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The ball’s velocity relative to ground : 

Ԧ𝑣0𝑔 = 𝑣0𝑥 − 𝑣𝑠 Ƹ𝑖 + 𝑣0𝑦 Ƹ𝑗

𝑣0𝑦𝑡 −
1

2
𝑔𝑡2 = 0

𝑡 =
2𝑣0𝑦

𝑔

Δ𝑥𝑏𝑔 = 𝑣𝑜𝑥 − 𝑣𝑠 𝑡

Time it take to retouch ground

Displacement relative to ground



(a,b) So we have 

Δ𝑥𝑏𝑔 = 𝑣𝑜𝑥 − 𝑣𝑠
2𝑣0𝑦
𝑔

𝑣𝑜𝑥 =
𝑣𝑜𝑥
𝑣0𝑦𝑔

=
20𝑔

2𝑔
= 1𝑔 = 10 𝑚/𝑠

𝑣0𝑦 = 2𝑔 = 20 Τ𝑚 𝑠

2𝑣𝑜𝑥𝑣0𝑦
𝑔

= 40

2𝑣0𝑦
𝑔

= 4

(c,d)
we have 

Δ𝑥𝑏𝑠 = 𝑣𝑜𝑥
2𝑣0𝑦
𝑔

= 40𝑚 This does not depend on velocity of  sled 𝑣𝑠

Δ𝑥𝑏𝑔 = 40 − 4 × 𝑣𝑠



𝑣 =
50,000 𝑚

3,600 𝑠
= 13.89 𝑚/𝑠

1ℎ = 60min× 60𝑠/min =3,600 𝑠

𝑣 = 8.0 𝑚/𝑠𝑣 = 50𝑘𝑚/ℎ

8.0 𝑚/𝑠

13.89 𝑚/𝑠

𝜃

𝜃 = arctan
13.89

8
= 60.06∘



35∘

3.30 𝑘𝑚

9.40 𝑘𝑚

(a)

𝑦 = 𝑥 tan 𝜃0 −
𝑔𝑥2

2 𝑣0 cos 𝜃0
2

𝑣0𝑥 = 𝑣0 cos 𝜃0

𝑣0𝑦 = 𝑣0 sin 𝜃0

𝑥 = 𝑣0𝑥𝑡

𝑦 = 𝑣0𝑦
𝑥

𝑣0𝑥
−
1

2
𝑔

𝑥

𝑣0𝑥

2

𝑥 = 9400 𝑚
𝑦 = 3300 𝑚

𝑣0 =
𝑥

cos 𝜃0

𝑔

2 𝑥 tan 𝜃0 − 𝑦
≈ 255𝑚/𝑠

(b) 𝑡 =
𝑥

𝑣0𝑥
=

9400 𝑚

Τ255𝑚 𝑠 cos 35∘
= 45 𝑠

(c)
𝐹𝑎𝑖𝑟 = 𝑐 ⋅ 𝐴 ⋅ 𝑣2

𝑣𝑎𝑖𝑟 < 𝑣0𝑥

𝑂𝑟

𝑣𝑎𝑖𝑟 > 0

Makes the 𝑣0 increase 

𝑣𝑎𝑖𝑟 > 𝑣0𝑥

Makes the 𝑣0 decrease 





𝑎 =
𝑣2

𝑟
= 0.05 𝑔

𝑣 =
216 000 𝑚

3600 𝑠
= 60 𝑚/𝑠

𝑟 =
𝑣2

0.05 𝑔
=

Τ60𝑚 𝑠 2

0.05 × 10 𝑚/𝑠2
= 7200 𝑚

(a)

(b)
𝑣 = 𝑎𝑟 = 0.05𝑔 1000𝑚 ≈ Τ22.36𝑚 𝑠 = 80.5 𝑘𝑚/ℎ



= 430 km/h

= 400 km/h Bullet Trains





𝑣1 = 80 𝑘𝑚/ℎ

𝑣2 = 650 𝑚/𝑠

𝑣1 = 23.61 𝑚/𝑠

𝑣2 × 80%cos 𝜃 = 𝑣1

𝜃

𝜃 = cos−1
𝑣1

0.8 × 𝑣2
= cos−1

23.61

0.8 × 650
= 87∘

𝜃′

𝜃′ = 180∘ − 87∘ = 93∘



30𝑘𝑔

10𝑘𝑔

40𝑘𝑔

𝑚𝐵 +𝑚𝐶 𝑔 = 𝑚𝐴 +𝑚𝐵 +𝑚𝐶 𝑎

𝑎 =
𝑚𝐵 +𝑚𝐶

𝑚𝐴 +𝑚𝐵 +𝑚𝐶
𝑔 =

5

8
𝑔

C

𝑚𝐶𝑔

𝑇

𝑇 − 𝑚𝐶𝑔 = −𝑚𝐶𝑎

𝑇 = 𝑚𝐶𝑔 −𝑚𝐶𝑎 =
3

8
𝑚𝐶𝑔 = 37.5 𝑁

(a)

(b)

𝑥 =
1

2
𝑎𝑡2 =

5

16
× 10 × 0.25 2 = 0.1953 𝑚



44 𝑁

22 𝑁

?

𝜇𝑠 𝑚𝐴 +𝑚𝐶 𝑔 = 𝑚𝐵𝑔
(a)

𝑚𝑐𝑔 =
𝑚𝐵𝑔 − 𝜇𝑠𝑚𝐴

𝜇𝑠
=
22𝑁 − 0.2 × 44𝑁

0.2
= 66𝑁

(b)
𝑚𝐴 +𝑚𝐵 𝑎 = 𝑚𝐵𝑔 − 𝜇𝑠𝑚𝐴𝑔

𝑎 =
𝑚𝐵𝑔 − 𝜇𝑠𝑚𝐴𝑔

𝑚𝐴 +𝑚𝐵
=
22𝑁 − 0.15 × 44𝑁

22𝑁 + 44𝑁
= 0.233𝑔 = 2.3 𝑚/𝑠




