
Phys-101   Week 4

Physique générale : mécanique (classe inversée en anglais) 
Prof. Emma Tolley,  29 September 2025



Evening sessions

• From week 4 up to and including week 13, optional support 
sessions will be offered by the Centre Propédeutique. Teaching 
assistants will be on hand to answer your questions and provide 
guidance with the exercises. 

• Tuesday in CE 1 101, from 5.30 to 7 

• Thursday in MA A1 10, from 6.15 to 7.45 
•
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Newton’s laws
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⃗p = m ⃗vState of motion:

1st Law:

2nd Law:

3rd Law:

if ∑ ⃗F = 0,
d ⃗p
dt

= 0

∑ ⃗F =
d ⃗p
dt ∑ ⃗F = m ⃗aIf mass is constant:

⃗F 1 = − ⃗F 2, ∑ ⃗F internal = 0⃗
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Special Relativity

Quantum Mechanics

Faster: Comparable 
to speed of light 3 × 108m/s

Small: Near 
or less than

10−9m

Classical Mechanics 
• Larger than an atom 
• Much slower than light   
• Lighter than black holes & 

neutron stars

Heavier/denser: black 
holes & neutron stars

General Relativity



Around the bend
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Trolley problem #1

6

m⃗F
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Trolley problem #2

m⃗F



Locomotive
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Fictitious forces
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m ⃗aℛ′￼
(P) = ∑ ⃗F ext − m[ ⃗aℛ(A) + ⃗ω ∧ ( ⃗ω ∧ AP) + 2 ⃗ω ∧ ⃗vℛ′￼

(P)]

⃗ω = constant



Fictitious forces
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m ⃗aℛ′￼
(P) = ∑ ⃗F ext − m[ ⃗aℛ(A) + ⃗ω ∧ ( ⃗ω ∧ AP) + 2 ⃗ω ∧ ⃗vℛ′￼

(P)]

⃗ω = constant

Transport force Centrifugal force Coriolis force



Fictitious forces
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m ⃗aℛ′￼
(P) = ∑ ⃗F ext − m[ ⃗aℛ(A) + ⃗ω ∧ ( ⃗ω ∧ AP) + 2 ⃗ω ∧ ⃗vℛ′￼

(P)]

⃗ω = constant

Transport forces Centrifugal force Coriolis force

Not to be confused with the 
centripetal force, which is 
not fictitious!



Fictitious forces
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m ⃗aℛ′￼
(P) = ∑ ⃗F ext − m[ ⃗aℛ(A) + ⃗ω ∧ ( ⃗ω ∧ AP) + 2 ⃗ω ∧ ⃗vℛ′￼

(P)]

⃗ω earth

⃗ω = constant

| ⃗ω earth | =
2π

24 hours
= ≈ 7 × 10−5s−1



Fictitious forces
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m ⃗aℛ′￼
(P) ≈ ∑ ⃗F ext − 2m ⃗ω ∧ ⃗vℛ′￼

(P)
⃗ω = constant

⃗ω earth

| ⃗ω earth | =
2π

24 hours
= ≈ 7 × 10−5s−1



Coriolis Force
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x

y

⊙z

⃗v
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⃗ω earth

⃗F g = m ⃗g, g ≈ 10 m/s2⃗F cor = − 2m ⃗ω ∧ ⃗vℛ′￼
(P)

Coriolis Force
ωearth = 7 × 10−5s−1

Under what conditions will 
the magnitudes of these 

forces be be similar?
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⃗ω earth

⃗F g = m ⃗g, g ≈ 10 m/s2⃗F cor = − 2m ⃗ω ∧ ⃗vℛ′￼
(P)

acor = | ⃗F cor | /m = 2 ω vℛ′￼
(P) sin θ

Coriolis Force

for sin θ = 1, vℛ′￼
(P) = 70,000 m/s

acor ≈ g ≈ 10 m/s2

ωearth = 7 × 10−5s−1



Coriolis Force
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Coriolis Force
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Coriolis Force
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Ballistics
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Fall time
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⃗v0



Battleships
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A B



Water guns
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Top-down view

Water gun
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Exercise
James Bond escapes from a hovering helicopter. 
He falls vertically in freefall, without friction. His 
friend must save him with her motorcycle. She 
starts from a ramp pointing towards James Bond, 
who is hanging from the helicopter. She leaves 
the ramp at a speed of v0, and at the same time, 
James lets go of the helicopter. Will she be able 
to save him?


