aB

ac

at

AC

AM

atm

B

B

B̄

b

B

B

Bint

Borb

BE

BE / A

Bq

C

C

Cp

Cs

CG

CM

c

c

c

Cal

cal

COPhp

COPref

cos θ

cot θ

csc θ

D

d

d



dB

di

do

DC

E

ε

emf

E

E

E

E

E0

E0

EC

Ecap

Eff

EffC

Ein

Eind

Eout

e

e+

eV

F

F

F
F

F

FB

Fc

Fi

Fnet

Fo

FM

f

f

f0 (RLC)



f0

f1

f2

f3

fB

fk

fs

G

G

G
¯

g

g

h

h

h

h

hf

hi

ho

I

I

I

I

I0

Iave

Irms

J

J / Ψ

K

k

k

Kα n = 1 n = 3

Kβ n = 2 n = 3

kcal

KE

KE + PE

KEe



KErel

KErot

KE

kg

L

L

L

L

ℓ

Lα n = 2 n = 3

Le

Lμ

Lτ

Lf

Lf and Lv

Lorb

Ls

Lv

Lz

M

M

m

m

m

m

m

m

m

m⎛
⎝A X⎞

⎠

MA

me

me

mℓ

mn

mo

mol

m p



ms

N

N

N
N

n

n

NA

Nr

N ⋅ m

N ⋅ m

OE

P

P

P

p

p

p

ptot

ptot
'

Pabs

Patm

Patm

PE

PEel

PEelec

PEs

Pg

Pin

Pout

Q

Q

Q

+Q

−Q

q

q p



q

QF

R

R

R

R̄

R

R

R

R

r

r

r⊥

r

r

r

r or rad

rem

rad

RBE

RC

rms

rn

Rp

Rs

Rs

S

S
S

S

S

s

s

s

s
sec θ

sin θ

sz

T



T

Tc

T

T

t

t

t1 / 2

tan θ

U

u

u

u

u'

V

V

V

V

v
v

v

v̄
VB − VA

vd

Vp

Vrms

Vs

vtot

vw

vw

W

W

W

w

wfl

Wc

Wnc

Wout

X



X
Z XN

x

x

x

XC

XL

xrms

y

Y

Z

Z



fk

fs


























