Physics 2212 K Quiz #3 Solutions
Summer 2019

. (16 points) An infinitely long cylindrical conducting wire has radius R. A current flows along the wire with
non-uniform current density J. The magnitude of the current density varies with distance, r, from the
cylinder axis according to

=g, Rem
T

where J, is a positive constant.

What is the magnitude of the magnetic field at a distance » = 2R from the center of the wire? Express your
answer in terms of parameters defined in the problem and physical or mathematical constants.

Use Ampere’s Law. Choose a circular Amperian Loop with radius 2R centered on the wire.
7{ B-ds = polinra  and 7{ B -ds = B2 (2R) = BAnR

Find the current from the current density. Choose the area element to be thin rings of radius r and width
dr. Choose the direction of dA so it is parallel to J.

o R p R R 1
Tibru = /J -dA = / J07€_T/R cos02nrdr = 27rJDR/ e "R gy = —27TJ0R2/ e /R (R) dr
0 0 0

R
= —2rJ,R%e /R

— —onJ,R? (e—R/R - e—O/R) =21 J,R% (1 — 1/e)
0

So
Mo Jo R

?fé cds = ol = BATR = p2nJ,R? (1 —1/e) = B 5 (1=1/e)
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II. (16 points) In the circuit shown, what is the current through the

400 € resistor?

Re-draw the circuit “neater” and assign symbols to the emf and
resistances.

9V=||I + =||I +

E
80 Q) R,
‘%4000 IOOQ§ %Rl R3§’
300 60 Q) R, Rs

Find the equivalent resistance of the circuit. Resistors R4 and Rj
are in parallel.

1 1\ ! 1 1\ !
Ris=(—+—) =(—+—) =200
4 (R4+R5> (309+60§2)

Resistors Ry and Rys5 are in series.
Roys = Ro + Rys =800 +20€ = 10092

Resistors Roy45 and R3 are in parallel.

1 1\ ! 1 1\t
Rasss (R245 - R3> (1009 - 1009) b

Resistors R; and Ras345 are in series.
Ry2345 = Ry + Razys = 4002 + 50 Q = 4500

From the definition of resistance, the current supplied by the emf
is

AViggss & 9V

= = =0.02A
R12345 R12345 450 Q

AV =1IR = 112345 =

Since resistors Ry and Ro345 are in series, the current through Ry,
the 400 Q resistor, is the same as the current through Ri2345, or

20mA

. (6 points) If positive current directions are defined by the arrows as
shown, and current through the 400 (2 resistor is I4gg, etc., which
equation is a valid expression of Kirchhoff’s Loop Law?
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=
&
Ry Rozas

Kirchhoff’s Loop Law is that the sum of potential differences around a closed loop is zero. Remember that
current flows from high to low potential through a resistor. Therefore, when following such a closed loop,
traversing a resistor in the direction of current flow decreases the potential, while traversing it opposite the
direction of current flow increases the potential. The only offered choice consistent with this is:

9V + Tigo (10092) + Tgo (60€2) + Iso (30 92) — Iygo (400€2) =0
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ITI. (16 points) A conducting rectangular loop is 22cm high, 44 cm .00 R L
wide, and has a resistance of 162. Through the left half is a X[[X X X o o eo]e
magnetic field of 2.0T into the page, while through the right side 2 cm| % ><2'(>)<T X ® 2'QT o lle
is a magnetic field of 2.0 T out of the page, as shown. At time
t = 0 the field magnitude into the left half begins to decrease XX X X o o o jo
at 0.50T/s, while the magnitude out of the right half begins to X X X X © © o o
increase as 0.50 T'/s. What is the current in the loop 1.0s later? If
the current must be zero, prove it. 22 cm 22 cm

Use Faraday’s Law to find the emf induced in the loop.

B d<I>B_—d a_;d
E=— i dt/ dA = i /BCOSHdA

As current direction is not asked, only magnitudes need be considered. Although the magnetic field depends
on position, the emf depends only the change in magnetic field. The field and area vectors are either parallel
or anti-parallel (that is, cos is either 1 or —1).

d
€] dt/d’ ‘

The current can be found using the definition of resistance.

‘ ' = (0.22m) (0.44m) (0.50 T/s) = 0.0484 V

E 0.0484V

2. (6 points) In the problem above, what direction does current flow in the loop at time ¢ = 1.0s?

With the magnetic field into the left half decreasing and that out of the right half increasing, the magnetic
flux is becoming more outward everywhere in the loop. Lenz’ Law requires that the current flow to oppose
this change. Therefore, the current will flow to make a magnetic field into the page in the center of the loop.
By the short-cut Right-Hand-Rule, this current is

Clockwise
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3. (8 points) A negatively-charged particle is moving in the yz-plane. At the moment when it passes through

the origin, its velocity is given by y4
U= 7+ —k
\/> \/>
If a, b, and c are positive constants, what is the direction of the magnetic v
field at point A on the positive z-axis?
Use the Biot-Savart Law.
A y

5 Mo qQUXT
dr gy

With 7 in the 4+ direction, the Right-Hand-Rule shows us that ¥ x 7 is down and to the right on the page
(positive y and negative z). Since the particle is negative, ¢ x # must be in the opposite direction, up and
to the left on the page (negative y and positive z). That direction is expressed by

—bj+ ck

4. (8 points) A long straight wire carries current I in the +z direction. A nearby square loop lies in the x—y
plane and carries a current I that is counter-clockwise when viewed from a position on the +z axis, as shown.
How, if at all, will the loop rotate if released from this position?

Using the short-cut Right-Hand-Rule for the magnetic field due Long straight wire —__
to a long straight wire, the field is in the +y direction at the
location of the loop. Using the short-cut Right-Hand-Rule for
the magnetic field in the center of a loop, the loop’s magnetic

field, and thus its magnetic moment, is in the +z direction.
The torque on a current loop

7=jxB

tends to align the magnetic moment with the field. So ...

It will rotate clockwise as viewed from the +x axis.
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5. (8 points) A circuit is constructed with a 48 V battery, a switch, a 30 uF capacitor, an 8 Q2 and a 16 Q resistor,
as shown.What is the current through the 16 {2 resistor after the switch has been closed for a long time?

Regardless of how long the switch has been
closed, there is always 48 V across the 16

resistor. From the definition of resistance, +

CAVR 48V 48V

I =
R 16Q

8 Q
16 ©

= 30 uF

6. (8 points) A circuit is constructed with a 48V battery, a switch, a 30mH inductor, an 8 and a 16
resistor, as shown. The switch has been closed for a long time. What is the current through the 16 2 resistor

immediately upon opening the switch?

When the switch has been closed a long time,

there are no more changes in current, so there

is no emf induced in the inductor. There is

48V across the 8 Q resistor. From the defini- 48
tion of resistance there are

A 4
_AVe BV _ o

1
R 80

through it. As the inductor is in series with
the 8 resistor, the current through the in-

8 Q
16 Q

30 mH

ductor must also be 6.0 A. When the switch is opened, the inductor opposes any change in current, and
maintains 6.0 A for an instant. That current must pass through the 16 {2 resistor.

6.0A
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7. (8 points) The circuit shown to the right contains three light bulbs rated at 100 W. Compare the brightnesses
of the bulbs after the switch has been closed to their original brightnesses, when the switch is open. Hint:
Consider the potentials across the bulbs.

While the switch is open, bulbs A and C each have potential differ-
ence £/2 across them, and bulb B has potential difference £. After
the switch is closed, bulbs A and B each have potential difference £ A B @
across them, and bulb C has no potential difference across it (it is +

shorted out). Since the current through the bulbs is proportional to -1
the potential difference, and the current determines the brightness, —m

Bulb A becomes brighter, bulb B remains at the same 8
brightness, and bulb C becomes dimmer. C
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