Physics Il: 1702

Gravity, Electricity, & Magnetism

Professor Jasper Halekas
Van Allen 70 [Clicker Channel #18]
MWF 11:30-12:30 Lecture, Th 12:30-1:30 Discussion




Clicker Practice

Please set your clickers to channel #18
(press Channel-18-Channel)

After | open polling, please press ‘D’
We should see all D’s on the results

This time, after | open polling, first press ‘D’
Now, press’'A’

We should see all A’'s on the results



Introductions |

Where are you from?

lowa
Other state in U.S.A.

Outside of U.S.A.
Another planet



Introductions I

What is your major?

Physics
Astronomy
Math
Physics and ...
Other



UNIVERSITY OF CALIFORNIA
Berkeley




Newton’s Laws

Newton’s Laws

1. A body will remain at rest, or moving at a constant velocity,
unless it is acted on by an unbalanced force.

2. The force experienced by an object is proportional to its mass
times the acceleration it experiences:
—

F=ma

3. If two bodies exert a force on one another, the forces are equal
in magnitude, but opposite in direction:

F12:_F21




Force of Gravity Near Surface

Force gravitational acceleration
mass (inertia) (9.8 m/s? at surface of Earth)



Force of Gravity in Vector Form

The force of gravity can be written in vector
form as follows (defining g as a positive
constant, and the y axis upward):

A

F=-mg§
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What is a Field?

A field is a physical quantity that has a value
for each pointin space and time (according to
Wikipedia)
A field is just a fancy name for a function of vector
coordinates (could also depend on time)

Scalar field F = F(x,y,z) = F(r)

Vector field F’= F{x,y,z) = F(7)
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Time-Varying Vector 2-d Field

Los Arfgele

San Diego

Houston




3-d Scalar Field




3-d Vector Field

3D Vector Field

\\ VYA /50




Gravitational Field Near Surface

We will define the gravitational field as the
gravitational force per unit mass

Near the surface, the gravitational field is

constant and equal to the gravitational
acceleration g times a downward vector

g=-gy



Gravitational Field Near Surface

R R 2 N R A AR AR
R R A R R AR
R I R R AR IR 2 AR AR
SRR A AR A R AN AR 2R R AR AR

Convention: Length of arrows proportional to magnitude of field



«; W= Fdcos 6




Work Done by Gravity

How much work does gravity do on a box of

mass m as you push it up the ramp of length
D shown below?

A.-mgL /6 f
B. -mgD D o
C. mgD - 3
D. -mgh L =D cosb

E. mgh
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Path Integrals
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Potential Energy

-or gravity, the work done along any path

oetween two points is the same, regardless of
nath

This is equivalent to stating that gravity is a
potential force

For any potential force, we can define a potential
energy:

AU =-W



Work-Energy Theorem and

Conservation of Energy

The work energy theorem tells us:
AKE =W

For a potential force, this implies:
AKE =-AU

Can instead write:
AKE + AU =0
This is conservation of total mechanical energy



Gravitational Potential Energy Near

Surface

W =-mgAy
AU = -W = mgAy
The zero of potential energy is arbitrary

If you set potential energy equal to zero aty =
o, then:

U =mgy



Gravitational Equipotentials

Note that the gravitational potential is also a field —a scalar field



