
• 

• 

• 𝑣𝐻 = 𝑣cosθ 𝑣𝑣 = 𝑣sinθ
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𝑠H

°
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 𝐹⃗ =
∆𝑝⃗

∆𝑡
’
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𝑚 2𝑚 3𝑚
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𝑎 =
𝑣2

𝑟

𝑣 =
2𝜋𝑟

𝑟

• 𝑎 =
𝑣2

𝑟
𝑣 =

2𝜋𝑟

𝑟
𝐹 = 𝑚𝑎

• ∆𝑣⃗

𝑣

𝑇

2𝜋𝑟

𝑣 =
2𝜋𝑟

𝑇

𝑣

𝑟

𝑇
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“ ”

𝑎 =
𝑣2

𝑟

𝑎

𝑣

𝑟

𝑣⃗0

𝑣⃗ ∆𝑣⃗

∆𝑡

∆𝑣⃗
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𝐹 = 𝑚𝑎 = 𝑚
𝑣2

𝑟

𝑚

𝑣

𝑟

𝑣 =
2𝜋𝑟

𝑇

𝑣 =
2𝜋(1.65)

3.00

𝑣 = 3.46 m. s−1

𝐹 = 𝑚
𝑣2

𝑟

𝐹 =
20.0 x (3.46)2

1.65

𝐹 = 145 N
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ℎ
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𝑚g
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𝜃

𝑣 𝑟

tanθ =
opp

adj

tanθ =
FH

Fv

tanθ =
𝑚𝑣2/𝑟

mg

tanθ =
𝑚𝑣2

mgr

tanθ =
𝑣2

gr

θ = tan−1
𝑣2

gr

tanθ =
𝑣2

gr

𝑣2 = tanθgr

𝑣 = √tanθgr

𝑣 = √tan9.0 x 9.8 x 250

𝑣 = 20 m. s−1  (19.7)
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 tanθ =  
v2

rg
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’ 𝑚1

𝑚2 𝑟 𝐹 = 𝐺
𝑚1𝑚2 

𝑟2

• ’

g

• ’

• 

• ’

𝐹 𝑚1 𝑚2

(𝑟)

’

• 

• 𝐹 ∝ 𝑚1𝑚2

• 

𝐹 ∝
1

𝑟2

• 

’

𝑚1 𝑚2 𝑚2 𝑚1
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’

𝐹 = 𝐺
𝑚1𝑚2

𝑟2

𝐹

𝑚1 

𝑚2 

𝑟

𝐺

’

𝐹 = 𝐺
𝑚1𝑚2

𝑟2

𝐹 = 6.67 x 10−11
101 x 97.5

(0.500)2

𝐹 = 2.63 x 10−6 N

𝐹 = 𝐺
𝑚1𝑚2

𝑟2

𝑟 = √𝐺
𝑚1𝑚2

𝐹

𝑟 = √6.67 x 10−11
7.35 x 1022 x 5.97 x 1024

1.98 x 1020

𝑟 = 3.85 x 108 m
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g⃗⃗

g⃗⃗ =
𝐹⃗

𝑚
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 g⃗⃗

 

 

’
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’

’

’

’

’ 𝑇2 =
4𝜋2

𝐺𝑀
𝑟3

• ’

• 

• 𝑇2 =
4𝜋2

𝐺𝑀
𝑟3

• ’

• 𝑣 = √
𝐺𝑀

𝑟
𝑣 =  

2𝜋𝑟

𝑇
𝑇2 =

4𝜋2

𝐺𝑀
𝑟3

’

’
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’

’

’

’
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’

’

’

𝑠

∆𝑡

𝑣

𝑟 𝑀

𝑣2 =
𝐺𝑀

𝑟

𝑣2 ∝
1

𝑟
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’

’

𝑇

𝑟 ’

𝑣 =
2𝜋𝑟

𝑇

√
𝐺𝑀

𝑟
=

2𝜋𝑟

𝑇

(√
𝐺𝑀

𝑟
)

2

= (
2𝜋𝑟

𝑇
)

2

𝐺𝑀

𝑟
=

22𝜋2𝑟2

𝑇2

𝐺𝑀 =
4𝜋2𝑟3

𝑇2

𝑇2 =
4𝜋2𝑟3

𝐺𝑀

𝑇2

(𝑟3 𝑇2 ∝ 𝑟3

𝑇2 =
4𝜋2𝑟3

𝐺𝑀

𝑇 = √
4𝜋2𝑟3

𝐺𝑀

𝑇 = √
4𝜋2 x (1.50 x 1011)3

6.67 x 10−11 x 1.99 x 1030

𝑇 = 3.17 x 107 s
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 ’

 

 𝑣 =  √
𝐺𝑀

𝑟
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’

 ’

𝑇 𝑟

 ’

 𝑇2 =  
4𝜋2𝑟3

𝐺𝑀
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’

’

• 

• 

𝐹
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ℎ

’

ℎ

𝑇

rEarth

𝑇2 =
4𝜋2𝑟3

𝐺𝑀

𝑟3 =
𝐺𝑀𝑇2

4𝜋2

𝑟 = √
𝐺𝑀𝑇2

4𝜋2

3

𝑟 = √
6.67 x 10−11 x 5.97 x 1024 x (86 400)2

4π2

3

𝑟 = 4.22 x 107 m

ℎ = r − rEarth

ℎ = 4.22 x 107 − 6.37 x 106 

ℎ = 3.59 x 107 m   (35 900 km)
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𝑇

’
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’
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• 
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-1
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𝑐
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 𝑣
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• 

• 

𝜇

𝑐 𝑠

𝑠 = 𝑣𝑡

𝑠 = 0.998 x 3.00 x 108) x (2.20 x 10−6)

𝑠 = 659 m
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𝑐

𝑡 =
1

√1 − 𝑣2/𝑐2
𝑡0

𝑡 =
1

√1 − ((0.998 x 3.00 x 108)2/(3.00 x 108)2)
 x 2.20 x 10−6 

𝑡 = 15.8 x 2.20 x 10−6 

𝑡 = 34.8 x 10−6 s

𝑠

𝑠 = 𝑣𝑡

𝑠 = 0.998 x 3.00 x 108) x (34.8 x 10−6)

𝑠 = 1.04 x 104 m 10 420 m
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𝑐

𝑚0  

𝑐 𝑣 = 𝑐

∞

𝑚 = 𝑚0 x 
1

√1 − (𝑣2/𝑐2)

𝑚 =   
𝑚0

√1 − (𝑣2/𝑐2)

𝑚 =   
𝑚0

√1 − (𝑐2/𝑐2)

𝑚 =   
𝑚0

√(1 − 1)

𝑚 =   
𝑚0

√0

𝑚 =   
𝑚0

0

𝑚 =   ∞
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𝑚0

’

 

𝑚 = 𝑚0γ

𝑚 = 𝑚0 x 
1

√1 − (𝑣2/𝑐2)

𝑚 =   
𝑚0

√1 − (𝑣2/𝑐2)

𝑚 =
 

1.673 x 10−27

√1 −
(0.999999991 x 3.0 x 108)2

(3.0 x 108)2

𝑚 =  1.247 x 10−23 kg

 

𝑝 = 𝑚𝑣

𝑝 = 1.247 x 10−23 x (0.999999991 x 3.0 x 108)

𝑝 = 3.74 x 10−15 kg. m. s−1
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𝑣2

𝑐2
= 1 − (

𝑚0

𝑚
)

2

𝑣

𝑐
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𝑐
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𝜃

𝜃 = arctan
𝑣1

𝑣2

𝑣1

𝑣1 = √
2𝑞𝑉

𝑚

𝑚
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 𝑣 = √
𝐺𝑀

𝑟
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 𝑇2 =
4𝜋2𝑟3

𝐺𝑀
 

 ’
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µ

 

 µ

 

CO
PYRIG

HT S
A
STA

 2
017



𝜃 𝑠H

𝑠H =
𝑣0

2sin2θ

g

𝑣0

𝜃 (°)

sin2θ

𝑠H (m)

 sin2θ

 sin2θ
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’

• 𝐹 =
1

4𝜋𝜀0

𝑞1𝑞2

𝑟2

• 

• ’

𝐹 𝑞1 𝑞2

(𝑟)

’

’

• 

• 

• 𝐹 ∝ 𝑞1𝑞2

• 𝐹 ∝
1

𝑟2

’

𝑞1 𝑞2 𝑞2 𝑞1
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’

𝐹 =
1

4𝜋𝜀0

𝑞1𝑞2

𝑟2

𝐹

𝑞1 

𝑞2 

𝑟

1

4𝜋𝜀0
’

’
1

4𝜋𝜀0
’

’ 𝜀0

 μ

 

𝐹 =
1

4𝜋𝜀0

𝑞1𝑞2

𝑟2

𝐹 = 9.00 x 109
4.0 x 10−6 x 4.0 x 10−6

(0.015)2

𝐹 = 640 N

 

𝐹 ∝
1

𝑟2

𝐹 = 640 x 
1

9

𝐹 = 71 N

 
• (

4.5 cm

1.5 cm
)

(
1

𝑟2) (
1

32) (
1

9
)
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𝐸⃗ 𝐹

𝑞

𝐸⃗ =
𝐹 

𝑞

𝑟

𝑄

𝑞 𝐸

𝐹 𝑞

𝑄

𝐹 = 𝐸𝑞 𝐹 =
1

4𝜋𝜀0

𝑞𝑄

𝑟2

𝐸𝑞 =
1

4𝜋𝜀0

𝑞𝑄

𝑟2

𝐸𝑞 =
1

4𝜋𝜀0

𝑞𝑄

𝑟2

𝐸 =
1

4𝜋𝜀0

𝑄

𝑟2
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∆𝑉  (
𝑊

𝑞
)

∆𝑉 =
𝑊

𝑞

∆𝑉

𝑊 

𝑞 

𝑊 = 𝑞∆𝑉

𝑊 = 1.6 x 10−19 x 100 x 103

𝑊 = 1.6 x 10−14 J

𝑒𝑉

𝑒𝑉 −

𝑒𝑉

𝐸J 𝐸(𝑒𝑉)

𝐸(𝑒𝑉) =
𝐸J

1.6 x 10−19

𝐸(𝑒𝑉) 𝐸(𝐽)

𝐸(J) = 𝐸(𝑒𝑉) x 1.6 x 10−19 
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𝑑 ∆𝑉

𝐸 =  
∆𝑉

𝑑

• 𝐸 =  
∆𝑉

𝑑

• 𝑎⃗ =
𝑞𝐸⃗⃗

𝑚

•  𝑎⃗⃗⃗ ⃗ =
𝑞𝐸⃗⃗

𝑚

• 

𝑑

𝐸

𝑊 𝑞

𝑊 = ∆𝑉𝑞 𝑊 = 𝐹𝑑

∆𝑉𝑞 = 𝐹𝑑

∆𝑉𝑞 = 𝐸𝑞𝑑

∆𝑉 = 𝐸𝑑

𝐸 =
∆𝑉

𝑑
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 𝑞
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• 

• 

• 

𝑞 𝐹

𝐸

𝐹 = 𝐸𝑞

𝐹H

𝐹H = 𝐹𝑐𝑜𝑠𝜃

𝐹H = 𝐹𝑐𝑜𝑠90

𝐹H = 0
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𝐸 =
∆𝑉

𝑑

𝐸 =
1.0 x 103

0.050

𝐸 = 2.0 x 104 𝑉. m−1

𝑎 =
𝐸𝑞

𝑚

𝑎 =
2.0 x 104 x 1.6 x 10−19

9.11 x 10−31

𝑎 = 3.5 x 1015 m. s−2

𝑠v = 𝑣v𝑡 +
1

2
𝑎v𝑡2

𝑠v = (0 x 𝑡) +
1

2
𝑎v𝑡2

𝑠v =
1

2
𝑎v𝑡2

𝑠v =
1

2
(3.5 x 1015)(2.4 x 10−9)2

𝑠v = 0.010 m    (1.0 cm)
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• 

𝐼

𝑞

𝐼 =
𝑞

∆𝑡
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Oe Oe

• 

• 

• 
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Oe

Oe
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• 

• 

𝐵⃗ 

CO
PYRIG

HT S
A
STA

 2
017



𝐵 =
𝜇0𝐼

2𝜋𝑟
 

• 𝐵 =
𝜇0𝐼

2𝜋𝑟

𝐵

𝐵 =
𝜇0𝐼

2𝜋𝑟

𝐵

𝐼 

𝑟

𝜇0

𝜇0) 

𝜋

𝐵 =
𝜇0𝐼

2𝜋𝑟

𝐵 =
4𝜋 x 10−7 x 1.5

2𝜋(0.50)

𝐵 = 6.0 x 10−7 T

𝑟 =
𝜇0𝐼

2𝜋𝐵

𝑟 =
4𝜋 x 10−7 x 500

2𝜋(2.2 x 10−5)

𝑟 = 4.5 m
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𝜇𝑇 𝑟 

𝑟
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• 

• 

• 

𝐵
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• 

• 𝑟 =
𝑚𝑣

𝐵𝑞
𝑟 𝑞 𝑚

𝑣 𝐵

• 𝑟 =
𝑚𝑣

𝐵𝑞

𝐹 𝑣

𝐹 = 𝑞𝑣𝐵 (
𝑚𝑣2

𝑟
)

𝐹 =
𝑚𝑣2

𝑟

𝑞𝑣𝐵 =
𝑚𝑣2

𝑟

𝑞𝑣𝐵 =
𝑚𝑣2

𝑟

𝑞𝑣𝐵 =
𝑚𝑣2

𝑟

𝑞𝐵 =
𝑚𝑣

𝑟

𝑟 =
𝑚𝑣

𝑞𝐵
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Δ𝑉

𝑊

𝑊 = 𝑞∆𝑉

𝑞

𝑊 = 𝑞∆𝑉

𝑊 = 1.6 x 10−19 x 50 x 103

𝑊 = 8.0 x 10−15 J
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• 

• 𝑇 =
2𝜋𝑚

𝐵𝑞
𝑇

• 𝐸𝑘 =
𝑞2𝐵2𝑟2

2𝑚
𝐸𝑘 𝑟

• 𝐸𝑘 =
𝑞2𝐵2𝑟2

2𝑚
𝐸𝑘

• 𝑇 =
2𝜋𝑚

𝐵𝑞
𝐸𝑘 =

𝑞2𝐵2𝑟2

2𝑚

• 
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𝑣

𝑟

𝑟 =
𝑚𝑣

𝑞𝐵

𝑟 ∝ 𝑣
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𝑇 =
2𝜋𝑟

𝑣
𝑣 =

𝑟𝑞𝐵

𝑚

𝑇 =
2𝜋𝑟

𝑟𝑞𝐵/𝑚

𝑇 =
2𝜋𝑟𝑚

𝑟𝑞𝐵

𝑇 =
2𝜋𝑟𝑚

𝑟𝑞𝐵

𝑇 =
2𝜋𝑚

𝑞𝐵

𝑣

𝑓

𝑓 =
1

𝑇
𝑇 =

2𝜋𝑚

𝑞𝐵

𝑓 =
1

2𝜋𝑚/𝑞𝐵

𝑓 =
1𝑞𝐵

2𝜋𝑚

𝑓 =
𝑞𝐵

2𝜋𝑚

𝑞

𝑚 𝐵
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𝐸𝑘

𝐸𝑘 =
1

2
𝑚𝑣2 𝑣 =

𝑟𝑞𝐵

𝑚

𝐸𝑘 =
1

2
𝑚 (

𝑟𝑞𝐵

𝑚
)

2

𝐸𝑘 =
1

2
𝑚 (

𝑟2𝑞2𝐵2

𝑚2 )

𝐸𝑘 =
𝑚𝑟2𝑞2𝐵2

2𝑚2

𝐸𝑘 =
𝑚𝑟2𝑞2𝐵2

2𝑚2

𝐸𝑘 =
𝑟2𝑞2𝐵2

2𝑚

𝑟
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 2
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𝑡 =
1

√1 − 𝑣2/𝑐2
𝑡0

𝑡0 = 𝑡 x √1 − 𝑣2/𝑐2

𝑡0 = 62.3 x 10−9 x √1 −
(0.98 x 3.00 x 108)2

(3.00 x 108)2

𝑡0 = 1.24 x 10−8 s

𝑡0 = 12.4 ns

𝑠

𝑠 = v𝑡

𝑠 = (0.98 x 3.00 x 108)(62.3 x 10−9)

𝑠 = 18.3 m

𝑙0

𝑙 =
𝑙0

𝛾

𝑙 = 𝑙0 x √1 − (𝑣2/𝑐2)

𝑙 = 0.42 x √1 −
(0.85 x 3.0 x 108)2

(3.0 x 108)2

𝑙 = 0.22 m

𝑡 =
𝑙0

𝑣

𝑡 =
3.20 x 103

(0.995 x 3.00 x 108)

𝑡 = 1.07 x 10−5 s

𝑙 =
𝑙0

𝛾

𝑙 = 𝑙0 x √1 − (𝑣2/𝑐2)

𝑙 = 3.20 x 103 x √1 −
(0.995 x 3.00 x 108)2

(3.00 x 108)2

𝑙 = 320 m    (319.6)

𝑡0 =
𝑙

𝑣

𝑡0 =
319.6

(0.995 x 3.00 x 108)

𝑡0 = 1.07 x 10−6 s

𝑡
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 2
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𝑡0

𝑡 =
𝑙0

𝑣

𝑡 =
54.6 x 109

(0.75 x 3.00 x 108)

𝑡 = 243 s

𝑙 =
𝑙0

𝛾

𝑙 = 𝑙0 x √1 − (𝑣2/𝑐2)

𝑙 = 54.6 x 109 x √1 −
(0.75 x 3.00 x 108)2

(3.00 x 108)2

𝑙 = 35.7 x 109 m

𝑡0 =
𝑙

𝑣

𝑡0 =
35.7 x 109

(0.75 x 3.00 x 108)

𝑡0 = 159 s

𝑚 = 𝑚0γ

𝑚 = 𝑚0 x 
1

√1 − (𝑣2/𝑐2)

𝑚 =
9.11 x 10−31 x 

1

√1 −
(0.995 x 3.00 x 108)2

(3.00 x 108)2

𝑚 =  9.12 x 10−30 kg

𝑝 = 𝑚𝑣

𝑝 = (9.12 x 10−30) x (0.995 x 3.00 x 108)

𝑝 =  2.72 x 10−21 kg. m. s−1

𝑣2

𝑐2
= 1 − (

𝑚0

𝑚
)

2

𝑣2

𝑐2
= 1 − (

9.11 x 10−31

9.12 x 10−30
)

2

𝑣2

𝑐2
= 0.99

𝑣2 = 0.99 x 𝑐2

𝑣 = √0.99 x (3.00 x 108)2

𝑣 = 2.99 x 108 m. s−1

𝑣 =
2.99 x 108 

𝑐 

𝑣 =
2.99 x 108 

3.00 x 108 

𝑣 = 0.995𝑐
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𝑡 =
𝑙0

𝑣

𝑡 =
0.30

(0.30 x 3.00 x 108)

𝑡 = 3.33 x 10−9 s

𝑡 =
1

√1 − 𝑣2/𝑐2
𝑡0

𝑡0 = 𝑡 x √1 − 𝑣2/𝑐2

𝑡0 = 3.33 x 10−9 x √1 −
(0.30 x 3.00 x 108)2

(3.00 x 108)2

𝑡0 = 3.18 x 10−9 s

𝑙 = 𝑣𝑡0

𝑙 = (0.30 x 3.00 x 108) x (3.18 x 10−9) 

𝑙 = 0.29 m     (0.289)

𝑚 = 𝑚0γ

𝑚 = 𝑚0 x 
1

√1 − (𝑣2/𝑐2)

𝑚 =
9.11 x 10−31 x 

1

√1 −
(0.30 x 3.00 x 108)2

(3.00 x 108)2

𝑚 =  9.55 x 10−31 kg

𝑝 = 𝑚𝑣

𝑝 = (9.55 x 10−31) x (0.30 x 3.00 x 108)

𝑝 =  8.60 x 10−23 kg. m. s−1

𝜃

𝑣1 𝜃 = arctan
𝑣1

𝑣2

𝑣

𝑣 = √
2𝑞𝑉

𝑚
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