Physics 51  LECTURE 3 October 10,201 |

Newton’s Laws |.inertia inertial reference frames
2.F/a = mass is a property of matter
3.F.s = - Fr ., momentum conservation

Forces need to be specified: approximate vs. fundamental

Friction and Drag forces formulas are approximate:
Firiction = MN, Fdrag = -bv (low speed)
= -kv? (high speed), k=pACad/2

Fundamental Forces (Gravity, Electromagnetism,

Weak and Strong Interactions) on the Cosmic Uroboros:
different forces are important at different size scales.
Other forces may be discovered on smaller size scales.
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Fundamental Forces
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Elementary Particles and Forces
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Drag at Low and High Speeds

Fl) = —hvV

Farag = -bv (low speed) S —

Fgrav + Fdrag = Mg - bVterminal = 0 ' /
mg I

= |OW SpEEd Vterminal = mg/b

Fdrag = -kv? (hlgh SpEEd), k=pACd/2
where p=density of air, A=area of object,
and Cq=drag coefficient, ~1

Fgrav + Fdrag = MQ - I((Vterminal)z =0

= high speed Vterminal = [Mg/K] 1/2 = [ng/pACd]l/Z
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Drag at Low and High Speeds

Fp = -bv

Farag = -bv (low speed) I S
low speed Vterminal = mMg/b ' / ,

mg

Farag = -kv? (high speed), k=pACqy/2
where p=density of air, A=area of object,
and Cyq=drag coefficient ~1, g=10 m/s?
high speed Vterminal = [2mg/pACq]*/?

Animals all have density about the same as water,

~1 g/cm3. Suppose an animal has linear dimension L.
Then m~L3 while A~L2, SO Vierminai~LY2. A mouse has
L~5 cm and a human has L~1 m. The ratio of their A's is
~400, so the ratio of their terminal velocities is ~20.

For a skydiver, Vterminal ~ 55 m/s ~ 200 km/hr. But a
parachute (A --> 100 A) can slow Vterminal to ~ 5 m/s.
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® Fundamental Forces (Gravity, Electromagnetism,
Weak and Strong Interactions) on the Cosmic Uroboros:
different forces are important at different size scales. Other
forces may be discovered on small size scales.

® Fiiction = MN and Drag forces formulas are approximate:
Fdrag — -bV (IOW SPGEd), Vterminal — mg/b
= -kv? (high speed), k=pACa/2, Vterminal = [2mg/pACq]'"2

® |n accelerating reference frames there are “pseudoforces”
Foseudo = Ma, where a is the acceleration of the frame.
Einstein: gravity is a pseudoforce which is eliminated in
inertial (freely falling) reference frames

e Introduction to Special Relativity
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Galilean—Newtonian Relativity

Definition of an inertial reference frame: One in which Newton’s first law is
valid.

A frame moving with a constant velocity with respect to an inertial
reference frame is itself inertial.

Earth is rotating and has gravity, and therefore is not an inertial reference
frame -- but we can treat it as one for many purposes.

Relativity principle:

The basic laws of physics are the same in all inertial reference frames.
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Galilean—Newtonian Relativity

This principle works well for mechanical phenomena.

However, Maxwell’s equations yield the velocity of light c; it is 3.0 x 108 m/s.

So, which is the ether reference frame in which light travels at that speed?

The 1887 Michelson-Morley experiment was designed to measure the
speed of the Earth with respect to the ether.

The Earth’s motion around the Sun should produce small changes in
the speed of light, which would be detectable through interference

when the split beam is recombined.
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Michelson-Morley Experiment
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Special Relativity is based on two postulates:

|. The Principle of Relativity: If a system of
coordinates K is chosen so that, in relation to it,
physical laws hold good in their simplest form
[i.e.,, K is an inertial reference system], the same
laws hold good in relation to any other system
of coordinates K' moving in uniform translation
relatively to K.

2. Invariance of the speed of light: Light in
vacuum propagates with the speed c in terms of
any system of inertial coordinates, regardless of
the state of motion of the light source.
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