Physics 4B FINAL EXAM Chapters 22 - 34 Spring 1998
Name: Posting Code

Solve the following problems in the space provided. Use the back of the page if needed. Each problem isworth
10 points. Y ou must show your work in alogical fashion starting with the correctly applied physical principles
which are on the last page. Y our score will be maximized if your work is easy to follow because partial credit will
be awarded. If you want your grade posted, put alphanumeric charactersin the three spaces at the top right.

1. The charge g,=+10.0uC and the charge q,=-12.0uC. At

some instant in time they are a distance 5.60cm apart as shown

at the right. (a)Sketch the electric field of the charge g, in the 5.60cm g
drawing at the right. (b)Find the magnitude of electric field felt [ o) : >

by the charge g,. (c)Find the electric force on the chargeq, and E, / qQ, F d,
(d)sketch the direction of the force vector in the drawing at the \

right.

(b)The electric field felt by g, is the field created by the point
chargeq,,

10.0x10°°

b |E,= 2.87x10'%
(0.0560)?

E, = k% = (9.00x10°%)

(c)Using the definition of electric field,
E,= qﬁ P F=q,E, =(12.0x10°)(2.87x10") b [F = 344N

2

2. The sketch at the right shows two wires that are perpendicular to the
page. Wire 1 carries a current of 160mA into the page and wire 2 carriesa
current of 120mA out of the page. The wires are 2.00mm apart, 10.0pm
in diameter and 3.20m long. (a) Sketch the magnetic field of wire 1 in the
drawing at theright. (b)Find the magnitude of magnetic field felt by wire
2. (c)Find the magnetic force on wire 2 and (d)sketch the direction of the
force vector in the drawing at the right.

(b)The magnetic field felt by wire 2 isthe field created by the long straight
wire 1,

~myJ, _ (2.00x10 ")(0.160)
2pr 0.00200

b [B, = 16.0mT

1

Qc)Ug ng tbe definition of magnetic field,

F=1,/" B,p F=1,/B, =(0.120)(3.20)(16.0m) b [F = 6.14nN



3. For each situation described below write the Maxwell Equation that describes or explainsthe field. Name
the equation and indicate which terms on the right hand side are relevant and which can be ignored.

(&) The dectric field due to a stationary point charge:
Gauss's Law for Electricity g‘)E dA = eﬂ . Charges create diverging electric fields.

(0]
(b)The magnetic field due to a current carrying wire:

. Thefirst term isthe current and the second is zero in this case.

Ampere's Law ¢ - ds = wb% +mye, d(':te
(c)The loop theorem:

Faraday's Law g‘)E_ ds=- % . Assuming there is no changing magnetic flux the right side is zero.
(d)The voltage induced in a coil when it isremoved from a magnetic field:

Faraday's Law g‘)E_ ds =- % . The changing magnetic flux creates a voltage.

(e)The dectric field between the plates of a charging capacitor:

Gauss's Law for Electricity g‘)E . dA = e—i . The charges on the plate create the electric field.

(F)The magnetic field between the plates of a charging capacitor:

Ampere'sLaw ¢ - ds = m)% +mye, d(';[e
the changing eectric flux creates the magnetic field.

. Thereisno current between the plates, so thefirst termis zero and

4. Find the potential at the origin due to a semicircular arc of radius R with a Ay

linear charge density | (C/m). dq

The potential due to the point chargedq is:
AV =k dq R

Thereis no need to worry about components for potential because it isn't a v >
vector. The total potential is, X

V= d< _k—(plq
Q.

Summing the total charge, V = kﬁ

Thetota charge will be the linear charge density times the length of the arc,

IpR I
V =kpl =
=k P 4e

[¢]




5. The charge on C3 shown in the circuit at the right is 8.00uC. Find (a)the | |
potential difference across each capacitor, (b)the charge on each capacitor and (c)the Cll I
voltage of the battery (C;=4.00uF, C»=6.00uF and C3=12.0uF).

—_ Cy
The voltage across C, can be found Vv c
using the definition of capacitance, 3
QUO) | CR) | V(v) | usnotecdinionclcp ya
V, == =— =0.667V.
C, 12

12.0 4.00 3.00

Since C, isin parallel with C,, they both have the same potential
difference. Now, the charge on C, can be found,

Q, =C,V, =(6)(0.667) = 4.00mC.
4.00 6.00 0.667 Since C, isin serizes wi%h %he combination of C, and C;, the charge
on C, must equal the sum of the chargeson C, and C,.

Q,=Q,+Q,=4+8=120nC
8.00 12.00 0.667 Thevoltage across C, is,
v, =& =2 3000
V batery = 3.67V G 4

By the loop theorem, the voltage on the battery should be the sum
of the voltage on C, and either C, or C,.
V=V, +V, =3+0.667 =3.67V

6. In the lab you conducted the e/m experiment by accelerating electrons with a potential difference of 2500V and
sending them into a magnetic field which was adjusted so that the radius of curvature was 26.0cm. Find (a)the
speed of the electrons and (b)the strength of the magnetic field. Some data you will need is on the last page.

(&) The Law of Conservation of Energy requires the electric potential energy lost by the electron equal the kinetic
energy it gains,

- 19
DU=-DK b &V =1m’b v= [2ev :\/2(1.60x10 )(2500) v =2.96x10 /s,
m 9.11x10°%

(b) When the electron enters the magnetic field, Newton’s Second Law requires,
SF=mab evB=ma.
Since the motion is circular the acceleration is centripetal,

2 -31 7
aB=mLp g=Vv_(O11x10 39(2.96x10 )
r er  (1.60x10 *)(0.260)

b [B=650m).



7. Find the magnetic field at the point P caused by the current | in the 90°
circular arc of radius R.

Use the Biot Savart Rule B = %O‘\ ldfz r
Sinceds and r are parallel for all the straight sections of the wire, these

sections create no magnetic field at the point P. Thefield at Pisdue only

to the circular arc along which ds and T are perpendicular so B points
into the page and

|dS” ¥| = (ds)(1)sin90° = ds.
The magnitude of thefield is,

- mJdds. ml . ml _apg_ml
B=—= = — =——R=-"=—
40 OR7 = 3pr7 07 3pr7 Vo206 ™ R

8. An RL circuit contains a100+1Wresistor. Thetime for the voltage on the resistor to drop from 1.50V down to
0.750V is 175x2ps. Find (a)the inductance of the circuit and (b)the uncertainty in the inductance. Assume the
voltages are exact. The manufacturer claims the inductance is 30.0mH within 20%. (c)Which number should you
use for the inductance, the experimenta or the manufacturer's? Explain.

(a)For a“discharging inductor” | =1 e o
UsingOhm'sRule, V = IR=I,Re* = Ve ',

Rt (100)(175x10 °)
|n%b ln(Z)

VA ]

(b) The uncertainty equation is from the multiplication ruleis,
aDRy’ iy’ \/ael 5, @2
DL=L,[x—, +—, P DL=(252)\|x;— +:—_ =0.4mH.

\/eRﬂ eto (252)\ ¢1000 * 750
Using proper significant figures,[L = 25.2+ 0.4mH]|.

Solving for theinductance, L = P L =252mH

(c)While both numbers are in agreement, the experimental value is the one to use because it has a smaller
uncertainty.



9. Anidea 280mH inductor is connected to a 60.0Hz - 15.0V rms power supply. Find the rms current through
the inductor.

The impedance of an inductor is, C, =wL =2pfL.

Using the definition of impedance, C °© v Pl = Yims = Vims 150 P |l ns =142mA
| C, 2pfL  2p(60.0)(0.280)

10. Find the total power radiated by the sun assuming that 1400W/m? is the intensity of the sunlight reaching
Earth. The sunis 1.50x10™m away and the radius of Earth is 6.37x10°m.

Since the sun radiates EM waves uniformly in all directionsthis intensity will be the same over the surface area of
aspherethat is 1.50x10" m away.
. — _ : . P P
Using the definition of power and the definition of intensity, | © v =—= 5.
Adt A 4dpr

ving for the power, P = 14pr° = p)(1.50x = 3.96x .
Solving for th P = 14pr® = (1400)(4p)(1.50x10™)? b [P = 3.96x10°°W|




