
𝐸𝑎𝑟𝑡ℎ

𝐸𝑎𝑟𝑡ℎ

𝐸𝑎𝑟𝑡ℎ

100

100

100 𝐹௚ =
𝐺𝑚ଵ𝑚ଶ

𝑟ଶ
⎯⎯⎯⎯⎯⎯⎯

𝐹௚ =
6.67 × 10ିଵଵ(5.98 × 10ଶସ)(100)

(6.38 × 10଺)ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐹௚ = 979.9 𝑁

250,000

9𝐸9

𝐹௚ = 𝑚𝑔

𝐹௚ = 100 × 9.8

𝐹௚ = 980 𝑁

𝐹௚ =
𝐺𝑚ଵ𝑚ଶ

𝑟ଶ
⎯⎯⎯⎯⎯⎯⎯

𝐹௚ =
6.67𝐸 − 11(5.98𝐸24)(100)

(6.38𝐸6 + 250000)ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐹௚ = 907.4 𝑁

𝐹௚ =
𝐺𝑚ଵ𝑚ଶ

𝑟ଶ
⎯⎯⎯⎯⎯⎯⎯

𝐹௚ =
6.67𝐸 − 11(5.98𝐸24)(100)

(6.38𝐸6 + 9𝐸9)ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐹௚ = 4.92𝐸 − 4 𝑁

𝐸𝑎𝑟𝑡ℎ

100

∞

𝐸௣ = −
𝐺𝑀𝑚

𝑟
⎯⎯⎯⎯⎯

𝐸௣ = −
6.67 × 10ିଵଵ(5.98 × 10ଶସ)(100)

6.38 × 10଺
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐸௣ = −6.25 × 10ଽ 𝐽 𝐸௣ = 𝑚𝑔ℎ

𝐸௣ = 𝑚𝑔(0)

𝐸௣ = 0 𝐽

𝐸௣ = −
𝐺𝑀𝑚

𝑟
⎯⎯⎯⎯⎯

𝐸௣ = −
6.67𝐸 − 11(5.98𝐸24)(100

6.38𝐸6 + 250000
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐸௣ = −6.01𝐸9 𝐽

𝐸௣ = −
𝐺𝑀𝑚

𝑟
⎯⎯⎯⎯⎯

𝐸௣ = −
6.67𝐸 − 11(5.98𝐸24)(100)

6.38𝐸6 + 9𝐸9
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐸௣ = −2.58𝐸6 𝐽

𝐸௣ஶ = −
𝐺𝑀𝑚

𝑟
⎯⎯⎯⎯⎯

𝐸௣ஶ = −
6.67𝐸 − 11(5.98𝐸24)(100)

6.38𝐸6 + ∞
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐸௣ஶ = 0 𝐽

𝐹௚ =
𝐺𝑚ଵ𝑚ଶ

𝑟ଶ
⎯⎯⎯⎯⎯⎯⎯

𝐹௚ =
6.67𝐸 − 11(5.98𝐸24)(100)

(6.38𝐸6 + ∞)ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐹௚ = 0 𝑁

𝐹௚: 𝑇ℎ𝑒 𝐺𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐹𝑜𝑟𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑎𝑛𝑦 𝑡𝑤𝑜 𝑂𝑏𝑗𝑒𝑐𝑡𝑠 𝑎𝑛𝑦𝑤ℎ𝑒𝑟𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒. (𝑁𝑒𝑤𝑡𝑜𝑛)

𝐸௣: The Potential Energy a massive object has in relation to another due to gravity. (Joules)

𝑔 =
𝐺𝑀

𝑟ଶ
⎯⎯⎯

𝐸𝑎𝑟𝑡ℎ

Near Centre
𝐸୮ ≈ −∞J

Surface
𝐸௣ ≈ −6𝐸9𝐽

Far Away
𝐸௣ ≈ −3𝐸6𝐽

At Infinity
𝐸௣ ≈ 0𝐽

100

6.38𝐸6𝑚

Distance from Earth

𝐸௣ 𝑟

𝐸 ∝ −
1

𝑟
⎯⎯

𝑟
𝐸௣ஶ ≈ 0

𝐸௣ = 𝑔𝑚𝑟

 𝑊 = 𝑚𝑔ℎ
Obviously:)!

𝐹௚ =
𝐺𝑚ଵ𝑚ଶ

𝑟ଶ
⎯⎯⎯⎯⎯⎯⎯ 𝐸௣ஶ = −

𝐺𝑀𝑚

𝑟
⎯⎯⎯⎯⎯

Near Centre
𝐹௚ ≈ ∞𝑁

Surface
𝐹௚ = 980𝑁

Far Away
𝐹௚ ≈ 0.0005𝑁

At Infinity
𝐹௚ ≈ 0𝑁

Weaker

𝐸௣≈଴ ≈∞

E

𝑚𝑔ℎ = 𝐸௣௙ − 𝐸௣௜ ; 𝑟 < 10000𝑚
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100

5000

100

𝑊 = ∆𝐸
𝑊 = ∆𝐸௞ + ∆𝐸௣

𝑊 = ∆𝐸௣

𝑊 = 𝐸௣௙ − 𝐸௣௜

𝑊 = −
𝐺𝑀𝑚

𝑟௙
⎯⎯⎯⎯⎯− −

𝐺𝑀𝑚

𝑟௜
⎯⎯⎯⎯⎯

𝑊 = −
6.67𝐸 − 11(5.98𝐸24)(100)

6.38𝐸6 + 5000
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ − −

6.67𝐸 − 11(5.98𝐸24)(100)

6.38𝐸6
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑊 = −6246922475 − −6251818182 𝐽
𝑊 = 4895707

𝑊 = 4.89 × 10଺ 𝐽

𝑣 = 0

𝑣 = 0

; 𝐸௞ = 0

𝐸𝑎𝑟𝑡ℎ

𝐸𝑎𝑟𝑡ℎ

100

250,000

𝑊 = ∆𝐸
𝑊 = ∆𝐸௞ + ∆𝐸௣

𝑊 = ∆𝐸௣

𝑊 = 𝐸௣௙ − 𝐸௣௜

𝑊 = −
𝐺𝑀𝑚

𝑅
⎯⎯⎯⎯⎯− −

𝐺𝑀𝑚

𝑟
⎯⎯⎯⎯⎯

𝑊 = −
6.67𝐸 − 11(5.98𝐸24)(100)

6.38𝐸6 + 250000
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ − −

6.67𝐸 − 11(5.98𝐸24)(100)

6.38𝐸6
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑊 = −6016078431 − −6251818182 𝐽
𝑊 = 235739751

𝑊 = 2.36 × 10଼𝐽

100

𝐸௣ = 𝑚𝑔ℎ

𝐸௣ = 100(9.8)(5000)

𝐸௣ = 4.9 × 10଺ 𝐽

𝑊 = 𝐺𝑀𝑚 ቆ
1

𝑟௜
⎯⎯−

1

𝑓
⎯⎯ቇ

6.38𝐸6𝑚

𝐸௣ ≠ 𝑚𝑔ℎ ;  ℎ > 10000𝑚

𝐸௣௜ + 𝐸௞௜ + ∆𝐸 = 𝐸௣௙ + 𝐸௞௙

   𝐸௣௜+𝐸௞௜ + 𝑊 = 𝐸௣௙ + 𝐸௞௙

                        𝑊 = ൫𝐸௣௙ − 𝐸௣௜൯ + ൫𝐸௞௙ − 𝐸௞௜൯

𝑊 = ∆𝐸
𝑊 = ∆𝐸௣ + ∆𝐸௞

𝑊 = ൫𝐸௣௙ − 𝐸௣௜൯ + ൫𝐸௞௙ − 𝐸௞௜൯

𝑊 = ∆𝐸

𝑊ℎ𝑎𝑡 𝑖𝑠 𝑡ℎ𝑒 𝐺𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐹𝑜𝑟𝑐𝑒, 𝐹௚, 𝑎𝑛𝑑 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑤𝑖𝑛𝑠 𝑜𝑓 50𝑘𝑔 5 𝑚 𝑎𝑝𝑎𝑟𝑡?

𝐹௚ =
𝐺𝑚ଵ𝑚ଶ

𝑟ଶ
⎯⎯⎯⎯⎯⎯⎯

𝐹௚ =
(6.67 × 10ିଵଵ)(50)(50)

((5)ଶ)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐹௚ = 6.67 × 10ିଽ 𝑁

𝐸௣ = −
𝐺𝑀𝑚

𝑟
⎯⎯⎯⎯⎯

𝐸௣ = −
6.67𝐸 − 11(50)(50)

5
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐸௣ = 3.36𝐸 − 8 𝐽

P12 - 7.2 - Fg Ep Work to Height Notes
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100 ;  𝑂𝑟𝑏𝑖𝑡

𝐸𝑎𝑟𝑡ℎ

250,000 𝑚

        𝐹௚= 𝐹௖

𝐺𝑀𝑚

𝑟ଶ
⎯⎯⎯⎯⎯= 𝑚𝑎௖

𝐺𝑀𝑚

𝑟ଶ
⎯⎯⎯⎯⎯= 𝑚

𝑣ଶ

𝑟
⎯⎯⎯

    
𝐺𝑀

𝑟
⎯⎯⎯ = 𝑣ଶ

        𝑣 = ඨ
𝐺𝑀

𝑟
⎯⎯⎯

⎯⎯⎯
 

        𝑣 = ඨ
6.67𝐸 − 11 × 5.98𝐸24

(6.38𝐸6 + 250000)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
 

        𝑣 = 7756.338
𝑚

𝑠
⎯⎯

; 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑜𝑏𝑗𝑒𝑐𝑡 𝑖𝑠 𝑖𝑟𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡

𝑎௖ =
𝑣ଶ

𝑟
⎯⎯⎯100

𝐸𝑎𝑟𝑡ℎ

𝑂𝑟𝑏𝑖𝑡

𝐸௣ = −
𝐺𝑀𝑚

𝑟
⎯⎯⎯⎯⎯

𝐸௣ = −
6.67𝐸 − 11(5.98𝐸24)(100)

6.38𝐸6
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐸௣ = −6.25𝐸9 𝐽

𝐸௣ = −
𝐺𝑀𝑚

𝑟
⎯⎯⎯⎯⎯

𝐸௣ = −
6.67𝐸 − 11(5.98𝐸24)(100)

6.38𝐸6 + 250000
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐸௣ = −6.01𝐸9 𝐽

𝐸௞ =
1

2
⎯⎯ 𝑚𝑣ଶ

𝐸௞ = 0

𝐸௞ =
1

2
⎯⎯ 𝑚𝑣ଶ

𝐸௞ =
1

2
⎯⎯(100)(7756.338)ଶ

𝐸௞ = 3.01𝐸9 𝐽

𝑊 = ∆𝐸
𝑊 = ∆𝐸௣ + ∆𝐸௞

𝑊 = ൫𝐸௣௙ − 𝐸௣௜൯ + ൫𝐸௞௙ − 𝐸௞௜൯

𝑊 = ൫−6.01𝐸9 − (−6.25𝐸9)൯ + (3.01𝐸9 − 0)

𝑊 = 3.26𝐸9 𝐽

; 𝐸௞௜ = 0

𝐹௖ = 𝐹௖
; 𝑂𝑟𝑏𝑖𝑡

       𝐸௣௜ + 𝐸௞௜ + 𝑊 = 𝐸௣௙ + 𝐸௞௙

−6.25𝐸9 + 0 + 𝑊 = −6.01𝐸9 + 3.01𝐸9
                              𝑊 = ⋯ Or

To Change Orbit 𝑣 = #

𝑊 = 𝐺𝑀𝑚 ቆ
1

𝑟௜
⎯⎯−

1

𝑟௙
⎯⎯ቇ + ቆ

1

2
⎯⎯𝑚𝑣௙

ଶ −
1

2
⎯⎯𝑚𝑣௜ቇ

𝑊 =
𝐺𝑀𝑚

2
⎯⎯⎯⎯⎯൭ቆ

2

𝑟௜
⎯⎯−

2

𝑟௙
⎯⎯ቇ + ൫𝑣௙

ଶ − 𝑣௜
ଶ൯൱

…

P12 - 7.3 - Velocity in/Work to Orbit Notes
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100

𝐸𝑎𝑟𝑡ℎ

𝑎 = 2

         ΣF = ma
𝐹் − 𝐹௚ = 𝑚𝑎

         𝐹் = 𝑚𝑎 + 𝑚𝑔
          𝐹்= 𝑚(𝑎 + 𝑔)
         𝐹் = 100(2 + 9.8)

         𝐹் = 1180 𝑁

𝐹𝐵𝐷

𝐹்

𝐹௚

+

𝐹௚

P12 - 7.4 - Dyn Thrust to Accelerate Notes
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It takes 20 s for a car of m = 2000kg to drive around a circular track with a r = 15 m. Find v of the car. 
Find the "a" of the car. Find the Centripetal Force on the car.

2000

𝑟 = 15

𝑣 =
𝑑

𝑡
⎯⎯

𝑣 =
94.25

20
⎯⎯⎯⎯⎯

𝑣 = 4.71
𝑚

𝑠
⎯⎯

𝑑 = 2𝜋𝑟
𝑑 = 2𝜋(15)
𝑑 = 30𝜋 𝑚
𝑑 = 94.25 𝑚

𝑎௖ =
𝑣ଶ

𝑟
⎯⎯⎯

𝑎௖ =
4.71ଶ

15
⎯⎯⎯⎯⎯

𝑎௖ = 1.48
𝑚

𝑠ଶ
⎯⎯

𝐹௖ = 𝑚𝑎௖

𝐹௖ = (2000)(1.48)
𝐹௖ = 2960.88 𝑁

𝐹௖ = 𝑚
4𝜋ଶ𝑟

𝑇ଶ
⎯⎯⎯⎯⎯

𝐹௖ =
(2000)(4)𝜋ଶ(15)

20ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐹௖ = 2960.88 𝑁𝑇 = 20𝑠

What friction coefficient is 
required for the car not to 
slide off the track?

    𝐹௖ = 𝐹௙

𝑚𝑎௖ = µ𝑚𝑔

     µ =
𝑎௖

𝑔
⎯⎯

     µ =
1.48

9.8
⎯⎯⎯⎯

     µ = 0.15

Or
Top View

1 𝑚
1 𝑚

2 𝑘𝑔

2 𝑘𝑔

𝑣 = 5
𝑚

2
⎯⎯𝑣 = ? =

𝐹𝐵𝐷
𝐹௖ = 𝑇 − 𝐹௚

𝑇 = 𝐹௖ + 𝐹௚

𝑇 = 50 + 19.6
𝑇 = 69.6 𝑁

𝑇 = ? = 69.6𝑁

𝐹௚

𝐹௖ =
𝑚𝑣ଶ

𝑟
⎯⎯⎯⎯

𝐹௖ =
2(5)ଶ

1
⎯⎯⎯⎯⎯

𝐹௖ = 50 𝑁

𝐹௚ = 𝑚𝑔

𝐹௚ = 2 × 9.8

𝐹௚ = 19.6 𝑁

𝑇

𝐹௚

Find tension force at bottom.

2m

𝐹௖ ∶ 𝐶𝑒𝑛𝑡𝑟𝑖𝑝𝑖𝑡𝑎𝑙, 𝑇ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑜𝑟𝑐𝑒𝑠 𝑡𝑜𝑤𝑎𝑟𝑑𝑠 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑟𝑒 𝑚𝑖𝑛𝑢𝑠 𝑡ℎ𝑒 𝑜𝑛𝑒𝑠 𝑎𝑤𝑎𝑦 (𝑛𝑜𝑡 𝑖𝑛 𝐹𝐵𝐷!)

P12 - 7.5 - Pendulum Car Flat Circle Notes
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A 2 kg mass on a 0.7 m string is spun around a circle with a period T of 1.2 s. Find the T in the 
string at the top and bottom of path. 𝑇𝑜𝑝

𝐵𝑜𝑡𝑡𝑜𝑚

𝐹௖ = 𝑇 + 𝐹௚

 𝑇 = 𝐹௖ − 𝐹௚

 𝑇 = 38.38 − 19.6
𝑇 = 18.78 𝑁

𝐹௖ = 𝑇 − 𝐹௚

 𝑇 = 𝐹௖ + 𝐹௚

 𝑇 = 38.38 + 19.6
𝑇 = 57.98 𝑁

𝐹௚ = 𝑚𝑔

𝐹௚ = 2(9.8)

𝐹௚ = 19.6 𝑁

𝐹௖ =
𝑚4𝜋ଶ𝑟

𝑇ଶ
⎯⎯⎯⎯⎯⎯

𝐹௖ =
(2)(4)(𝜋ଶ)(0.7)

1.2ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝐹௖ = 38.38 𝑁

What is the minimum v of 
the object at the top of the 
circular path to remain in 
circular motion? 

𝑇 = 0
      𝐹௖= 𝑇 + 𝐹௚

𝑚𝑣ଶ

𝑟
⎯⎯⎯⎯ = 𝑚𝑔

      𝑣 = √𝑔𝑟⎯⎯⎯ 

      𝑣 = ඥ9.8(0.7)
⎯⎯⎯⎯⎯⎯⎯ 

      𝑣 = 2.62
𝑚

𝑠
⎯⎯𝐹௚

𝐹௚ 𝑇

𝑇 = 1.2𝑠

Side View

0.7𝑚

2

2

A 2 kg cart follows a circular path 𝑟 = 10𝑚 with 𝑣 = 20
௠

௦
⎯⎯. Find 𝐹௡ at the top and bottom.

𝐹௚

𝐹௚ 𝐹௡ 𝐹௖ = 𝐹௡ + 𝐹௚

𝐹௡ = 𝐹௖ − 𝐹௚

𝐹௡ = 80 − 19.6
𝐹௡ = 60.4𝑁𝐹௡

Side
View 𝐹௡ = 0      𝐹௖= 𝑇 + 𝐹௚

     𝐹௖ = 𝐹௚

𝑚𝑣ଶ

𝑟
⎯⎯⎯⎯ = 𝑚𝑔

    
𝑣ଶ

𝑟
⎯⎯⎯= 𝑔

      𝑣 = √𝑔𝑟⎯⎯⎯ 

      𝑣 = ඥ9.8(0.7)
⎯⎯⎯⎯⎯⎯⎯ 

      𝑣 = 2.62
𝑚

𝑠
⎯⎯

10m

What is the minimum velocity 
required for a cart not to fall 
off the circular path.

𝑣 = 20

𝐹௚ = 𝑚𝑔

𝐹௚ = 2(9.8)

𝐹௚ = 19.6 𝑁

𝐹௖ = 𝑚𝑎௖

𝐹௖ =
𝑚𝑣ଶ

𝑟
⎯⎯⎯⎯

𝐹௖ =
2(20)ଶ

10
⎯⎯⎯⎯⎯⎯

𝐹௖ = 80𝑁

2 2 2

2

𝑎௖ =
𝑣ଶ

𝑟
⎯⎯⎯

𝐹௖ = 𝐹௡ − 𝐹௚

𝐹௡ = 𝐹௖ + 𝐹௚

𝐹௡ = 80 + 19.6
𝐹௡ = 100.6𝑁

𝑇

 𝐹௚: 𝑆𝑡𝑟𝑎𝑖𝑔ℎ𝑡 𝑑𝑜𝑤𝑛

  𝑇: 𝑇𝑜𝑤𝑎𝑟𝑑𝑠 𝑐𝑒𝑛𝑡𝑟𝑒
𝐹௡ : 𝐴𝑤𝑎𝑦 𝑓𝑟𝑜𝑚 𝑔𝑟𝑜𝑢𝑛𝑑

𝑇𝑜𝑝

𝐵𝑜𝑡𝑡𝑜𝑚
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𝐴 2𝑘𝑔 𝑐𝑎𝑟𝑡 𝑔𝑜𝑒𝑠 𝑜𝑣𝑒𝑟 𝑎 𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟 ℎ𝑖𝑙𝑙 𝑜𝑓 𝑟 = 15 𝑎𝑡 5
𝑚

𝑠
⎯⎯.  𝐹𝑖𝑛𝑑 𝐹௡ 𝑎𝑡 𝑡𝑜𝑝. 

𝐹௚

𝐹௡

𝐹௚

𝑣 = 5

2 2

𝐹௚ = 𝑚𝑔

𝐹௚ = 2(9.8)

𝐹௚ = 19.6 𝑁

𝐹௖ = 𝑚𝑎௖

𝐹௖ =
𝑚𝑣ଶ

𝑟
⎯⎯⎯⎯

𝐹௖ =
2(5)ଶ

10
⎯⎯⎯⎯⎯

𝐹௖ = 5𝑁

𝐹௖ = 𝐹௚ − 𝐹௡

𝐹௡ = 𝐹௚ − 𝐹௖

𝐹௡ = 19.6 − 5
𝐹௡ = 14.6𝑁

𝑇𝑜𝑝

𝐹௚ = 𝑚𝑔

𝐹௚ = 2(9.8)

𝐹௚ = 19.6 𝑁

𝐹௖ = 𝑚𝑎௖

𝐹௖ =
𝑚𝑣ଶ

𝑟
⎯⎯⎯⎯

𝐹௖ =
2(5)ଶ

10
⎯⎯⎯⎯⎯

𝐹௖ = 5𝑁

𝐹௖ = 𝐹௡ − 𝐹௚

𝐹௡ = 𝐹௖ + 𝐹௚

𝐹௡ = 5 + 19.6
𝐹௡ = 24.6𝑁

𝐵𝑜𝑡𝑡𝑜𝑚

𝐹௡ = ? = 14.6𝑁

𝐹௡ = 0

      𝐹௖= 𝐹௚ − 𝐹௡

𝑚𝑣ଶ

𝑟
⎯⎯⎯⎯ = 𝑚𝑔

      𝑣 = √𝑔𝑟⎯⎯⎯ 

      𝑣 = ඥ9.8(15)
⎯⎯⎯⎯⎯⎯⎯ 

      𝑣 = 12.1
𝑚

𝑠
⎯⎯

Find the minimum v 
not to take air.

15

15

𝐴 2𝑘𝑔 𝑐𝑎𝑟𝑡 𝑔𝑜𝑒𝑠 𝑑𝑜𝑤𝑛 𝑎 𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟 ℎ𝑖𝑙𝑙 𝑜𝑓 𝑟 = 15 𝑎𝑡 5
𝑚

𝑠
⎯⎯.  𝐹𝑖𝑛𝑑 𝐹௡ 𝑎𝑡 𝑏𝑜𝑡𝑡𝑜𝑚. 

𝑣 = 20

2

2

2Side View

Side
View
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𝐸௞௜ + 𝐸௣௜ = 𝐸௞௙ + 𝐸௣௙

        𝑚𝑔ℎ =
1

2
⎯⎯𝑚𝑣௙

ଶ

             𝑣௙ = ඥ2𝑔ℎ
⎯⎯⎯⎯ 

             𝑣௙ = ඥ(2)(9.8)(0.2)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

             𝑣௙ = 1.98
𝑚

𝑠
⎯⎯

𝐴 2𝑘𝑔 𝑏𝑎𝑙𝑙 𝑡𝑟𝑎𝑣𝑒𝑙𝑠 5
𝑚

𝑠
⎯⎯𝑎𝑡 𝑖𝑛 𝑎 𝑐𝑖𝑟𝑐𝑙𝑒 𝑟 = 1 𝑚 𝑜𝑛 𝑎 2𝑚 𝑠𝑡𝑟𝑖𝑛𝑔. 𝐹𝑖𝑛𝑑 𝑇. …

𝐹௖

𝑣 = 5

𝐹௚ = 𝑚𝑔

𝐹௚ = 2(9.8)

𝐹௚ = 19.6 𝑁

𝐹௖ =
𝑚𝑣ଶ

𝑟
⎯⎯⎯⎯

𝐹௖ =
2(5)ଶ

5
⎯⎯⎯⎯⎯

𝐹௖ = 10𝑁

5
2

2

2

Side View

𝐴 2𝑘𝑔 𝑚𝑜𝑑𝑒𝑙 𝑝𝑙𝑎𝑛𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑠 20
𝑚

𝑠
⎯⎯𝑎𝑡 𝑖𝑛 𝑎 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑐𝑖𝑟𝑐𝑙𝑒 𝑟 = 10. 𝐹𝑖𝑛𝑑 𝐹௡𝑜𝑛 𝑡ℎ𝑒 𝑝𝑖𝑙𝑜𝑡. 

𝐹௡ 𝐹௚

𝐹௡

𝐹௡

𝐹௡

𝐹௚

𝐴 2𝑘𝑔 𝑚𝑜𝑑𝑒𝑙 𝑝𝑙𝑎𝑛𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑠 20
𝑚

𝑠
⎯⎯𝑎𝑡 𝑖𝑛 𝑎 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑐𝑖𝑟𝑐𝑙𝑒 𝑟 = 10. 𝐹𝑖𝑛𝑑 𝐹௡𝑜𝑛 𝑡ℎ𝑒 𝑝𝑖𝑙𝑜𝑡. 

𝐹௚ = 𝑚𝑔

𝐹௚ = 2(9.8)

𝐹௚ = 19.6 𝑁

𝐹௖ = 𝑚𝑎௖

𝐹௖ =
𝑚𝑣ଶ

𝑟
⎯⎯⎯⎯

𝐹௖ =
2(20)ଶ

10
⎯⎯⎯⎯⎯⎯

𝐹௖ = 80𝑁

𝐹௚ = 𝑚𝑔

𝐹௚ = 2(9.8)

𝐹௚ = 19.6 𝑁

𝐹௖ = 𝑚𝑎௖

𝐹௖ =
𝑚𝑣ଶ

𝑟
⎯⎯⎯⎯

𝐹௖ =
2(20)ଶ

10
⎯⎯⎯⎯⎯⎯

𝐹௖ = 80𝑁

𝐹௖ = 𝐹௡ + 𝐹௚

𝐹௡ = 𝐹௖ − 𝐹௚

𝐹௡ = 80 − 19.6
𝐹௡ = 60.4𝑁 𝐹௖ = 𝐹௡ − 𝐹௚

𝐹௡ = 𝐹௖ + 𝐹௚

𝐹௡ = 80 + 19.6
𝐹௡ = 100.6𝑁

𝑇𝑜𝑝

𝐵𝑜𝑡𝑡𝑜𝑚

𝐹௚

𝐹௚

𝐹௖ = 𝐹௚ − 𝐹௡

𝐹௡ = 𝐹௚ − 𝐹௖

𝐹௡ = 19.6 − 80
𝐹௡ = −60.4𝑁

𝐹௖ = −𝐹௡ − 𝐹௚

𝐹௡ = −𝐹௖ − 𝐹௚

𝐹௡ = −80 − 19.6
𝐹௡ = −99.6𝑁

𝐵𝑜𝑡𝑡𝑜𝑚

𝑇𝑜𝑝

How strong must 
the seat belt be?

> 99.6𝑁
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