Week 4 Homework

Physics 1B
January 31, 2007

1 Serway C17.2

The fundamental idea about a conductor is that charges in a conductor are free
to move. This can allow them to position themselves such that the electric field
they cause is opposite in direction but equal in magnitude within the conductor
to any electric field externally caused. However, it takes time for them to move
to these positions (the better the conductor, the less time it takes the charge
carriers to move).

In a current-carrying wire, charges are being added to and taken away from
a given portion of wire. So before the charges can position themselves to cancel
the electric field, some are taken away and some are added to the portion of
wire. The charge carriers aren’t able to cancel the external electric field due to
this problem.

2 Serway C17.3

The charge carriers don’t fall because gravity is not the only force acting on
them. Their masses are small, so gravitational effects are not as large the
repulsion the electrons feel from the presence of the other free electrons.

Charges reside on the surface of a conductor with a net charge. If the
conductor does not have a net charge, the charges remain uniformly distributed
throughout the metal. If the charges in a neutral conductor went to the surface,
they would leave a net positive charge inside the conductor.

3 Serway C17.8

If you only have one hand out, you have less opportunity to touch two parts of
the circuit at once. If you touched two parts of the circuit at once, you would
connect the circuit and current would flow through you. No fun!



4 Serway C17.13

Resistance is caused by collisions between charge carriers and other atoms. In
the absence of these collisions, which slow down drift velocity, drift velocity
would increase. This would cause current to increase since current and drift
velocity are proportional (assuming n, q, and A are unchanged).

5 Serway P17.2

5.1 Concepts

The drift speed of electrons in a conductor is given by
I = nqugA (1)

where I is the current through the conductor, n is the number of free charge
carriers in the conductor, q is the charge of an individual charge carrier, vg is the
drift velocity of a charge carrier within the conductor (the effective velocity of
the charge carriers, taking collisions into account), and A is the cross-sectional
area of the conductor.

5.2 Application

n = number of free electrons/m? (2)
= 7.50 x 10%®/m3 (3)
A = cross sectional area of conductor (4)
= 4.00 x 10~%m? (5)
I = current through conductor (6)
= 2504 (7)

Solving for v; and substituting (looking only at one cubic meter of the conductor
so that the number of charge carriers is the number given above, and noting
that the charge carriers, either protons or electrons, have charge e),

1

Vd = 71(]7 (8)
B 2.50A
~ (7.50 x 1028)(1.60 x 10~19C)(4.00 x 10-6m?2) )
= 52x10"°m/s (10)



6 Serway P17.4

6.1 Concepts

Current is charge moved per unit time:

_Q
I_At

The SI unit of current is an ampere (A), which is 1 C/s.

6.2 Application
We are given that the current of 60.0 x 107%A. Solving the above for Q,

Q = IAt
= (60.0 x 1075C/s)(1s)
= 60.0x 10¢C

Knowing that each electron has charge e = 1.60 x 10719C,

n = number of electrons hitting screen in 1 s
lelectrons

1.60 x 10*19C>

3.75 x 10 electrons

(60.0 x 1076C)(

(11)
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