Intermediate Exam IlI: Problem #1 (Spring '05)

An infinitely long straight current of magnitude I = 6A is directed into the plane (®) and located a distance
d = 0.4m from the coordinate origin (somewhere on the dashed circle). The magnetic field B generated by this

current is in the negative y-direction as shown.

(@) Find the magnitude B of the magnetic field.
(b) Mark the location of the position of the current ® on the dashed circle.
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Intermediate Exam IlI: Problem #1 (Spring '05) hﬁiﬁh'

An infinitely long straight current of magnitude I = 6A is directed into the plane (®) and located a distance
d = 0.4m from the coordinate origin (somewhere on the dashed circle). The magnetic field B generated by this
current is in the negative y-direction as shown.

(@) Find the magnitude B of the magnetic field.
(b) Mark the location of the position of the current ® on the dashed circle.
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Solution: ! 04m
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(a) B= 27Td73yT \\ //
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Intermediate Exam IlI: Problem #1 (Spring '05) hﬁiﬁh'

An infinitely long straight current of magnitude I = 6A is directed into the plane (®) and located a distance
d = 0.4m from the coordinate origin (somewhere on the dashed circle). The magnetic field B generated by this
current is in the negative y-direction as shown.

(@) Find the magnitude B of the magnetic field.
(b) Mark the location of the position of the current ® on the dashed circle.

y
/// AN
7 \
/ \
\
Solution: ! 0.4m
1 T
\ !
o I \ B !
B=Lt0C —3uT.
(a) 2 d # \\ //
(b) Position of current ® is aty = 0, x = —0.4m. AN Pt
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Intermediate Exam IlI: Problem #2 (Spring '05) hﬁiﬁh'

In the circuit shown we close the switch S at time ¢t = 0. Find the current I through the battery and the voltage
V. across the inductor

(a) immediately after the switch has been closed,

(b) avery long time later.
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Intermediate Exam IlI: Problem #2 (Spring '05) hﬁiﬁh'

In the circuit shown we close the switch S at time ¢t = 0. Find the current I through the battery and the voltage
V. across the inductor

(a) immediately after the switch has been closed,

(b) avery long time later.

4Q
2Q 2Q
12V
Solution: T H T
@ 1= 2V 154, Vi = (40)(15A) = 6V.

20+40 120
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Intermediate Exam IlI: Problem #2 (Spring '05) hﬁiﬁh'

In the circuit shown we close the switch S at time ¢t = 0. Find the current I through the battery and the voltage
V. across the inductor

(a) immediately after the switch has been closed,

(b) avery long time later.

4Q
2Q 2Q
12V
Solution: T H T
12V
@) I= m =1.5A, Vi = (40)(1,5A) =6V.
0 1= -2V __37 v, —o.

200+ 20
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Intermediate Exam IlI: Problem #3 (Spring '05)

At time t = 0 the capacitor is charged to Q,.x = 3uC and the current is instantaneously zero.

(a) How much energy is stored in the capacitor at time t = 0?
(b) At what time t; does the current reach its maximum value?

(c) How much energy is stored in the inductor at time t;?

L =40mH

—(m——

C=9uF
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Intermediate Exam IlI: Problem #3 (Spring '05)

At time t = 0 the capacitor is charged to Q,.x = 3uC and the current is instantaneously zero.

(a) How much energy is stored in the capacitor at time t = 0?
(b) At what time t; does the current reach its maximum value?

(c) How much energy is stored in the inductor at time t;?

L =40mH

—(m——

C=9uF

Solution:

2
(@) Uc = =% = 0.5u].

" II

tsl3us




Intermediate Exam IlI: Problem #3 (Spring '05)

At time t = 0 the capacitor is charged to Q,.x = 3uC and the current is instantaneously zero.

(a) How much energy is stored in the capacitor at time t = 0?
(b) At what time t; does the current reach its maximum value?

(c) How much energy is stored in the inductor at time t;?

L =40mH

—(m——

Solution: C= 9MF
2
(@) Uc = e = 05H].

(b) T = %T = 2mVLC = 3.77ms, t % = 0.942ms. | |
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Intermediate Exam IlI: Problem #3 (Spring '05)

At time t = 0 the capacitor is charged to Q,.x = 3uC and the current is instantaneously zero.

(a) How much energy is stored in the capacitor at time t = 0?
(b) At what time t; does the current reach its maximum value?

(c) How much energy is stored in the inductor at time t;?

L =40mH

—(m——

Solution: C= 9MF
2
(@) Uc = et =05

(b) T= %T =2mVLC = 3.77ms, H = % = 0.942ms. | |

(c) Up = Uc =0.5u] (energy conservation.)
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Intermediate Exam IlI: Problem #4 (Spring '05)

Consider the circuit shown. The ac voltage supplied is €& = Eyay cos(wt) with Eyqy = 170V and w = 377rad/s.

(a) What is the maximum value I, of the current?
(b) What is the emf £(¢) at t = 0.01s?
(c) What is the current I(t) at t = 0.01s?
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Intermediate Exam IlI: Problem #4 (Spring '05)

Consider the circuit shown. The ac voltage supplied is €& = Eyay cos(wt) with Eyqy = 170V and w = 377rad/s.

(a) What is the maximum value I, of the current?
(b) What is the emf £(¢) at t = 0.01s?
(c) What is the current I(t) at t = 0.01s?

Solution:

. 16 uF
(a) linax = o )

= Xc = EmaxwC = 1.03A.
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Intermediate Exam IlI: Problem #4 (Spring '05)

Consider the circuit shown. The ac voltage supplied is €& = Eyay cos(wt) with Eyqy = 170V and w = 377rad/s.

(a) What is the maximum value I, of the current?
(b) What is the emf £(¢) at t = 0.01s?
(c) What is the current I(t) at t = 0.01s?

Solution:

. 16 uF
(a) linax = o )

= Xc = EmaxwC = 1.03A.

(b) € = (170V) cos(3.77rad) = (170V)(—0.809) = —138V.
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Intermediate Exam IlI: Problem #4 (Spring '05)

Consider the circuit shown. The ac voltage supplied is €& = Eyay cos(wt) with Eyqy = 170V and w = 377rad/s.

(a) What is the maximum value I, of the current?
(b) What is the emf £(¢) at t = 0.01s?
(c) What is the current I(t) at t = 0.01s?

Solution:

. 16 uF
(a) linax = o )

= Xc = EmaxwC = 1.03A.

(b) & = (170V) cos(3.77rad) = (170V)(—0.809) = —138V.
(0) I = EpgywCcos(3.77rad + 71/2) = (1.03A)(0.588) = 0.605A.
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Unit Exam llI: Problem #4 (Spring '07) !mﬁm.'

A proton (m = 1.67 x 10727kg, 4 = 1.60 x 10~1°C) with velocity v = 3.7 x 10*m/s enters a region of magnetic
field B directed perpendicular to the plane of the sheet. The field bends the path of the proton into a
semicircle of radius » = 19cm as shown.

(a) Find the force necessary to keep the proton moving on the circle
(b) Find the direction (® or ®) and the magnitude of the magnetic field B that provides this force.

(c) Find the time ¢ it takes the proton to complete the semicircular motion.
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Unit Exam llI: Problem #4 (Spring '07) !mﬁm.'

A proton (m = 1.67 x 10727kg, 4 = 1.60 x 10~1°C) with velocity v = 3.7 x 10*m/s enters a region of magnetic
field B directed perpendicular to the plane of the sheet. The field bends the path of the proton into a
semicircle of radius » = 19cm as shown.

(a) Find the force necessary to keep the proton moving on the circle
(b) Find the direction (® or ®) and the magnitude of the magnetic field B that provides this force.

(c) Find the time ¢ it takes the proton to complete the semicircular motion.

Solution:

2
(a) F="" =120 107N,
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Unit Exam llI: Problem #4 (Spring '07) !mﬁm.'

A proton (m = 1.67 x 10727kg, 4 = 1.60 x 10~1°C) with velocity v = 3.7 x 10*m/s enters a region of magnetic
field B directed perpendicular to the plane of the sheet. The field bends the path of the proton into a
semicircle of radius » = 19cm as shown.

(a) Find the force necessary to keep the proton moving on the circle
(b) Find the direction (® or ®) and the magnitude of the magnetic field B that provides this force.

(c) Find the time ¢ it takes the proton to complete the semicircular motion.

Solution:

2
(a) F="" =120 107N,

F
(b) F=quB éB:q—v:Z.O?)xlO’ST. ®

tsl433



Unit Exam llI: Problem #4 (Spring '07) !mﬁm.'

A proton (m = 1.67 x 10727kg, 4 = 1.60 x 10~1°C) with velocity v = 3.7 x 10*m/s enters a region of magnetic
field B directed perpendicular to the plane of the sheet. The field bends the path of the proton into a
semicircle of radius » = 19cm as shown.

(a) Find the force necessary to keep the proton moving on the circle
(b) Find the direction (® or ®) and the magnitude of the magnetic field B that provides this force.

(c) Find the time ¢ it takes the proton to complete the semicircular motion.

Solution:

2
(a) F="" =120 107N,

F
(b) F=quB éB:q—v:Z.O?)xlO’ST. ®

Q vt=nr = t= % —1.61 x 10 %.

tsl433



Intermediate Exam llI: Problem #1 (Spring '06) ey

Consider two infinitely long, straight wires with currents of equal magnitude I; = I, = 5A in the directions
shown.

Find the direction (in/out) and the magnitude of the magnetic fields B; and B, at the points marked in the

graph.
L
a ]31

g
Q

% B,
&

2m  2m —
Iy
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Intermediate Exam llI: Problem #1 (Spring '06) ey

Consider two infinitely long, straight wires with currents of equal magnitude I; = I, = 5A in the directions
shown.

Find the direction (in/out) and the magnitude of the magnetic fields B; and B, at the points marked in the

graph.
L
a B]
g
Q
. % B,
Solution: =
Q
+ By = Mo (DA SAN 0 (no direction). 2m 2m —
2t \4m  4m I
b
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Intermediate Exam llI: Problem #1 (Spring '06) ey

Consider two infinitely long, straight wires with currents of equal magnitude I; = I, = 5A in the directions
shown.

Find the direction (in/out) and the magnitude of the magnetic fields B; and B, at the points marked in the

graph.
L
a B]
g
Q
. °B,
Solution: =
Q
+ By = Mo (DA SAN 0 (no direction). 2m 2m —
2t \4m  4m I
b
., Mo (5A _5AN
By= oo <2m am ) = 025 (out of plane).
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Intermediate Exam Ili: Problem #2 (Spring '06) i

A conducting loop in the shape of a square with area A = 4m? and resistance R = 5Q is placed in the yz-plane
as shown. A time-dependent magnetic field B = B,i is present. The dependence of B, on time is shown
graphically.

(a) Find the magnetic flux ®p through the loop at time ¢t = 0.

(b) Find magnitude and direction (cw/ccw) of the induced current I at time t = 2s.

y
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Intermediate Exam Ili: Problem #2 (Spring '06) i

A conducting loop in the shape of a square with area A = 4m? and resistance R = 5Q is placed in the yz-plane
as shown. A time-dependent magnetic field B = B,i is present. The dependence of B, on time is shown
graphically.

(a) Find the magnetic flux ®p through the loop at time ¢t = 0.

(b) Find magnitude and direction (cw/ccw) of the induced current I at time t = 2s.

y

Choice of area vector: ®/® = positive direction = ccw/cw.

(@) ®p = +(1T)(4m?) = £4Tm?.
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Intermediate Exam Ili: Problem #2 (Spring '06) AT

A conducting loop in the shape of a square with area A = 4m? and resistance R = 5Q is placed in the yz-plane
as shown. A time-dependent magnetic field B = B,i is present. The dependence of B, on time is shown
graphically.

(a) Find the magnetic flux ®p through the loop at time ¢t = 0.

(b) Find magnitude and direction (cw/ccw) of the induced current I at time t = 2s.

y

Choice of area vector: ®/® = positive direction = ccw/cw.
(@) ®p = +(1T)(4m?) = £4Tm?.

(o) 22

& 2V
:>I—E $5—Q—1FO4A (cw).

— £(0.5T/s)(4m?) = £2V = g:fl%:ﬁv,

tsl356



Intermediate Exam Ili: Problem #3 (Spring '06) M

In the circuit shown the switch S is initially open.
Find the current I through the battery
(a) while the switch is open,

(b) immediately after the switch has been closed,

(c) a very long time later.

2Q 3Q

tsl357



Intermediate Exam Ili: Problem #3 (Spring '06) Yy
In the circuit shown the switch S is initially open.
Find the current I through the battery
(a) while the switch is open,
(b) immediately after the switch has been closed,

(c) a very long time later.

20 30
12v = 1.09A.

@ I=—""——
2004+ 30 4 6Q) 12V
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Intermediate Exam Ili: Problem #3 (Spring '06) Yy
In the circuit shown the switch S is initially open.
Find the current I through the battery
(a) while the switch is open,
(b) immediately after the switch has been closed,

(c) a very long time later.

]
6Q
2Q 3Q
12V
@ 1= 830760 = M09 v
12V
) 1= 0 307160 — 1A —

tsl357



Intermediate Exam Ili: Problem #3 (Spring '06) Yy
In the circuit shown the switch S is initially open.
Find the current I through the battery
(a) while the switch is open,
(b) immediately after the switch has been closed,

(c) a very long time later.

|
6Q
2Q 3Q
20+3Q+6Q —
() I= LABREPYIN I

200+ 30

tsl357



Intermediate Exam lli: Problem # (Spring '06) O

Consider the circuit shown. The ac voltage supplied is & = &y cos(wt) with Epay = 170V and w = 377rad/s.

(a) What is the maximum value I,,,, of the current?

(b) What is the emf £ at t = 0.02s?

(c) What is the current I att = 0.02s? (=)
Z

— (D~

L =30mH

tsl358



Intermediate Exam lli: Problem # (Spring '06) O

Consider the circuit shown. The ac voltage supplied is & = &y cos(wt) with Epay = 170V and w = 377rad/s.

(a) What is the maximum value I,,,, of the current?

(b) What is the emf £ at t = 0.02s?

(c) What is the current I att = 0.02s? (=)
Z

— (D~

(a) Tinax = gmax = gmax = ﬂ = 15.0A. L = 30mH

X; wL — 11.30

tsl358



Intermediate Exam lli: Problem # (Spring '06) O

Consider the circuit shown. The ac voltage supplied is & = &y cos(wt) with Epay = 170V and w = 377rad/s.

(a) What is the maximum value I,,,, of the current?

(b) What is the emf £ at t = 0.02s?

(c) What is the current I att = 0.02s? (=)
Z

— (D~

(a) Tinax = gmax = gmax = ﬂ = 15.0A. L = 30mH

X; wL — 11.30
(b) £ = Epax cos(7.54rad) = (170V)(0.309) = 52.5V.

tsl358



Intermediate Exam IlI: Problem #4 (Spring '06)

Consider the circuit shown. The ac voltage supplied is & = &y cos(wt) with Epay = 170V and w = 377rad/s.

(a) What is the maximum value I,,,, of the current?

(b) What is the emf £ at t = 0.02s?

(c) What is the current I att = 0.02s? (=)
Z

— (D~

(a) Tinax = gmax = gmax = ﬂ = 15.0A. L = 30mH

X; wL — 11.30
(b) € = Epax cos(7.54rad) = (170V)(0.309) = 52.5V.
(€) I = Lyay cos(7.54rad — 7/2) = (15.0A)(0.951) = 14.3A.
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Intermediate Exam IlI: Problem #1 (Spring '07) hﬁiﬁh'

Consider a rectangular conducting loop in the xy-plane with a counterclockwise current I = 7A in a uniform
magnetic field B = 3T7.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
n_y
A
> a
X
—_—
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Intermediate Exam IlI: Problem #1 (Spring '07) hﬁiﬁh'

Consider a rectangular conducting loop in the xy-plane with a counterclockwise current I = 7A in a uniform
magnetic field B = 3T7.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
n
A
> a
X
Solution: >
z B

(@) i = (7A)(45m?)k = 315Am°k.
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Intermediate Exam IlI: Problem #1 (Spring '07) hﬁiﬁh'

Consider a rectangular conducting loop in the xy-plane with a counterclockwise current I = 7A in a uniform
magnetic field B = 3T7.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
o
A
> a
. X
Solution: 3
VA

B
(@) i = (7A)(45m?)k = 315Am°k.
(b) E=1IL x B = (7A)(5mj) x (3T7) = —105Nk.
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Intermediate Exam IlI: Problem #1 (Spring '07) YT

Consider a rectangular conducting loop in the xy-plane with a counterclockwise current I = 7A in a uniform
magnetic field B = 3T7.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

Yy
o
A
> a
X
Solution -y
z B

@) ji=
(b) F= IZ B= (7A)(5m]) x (3T1) = —105Nk.
(c) T =ji x B = (315Am?k) x (3T7) = 945Nm]

tsl365



Intermediate Exam Ill: Problem #2 (Spring '07)

151366

Consider two very long, straight wires with currents I; = 6A at x = 1m and I3 = 3A at x = 3m in the directions
shown. Find magnitude and direction (up/down) of the magnetic field

(a) By atx =0,
(b) B, at x =2m, Il: 6A 13: 3A
(c) By at x = 4m. By 0 B, B,
X [m]




Intermediate Exam Ill: Problem #2 (Spring '07)

151366

Consider two very long, straight wires with currents I; = 6A at x = 1m and I3 = 3A at x = 3m in the directions
shown. Find magnitude and direction (up/down) of the magnetic field

(a) By atx =0,
(b) B, atx = 2m, Il: 6A 13: 3A
B B B
(c) By at x = 4m. o @ o2 o
T T T T r x[m]
0 1 2 3 4
Solution:

_ _H(6A)  m(3A) _ .
(@) By = 27(1m) + 27(3m) — 1.2uT 4+ 0.2uT = —1.0uT (down),




Intermediate Exam Ill: Problem #2 (Spring '07)

Consider two very long, straight wires with currents I; = 6A at x = 1m and I3 = 3A at x = 3m in the directions
shown. Find magnitude and direction (up/down) of the magnetic field

(a) By atx =0,
(b) B, atx = 2m, Il: 6A 13: 3A
B B B
(c) By at x = 4m. o @ o2 o
T T T T r x[m]
0 1 2 3 4
Solution:

_ _H(6A)  m(3A) _ .
(@) By = 27(1m) + 27(3m) — 1.2uT 4+ 0.2uT = —1.0uT (down),

_ Ho(6A) | po(3A) _ _
(b) B, = 27(1m) + 27(im) ~ 1.2uT +0.6uT = 1.8uT (up),

151366



Intermediate Exam Ill: Problem #2 (Spring '07) M

Consider two very long, straight wires with currents I; = 6A at x = 1m and I3 = 3A at x = 3m in the directions
shown. Find magnitude and direction (up/down) of the magnetic field

(a) By atx =0,

(b) B, at x = 2m, I,=6A [,=3A

(c) By at x = 4m. ?0 o ]fz Q ]3’4
T T T T r x[m]
0 1 2 3 4

Solution:

__Ho(6A) | m(3A) _ _
(@) By = 2(im) +5 2(3m) 1.2uT +0.2uT = —1.0uT (down),
(b) B 6A) ”0 34) =1.2uT +0.6uT = 1.8uT (up),

Ho(6A) (
(1m) 27t(1m
#o(6A)  po(3A)

2] ~ 2n(imy ~ CAHT —064T = —0.2,T (down).

(c) By =

151366




Intermediate Exam Ill: Problem #3 (Spring '07)

tsl367

A conducting frame with a moving conducting rod is located in a uniform magnetic field as shown.

(a) Find the magnetic flux ®p through the frame at the instant shown.
(b) Find the induced emf £ at the instant shown.

(c) Find the direction (cw/ccw) of the induced current.

2m

ZmI -] v=4m/s

4dm 2m




Intermediate Exam Ill: Problem #3 (Spring '07)

A conducting frame with a moving conducting rod is located in a uniform magnetic field as shown.

(a) Find the magnetic flux ®p through the frame at the instant shown.

(b) Find the induced emf £ at the instant shown.

(c) Find the direction (cw/ccw) of the induced current.

2m

2m

<> <>

Solution:

(@) ®3 = A-B = +£(20m?)(5T) = +100Wh.

tsl367

-] v=4m/s

4dm

2m




Intermediate Exam Ill: Problem #3 (Spring '07)

A conducting frame with a moving conducting rod is located in a uniform magnetic field as shown.

(a) Find the magnetic flux ®p through the frame at the instant shown.

(b) Find the induced emf £ at the instant shown.

(c) Find the direction (cw/ccw) of the induced current.

2m

2m

<> <>

Solution:

(@) ®3 = A-B = +£(20m?)(5T) = +100Wh.

(b) € = —=2F = £(5T)(2m)(4m/s) = +40V.

tsl367

-] v=4m/s

4dm
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Intermediate Exam Ill: Problem #3 (Spring '07)

A conducting frame with a moving conducting rod is located in a uniform magnetic field as shown.

(a) Find the magnetic flux ®p through the frame at the instant shown.

(b) Find the induced emf £ at the instant shown.

(c) Find the direction (cw/ccw) of the induced current.

2m

2m

<> <>

Solution:

(@) ®3 = A-B = +£(20m?)(5T) = +100Wh.
(b) &= Ji% = +(5T)(2m)(4m/s) = +40V.

(c) clockwise.

tsl367

-] v=4m/s

4dm

2m




Unit Exam llI: Problem #1 (Spring '08) ey

Consider two circular currents I; = 3A at radius r; = 2m and I, = 5A at radius , = 4m in the directions shown.
(a) Find magnitude B and direction (®, ®) of the resultant magnetic field at the center.

(b) Find magnitude y and direction (®, ®) of the magnetic dipole moment generated by the two currents.

ts1381



Unit Exam lll: Problem #1 (Spring '08) M

Consider two circular currents I; = 3A at radius r; = 2m and I, = 5A at radius , = 4m in the directions shown.
(a) Find magnitude B and direction (®, ®) of the resultant magnetic field at the center.

(b) Find magnitude y and direction (®, ®) of the magnetic dipole moment generated by the two currents.

Solution:

_ Ho(BA)  mo(5A) _ -
(a) B= 20(2m) - 2"( ) (9.42—7.85) x 1077T

= B=157x107"T ®

ts1381



Unit Exam lll: Problem #1 (Spring '08) M

Consider two circular currents I; = 3A at radius r; = 2m and I, = 5A at radius , = 4m in the directions shown.
(a) Find magnitude B and direction (®, ®) of the resultant magnetic field at the center.

(b) Find magnitude y and direction (®, ®) of the magnetic dipole moment generated by the two currents.

Solution:

_ Ho(BA)  mo(5A) _ -
(a) B= 20(2m) - 2"( ) (9.42—7.85) x 1077T

= B=157x107"T ®
(b) p = m(4m)?(5A) — w(2m)?(3A) = (251 — 38) Am?
= p=213Am> ©

ts1381



Unit Exam llI: Problem #2 (Spring '08) et

(a) Consider a solid wire of radius R = 3mm.
Find magnitude I and direction (in/out) that produces a magnetic field B = 7uT at radius r = 8mm.

(b) Consider a hollow cable with inner radius R;,;; = 3mm and outer radius Re = 5mm.

A current I,,; = 0.9A is directed out of the plane.

Find direction (up/down) and magnitude By, Bs of the magnetic field at radius r, = 2mm and r4 = 6mm,
respectively.

@ (b)

out

8mm omm 2mm 6mm

tsl382



Unit Exam llI: Problem #2 (Spring '08)

(a) Consider a solid wire of radius R = 3mm.
Find magnitude I and direction (in/out) that produces a magnetic field B = 7uT at radius r = 8mm.

(b) Consider a hollow cable with inner radius R;,;; = 3mm and outer radius Re = 5mm.

A current I,,; = 0.9A is directed out of the plane.

Find direction (up/down) and magnitude By, Bs of the magnetic field at radius r, = 2mm and r4 = 6mm,
respectively.

@ (b)

out

Solution:

mol

_ K0T o 1=028A (out). gmm omm 2mm 6mm
27t(8mm)

(@) 7uT =

tsl382



Unit Exam llI: Problem #2 (Spring '08)

(a) Consider a solid wire of radius R = 3mm.
Find magnitude I and direction (in/out) that produces a magnetic field B = 7uT at radius r = 8mm.

(b) Consider a hollow cable with inner radius R;,;; = 3mm and outer radius Re = 5mm.

A current I,,; = 0.9A is directed out of the plane.

Find direction (up/down) and magnitude By, Bs of the magnetic field at radius r, = 2mm and r4 = 6mm,
respectively.

@ (b)

out
Solution:
_ pol o 8mm Oomm 2mm 6mm
(@) 7uT = 2e(8mm) = I=0.28A (out). B
A r
() Br—0, Bg— 909N 5510 (up)

27t(6mm)

tsl382



Unit Exam llI: Problem #3 (Spring '08)

ts1383

A circular wire of radius r = 2.5m and resistance R = 4.8Q) is placed in the yz-plane as shown.
A time-dependent magnetic field B = B,i is present.
The dependence of B, on time is shown graphically.

(a) Find the magnitude |d>g)| and \<I>§,3)| of the magnetic flux through the cicle at times t = 1s and t = 3s,
respectively.

(b) Find magnitude Iy, I; and direction (cw/ccw) of the induced current at times t = 1s and t = 3s, respectively.

L
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ts1383

A circular wire of radius r = 2.5m and resistance R = 4.8Q) is placed in the yz-plane as shown.
A time-dependent magnetic field B = B,i is present.
The dependence of B, on time is shown graphically.

(a) Find the magnitude |d>g)| and \<I>§,3)| of the magnetic flux through the cicle at times t = 1s and t = 3s,
respectively.

(b) Find magnitude Iy, I; and direction (cw/ccw) of the induced current at times t = 1s and t = 3s, respectively.

. L
Solution:

@ @] = 7(25m)?(2T) = 39.3 Wb,
|0Y)| = 71(25m)2(1T) = 19.6 Wb,




Unit Exam llI: Problem #3 (Spring '08)

A circular wire of radius r = 2.5m and resistance R = 4.8Q) is placed in the yz-plane as shown.
A time-dependent magnetic field B = B,i is present.
The dependence of B, on time is shown graphically.

(a) Find the magnitude |d> | and \<I> | of the magnetic flux through the cicle at times t = 1s and ¢ = 3s,
respectively.

(b) Find magnitude Iy, I; and direction (cw/ccw) of the induced current at times t = 1s and t = 3s, respectively.

Vi
Solution:
(a) |c1> )| = 7(2.5m)2(2T) = 39.3 Wb,
|0Y)| = 71(25m)2(1T) = 19.6 Wb, y
dq,()
(b) |—=L-|=0 = L[=0,
X
LQS) = |7(25m)2(~1T/s)| =19.6V = I DOV 414 (cow)
at | = 8 =2 ST usq T ¢ :

ts1383



Unit Exam llI: Problem #3 (Spring '08) ﬁ

tsl43s

A proton (m = 1.67 x 10727kg, 4 = 1.60 x 10~1°C) with velocity v = 3.7 x 10*m/s moves on a circle of radius
r = 0.49m in a counterclockwise direction.

(a) Find the centripetal force F needed to keep the proton on the circle.
(b) Find direction (® or ®) and magnitude of the field B that provides the centripetal force F.

(c) Find the electric current I produced by the rotating proton.



Unit Exam llI: Problem #3 (Spring '08) et

A proton (m = 1.67 x 10727kg, 4 = 1.60 x 10~1°C) with velocity v = 3.7 x 10*m/s moves on a circle of radius
r = 0.49m in a counterclockwise direction.

(a) Find the centripetal force F needed to keep the proton on the circle.
(b) Find direction (® or ®) and magnitude of the field B that provides the centripetal force F.

(c) Find the electric current I produced by the rotating proton.

Solution:

mv?® (167 x 107¥kg) (3.7 x 10*m/s)?

_ mv _ -18
(@) F= p 0.49m 4.67 x 107 °N.

tsl43s



Unit Exam llI: Problem #3 (Spring '08) et

A proton (m = 1.67 x 10727kg, 4 = 1.60 x 10~1°C) with velocity v = 3.7 x 10*m/s moves on a circle of radius
r = 0.49m in a counterclockwise direction.

(a) Find the centripetal force F needed to keep the proton on the circle.
(b) Find direction (® or ®) and magnitude of the field B that provides the centripetal force F.

(c) Find the electric current I produced by the rotating proton.

\
Solution:
2 —27 4 2
@) F= " _ (1.67 x 107*"kg) (3.7 x 10*m/s) — 467 x 101N
r 0.49m s
(b) F=quB — B— L — 467310 "N =0788mT @ (in).

qv (160 x 10-19C)(3.7 x 10*m/s)

tsl43s



Unit Exam llI: Problem #3 (Spring '08) et

A proton (m = 1.67 x 10727kg, 4 = 1.60 x 10~1°C) with velocity v = 3.7 x 10*m/s moves on a circle of radius
r = 0.49m in a counterclockwise direction.

(a) Find the centripetal force F needed to keep the proton on the circle.
(b) Find direction (® or ®) and magnitude of the field B that provides the centripetal force F.

(c) Find the electric current I produced by the rotating proton.

\'
Solution:
2 —27 4 2
@) F= " _ (1.67 x 107*"kg) (3.7 x 10*m/s) — 467 x 101N
r 0.49m )
F 467 x 10" 18N .
b) F=qob = B = = 45 10-9C) (3.7 x 107mys) — O/oomT @ (in)
@1=1, «=F" -8 _q9.10 BA

T v 27ty

tsl43s



Unit Exam IlI: Problem #1 (Spring '09) IO

tsl395

A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to rotate about the
axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic moment i (magnitude and
direction) of the triangle.

(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.
(c) Find the magnetic force F; (magnitude and direction) acting on the long side (hypotenuse) of the triangle.
(d) Find the force Fx (magnitude and direction) that must be applied to the corner R to keep the triangle from

rotating.
g L

8m

P--- ~--Q

8m
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tsl395

A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to rotate about the
axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic moment i (magnitude and
direction) of the triangle.

(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.
(c) Find the magnetic force F; (magnitude and direction) acting on the long side (hypotenuse) of the triangle.

(d) Find the force Fx (magnitude and direction) that must be applied to the corner R to keep the triangle from

rotating.
g L

8m
Solution: P--- ---Q

(a) i = (3A)(32m?)i = 96Am?i. 8m




Unit Exam llI: Problem #1 (Spring '09)

tsl395

A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to rotate about the
axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic moment i (magnitude and
direction) of the triangle.

(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.
(c) Find the magnetic force F; (magnitude and direction) acting on the long side (hypotenuse) of the triangle.

(d) Find the force Fx (magnitude and direction) that must be applied to the corner R to keep the triangle from
rotating.

L
8m
Solution: P--- ---Q
(a) ji = (3A)(32m?)i = 96Am?i. 8m
(b) 7 =i x B = (96Am?) x (0.5Tk) = —48Nm. B
R
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tsl395

A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to rotate about the
axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic moment i (magnitude and
direction) of the triangle.

(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.
(c) Find the magnetic force F; (magnitude and direction) acting on the long side (hypotenuse) of the triangle.

(d) Find the force Fx (magnitude and direction) that must be applied to the corner R to keep the triangle from
rotating.

L
8m
Solution: P--- ---Q
@) 7 = (3A)(32m?)i = 96Am?i. 8m
(b) 7 =i x B = (96Am?) x (0.5Tk) = —48Nm. B
(c) Fiy = (3A)(8v2m)(0.5T)(sin45°) = 12N @. R




Unit Exam llI: Problem #1 (Spring '09)

tsl395

A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to rotate about the
axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic moment i (magnitude and
direction) of the triangle.

(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.
(c) Find the magnetic force F; (magnitude and direction) acting on the long side (hypotenuse) of the triangle.

(d) Find the force Fx (magnitude and direction) that must be applied to the corner R to keep the triangle from
rotating.

L
8m
Solution: P--- ---Q
@) ji = (3A)(32m?)i = 96Am?i. 8m
(b) 7 =i x B = (96Am?) x (0.5Tk) = —48Nm. B
(c) Fiy = (3A)(8v2m)(0.5T)(sin45°) = 12N @. R
(d) (—8mk) x Fr = —T=48Nmj = Fr = —6Ni. y



Unit Exam lli: Problem #2 (Spring '09)
Two semi-infinite straight wires are connected to a curved wire in the form of a full circle, quarter circle, or
half circle of radius R = 1m in four different configurations. A current I = 1A flows in the directions shown.
Find magnitude B, By, B¢, B; and direction (®/®) of the magnetic field thus generated at the points a,b,c, d.

ts1396



Unit Exam lli: Problem #2 (Spring '09)
Two semi-infinite straight wires are connected to a curved wire in the form of a full circle, quarter circle, or
half circle of radius R = 1m in four different configurations. A current I = 1A flows in the directions shown.
Find magnitude B, By, B¢, B; and direction (®/®) of the magnetic field thus generated at the points a,b,c, d.

Solution:

= [Hol Bl | pol | _ -
B, = Rk TR tanrl T [100nT + 628nT + 100nT| = 828nT ®

ts1396



Unit Exam lli: Problem #2 (Spring '09)
or

Two semi-infinite straight wires are connected to a curved wire in the form of a full circle, quarter circle,
half circle of radius R = 1m in four different configurations. A current I = 1A flows in the directions shown.
Find magnitude B, By, B¢, B; and direction (®/®) of the magnetic field thus generated at the points a,b,c, d.

Solution:

}lol OI }101
— | #ol | Bol | Pol | _ —
B, 1 + 5 + 1 |100nT + 628nT + 100nT| = 828nT ®

Hol ol of = |100nT + 314nT — 100nT| = 314nT ®

B, =
"7 |47R T 4R T 4mR

ts1396



Unit Exam IlI: Problem #2 (Spring '09) T

Two semi-infinite straight wires are connected to a curved wire in the form of a full circle, quarter circle, or
half circle of radius R = 1m in four different configurations. A current I = 1A flows in the directions shown.
Find magnitude B, By, B¢, B; and direction (®/®) of the magnetic field thus generated at the points a,b,c, d.

Solution:

_ | Hol | pol | pol
Ba= 7R T 2R T anr
g, — | #oL | pol _ pol
, = [

R + 4R Rl T [100nT + 314nT — 100nT| = 314nT ®

= |100nT + 628nT + 100nT| = 828nT ®

_ |l ml | _ _
B = | Lo+ £2 +0‘ = [100nT + 157nT| = 257nT ®

ts1396



Unit Exam lli: Problem #2 (Spring '09)

Two semi-infinite straight wires are connected to a curved wire in the form of a full circle, quarter circle,

or

half circle of radius R = 1m in four different configurations. A current I = 1A flows in the directions shown.
Find magnitude B, By, B¢, B; and direction (®/®) of the magnetic field thus generated at the points a,b,c, d.

Solution:

B,

By

B,

By

tsl396

tol
4R
pol
47tR
pol
47tR
Hol
47tR

+

Bol
2R

tol

4R
pol

8R
pol

2R

Hol
47tR

pol

47tR

= |100nT + 628nT + 100nT| = 828nT ®

= |100nT + 314nT — 100nT| = 314nT ®

+0| = [100nT + 157nT| = 257nT ©

pol
47tR

= [100nT — 628nT + 100nT| = 428nT &



Unit Exam lli: Problem #3 (Spring '09) !mim.'

A pair of rails are connected by two mobile rods. A uniform magnetic field B directed into the plane is present.
In the situations (a), (b), (c), (d), one or both rods move at constant velocity as shown. The resistance of the

conducting loop is R = 0.2Q) in each case. Find magnitude I and direction (cw/ccw) of the induced current in
each case.

am Q [ 4m - @ -
l B=07T v =3m/s I v =5m/s v =3m/s

—— R >
4‘"‘ v =5m/s B? 4’”] v =5m/s Bf%?T v =3m/s

tsl397



Unit Exam lli: Problem #3 (Spring '09)

tsl397

A pair of rails are connected by two mobile rods. A uniform magnetic field B directed into the plane is present.
In the situations (a), (b), (c), (d), one or both rods move at constant velocity as shown. The resistance of the
conducting loop is R = 0.2Q) in each case. Find magnitude I and direction (cw/ccw) of the induced current in

each case.

J
.

@) |€] = (3m/s)(0.7T)(4m) = 84V, I

Solution:

v =3m/s 4”@

(©)

v =5m/s —orr |V°© 3m/s
(d)
] ® —>—
v =5m/s B=o7r |V© 3m/s




Unit Exam lli: Problem #3 (Spring '09)

tsl397

A pair of rails are connected by two mobile rods. A uniform magnetic field B directed into the plane is present.
In the situations (a), (b), (c), (d), one or both rods move at constant velocity as shown. The resistance of the
conducting loop is R = 0.2Q) in each case. Find magnitude I and direction (cw/ccw) of the induced current in

each case.

Solution:

(@ |€] = (3m/s)(0.7T)(4m) = 8.4V,

(b) |€] = (5m/s)(0.7T)(4m) = 14V,

@
4’“[ - V= 3mis 4’”]
(b)
I
I ;i%\g =42A ccw
I=—==70A cw

(©)

v =5m/s —orr |V°© 3m/s
(d)
] ® —>—
v =5m/s B=o7r |V© 3m/s




Unit Exam lli: Problem #3 (Spring '09)

tsl397

A pair of rails are connected by two mobile rods. A uniform magnetic field B directed into the plane is present.
In the situations (a), (b), (c), (d), one or both rods move at constant velocity as shown. The resistance of the
conducting loop is R = 0.2Q) in each case. Find magnitude I and direction (cw/ccw) of the induced current in

each case.
@
4 [ 4
ml B 07T v =3m/s mI
(b)
) 4‘"‘ v =5m/s 0T 4’”]
Solution:
8.4V

(@) |€] = (3m/s)(0.7T)(4m) = 8.4V, 1= 020 = 12A ccw
(b) |€] = (5m/s)(0.7T) (4m) = 14V, 1= 014% —70A  cw
(©) |€] = (5m/s — 3m/s)(0.7T)(4m) = 5.6V, 1= 0¥ —28A  cw

(©)

v =5m/s —orr |V°© 3m/s
(d)
] ® —>—
v =5m/s B=o7r |V© 3m/s
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tsl397

A pair of rails are connected by two mobile rods. A uniform magnetic field B directed into the plane is present.
In the situations (a), (b), (c), (d), one or both rods move at constant velocity as shown. The resistance of the
conducting loop is R = 0.2Q) in each case. Find magnitude I and direction (cw/ccw) of the induced current in

each case.
(@ ©
4 o 4 o [
ml B 07T v =3m/s m] v =5m/s —orr | v=8ms
(b) (d
4m il = ® [
) ‘ v =5m/s 07T 4’”] v =5m/s Beo7r |V= 3m/s
Solution:
8.4V

(@) |€] = (3m/s)(0.7T)(4m) = 8.4V, 1= 020 = 12A ccw

(b) |€] = (5m/s)(0.7T) (4m) = 14V, 1= 014% —70A  cw

(©) |€] = (5m/s — 3m/s)(0.7T) (4m) = 5.6V,  [— % —28A  w

(d) €] = (5m/s+3m/s)(07T)(4m) = 224V, 1= 22 1124 cow



Unit Exam llI: Problem #1 (Spring '11) hﬁhﬁ'

(a) Two very long straight wires carry currents as shown. A cube with edges of length 8cm serves as scaffold.
Find the magnetic field at point P in the form B = B,i + B,j + B.k with By, By, B; in Sl units.

(b) Two circular currents of radius 5cm, one in the xy-lane and the other in the yz-plane, carry currents as
shown. Both circles are centered at point O. Find the magnetic field at point O in the form B = B,i + Byf + B,k
with By, By, B, in Sl units.

tslas



Unit Exam llI: Problem #1 (Spring '11) hﬁhﬁ'

(a) Two very long straight wires carry currents as shown. A cube with edges of length 8cm serves as scaffold.
Find the magnetic field at point P in the form B = B,i + B,j + B.k with By, By, B; in Sl units.

(b) Two circular currents of radius 5cm, one in the xy-lane and the other in the yz-plane, carry currents as
shown. Both circles are centered at point O. Find the magnetic field at point O in the form B = B,i + Byf + B,k
with By, By, B, in Sl units.

Solution:

(a) By =0, B}/ =

tslas



Unit Exam llI: Problem #1 (Spring '11) hﬁhﬁ'

(a) Two very long straight wires carry currents as shown. A cube with edges of length 8cm serves as scaffold.
Find the magnetic field at point P in the form B = B,i + B,j + B.k with By, By, B; in Sl units.

(b) Two circular currents of radius 5cm, one in the xy-lane and the other in the yz-plane, carry currents as
shown. Both circles are centered at point O. Find the magnetic field at point O in the form B = B,i + Byf + B,k
with By, By, B, in Sl units.

Solution:
_ __m2A) __M(3A)
@) B =0, By =2 08m) =M B = 27(0.08m) = /KT
1o (2A) Ho(3A)
B, = t9\%Y  _951,4T, B, = B,=—"""~>""_ — _377uT.
(0) B = 5 005my = 22T By=0, B:=—5oeny = 77K

tslas



Unit Exam llI: Problem #2 (Spring "11)

tsla6

The coaxial cable shown has surfaces at radii 1mm, 3mm, and smm. The magnetic field is the same at radii
2mm and 6mm, namely B = 7uT in the direction shown.
(a) Find magnitude (in Sl units) and direction (in/out) of the current I;,; flowing through the inner conductor.

(b) Find magnitude (in Sl units) and direction (in/out) of the current I, flowing through the outer conductor.




Unit Exam llI: Problem #2 (Spring "11)

tsla6

The coaxial cable shown has surfaces at radii 1mm, 3mm, and smm. The magnetic field is the same at radii
2mm and 6mm, namely B = 7uT in the direction shown.
(a) Find magnitude (in Sl units) and direction (in/out) of the current I;,; flowing through the inner conductor.

(b) Find magnitude (in Sl units) and direction (in/out) of the current I, flowing through the outer conductor.

Solution:

(@) (7uT)(27)(0.002m) = pplint = Iine = 0.07A (out)



Unit Exam llI: Problem #2 (Spring "11)

tsla6

The coaxial cable shown has surfaces at radii 1mm, 3mm, and smm. The magnetic field is the same at radii
2mm and 6mm, namely B = 7uT in the direction shown.
(a) Find magnitude (in Sl units) and direction (in/out) of the current I;,; flowing through the inner conductor.

(b) Find magnitude (in Sl units) and direction (in/out) of the current I, flowing through the outer conductor.

Solution:

(@) (7uT)(27)(0.002m) = pplint = Iine = 0.07A (out)
(b) (7uT)(27)(0.006m) = pg(Iint + lext) = Lint + lext = 0.21A  (out)
= Iext = 0.14A (out)



Unit Exam llI: Problem #3 (Spring "11)

tslg7

A conducting frame with a moving conducting rod is located in a uniform magnetic field as shown. The rod
moves at constant velocity.
(a) Find the magnetic flux ®p through the frame and the induced emf £ around the frame at the instant shown.

(b) Find the magnetic flux ®g through the frame and the induced emf £ around the frame two seconds later.

Write magnitudes only (in Sl units), no directions.

2m - v=2m/s

2m

<<
o~
1l
w
~

4dm 2m
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tslg7

A conducting frame with a moving conducting rod is located in a uniform magnetic field as shown. The rod

moves at constant velocity.

(a) Find the magnetic flux ®p through the frame and the induced emf £ around the frame at the instant shown.

(b) Find the magnetic flux ®g through the frame and the induced emf £ around the frame two seconds later.

Write magnitudes only (in Sl units), no directions.

2m

v =2m/s

2m

<<
o~
1l
w
~

Solution: 4dm 2m

(@) @3 = (20m?)(3T) = 60Wb, & = (2m/s)(3T)(2m) = 12V.
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tslg7

A conducting frame with a moving conducting rod is located in a uniform magnetic field as shown. The rod

moves at constant velocity.

(a) Find the magnetic flux ®p through the frame and the induced emf £ around the frame at the instant shown.

(b) Find the magnetic flux ®g through the frame and the induced emf £ around the frame two seconds later.

Write magnitudes only (in Sl units), no directions.

2m

2m

<<
o~
1l
w
~

v =2m/s

Solution: 4m

(@) @3 = (20m?)(3T) = 60Wb, & = (2m/s)(3T)(2m) = 12V.
(b) ®p = (8m?)(3T) = 24Wb, & = (2m/s)(3T)(4m) = 24V.

2m



Unit Exam IV: Problem #1 (Spring "12) M

In the circuit shown we close the switch S at time t = 0. Find the current I; through the inductor and the
voltage Vi across the 6Q-resistor

(a) immediately after the switch has been closed,

(b) a very long time later.

tslas
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tslas

In the circuit shown we close the switch S at time t = 0. Find the current I; through the inductor and the
voltage Vi across the 6Q-resistor

(a) immediately after the switch has been closed,

(b) a very long time later.

Solution:

12V

= 1og = 12A, Ve =(60)(124) =72V.

(@ IL=0, I
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tslas

In the circuit shown we close the switch S at time t = 0. Find the current I; through the inductor and the
voltage Vi across the 6Q-resistor

(a) immediately after the switch has been closed,

(b) a very long time later.

Solution:

(@ I,=0, Ig= % =12A, Vg=(6Q)(12A) =7.2V.
12V

(b) IL—E—:%A, V6—0.



Unit Exam IV: Problem #2 (Spring "12)

tslas2

At time t = 0 the capacitor is charged to Q,..x = 4uC and the switch is being closed. The charge on the
capacitor begins to decrease and the current through the inductor begins to increase.

(a) At what time ¢t; is the capacitor discharged for the first time?

(b) At what time t, has the current through the inductor returned to zero for the first time?
(c) What is the maximum energy stored in the capacitor at any time?
(

d) What is the maximum energy stored in the inductor at any time?

L =30mH
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tslas2

At time t = 0 the capacitor is charged to Q,..x = 4uC and the switch is being closed. The charge on the
capacitor begins to decrease and the current through the inductor begins to increase.

(a) At what time ¢t; is the capacitor discharged for the first time?

(b) At what time t, has the current through the inductor returned to zero for the first time?
(c) What is the maximum energy stored in the capacitor at any time?

(d) What is the maximum energy stored in the inductor at any time?

L =30mH
Solution:

w 4

@ T= 2" —27VIC—243ms, h — 1 — 0.608ms. C=5




Unit Exam IV: Problem #2 (Spring "12)

tslas2

At time t = 0 the capacitor is charged to Q,..x = 4uC and the switch is being closed. The charge on the
capacitor begins to decrease and the current through the inductor begins to increase.

(a) At what time ¢t; is the capacitor discharged for the first time?

(b) At what time t, has the current through the inductor returned to zero for the first time?
(c) What is the maximum energy stored in the capacitor at any time?
(

d) What is the maximum energy stored in the inductor at any time?

(b) tp = = = 1.22ms.

L =30mH
Solution:
(@ T= %" =27VLC =243ms, H = 2 = 0.608ms. C=5UF S
T | |
2 I




Unit Exam IV: Problem #2 (Spring "12)
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At time t = 0 the capacitor is charged to Q,..x = 4uC and the switch is being closed. The charge on the
capacitor begins to decrease and the current through the inductor begins to increase.

(a) At what time ¢t; is the capacitor discharged for the first time?

(b) At what time t, has the current through the inductor returned to zero for the first time?
(c) What is the maximum energy stored in the capacitor at any time?
(

d) What is the maximum energy stored in the inductor at any time?

L =30mH
Solution:
(@) T= %" =2nvVLC =243ms, t = 2 = 0.608ms. C=5UF ‘ S
(b) t, = % = 1.22ms. I |

( ) max __ Q%ﬂﬂx —
Q) U™ = S = 16p).
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At time t = 0 the capacitor is charged to Q,..x = 4uC and the switch is being closed. The charge on the

capacitor begins to decrease and the current through the inductor begins to increase.

(a) At what time ¢t; is the capacitor discharged for the first time?

(b) At what time t, has the current through the inductor returned to zero for the first time?
(c) What is the maximum energy stored in the capacitor at any time?
(

d) What is the maximum energy stored in the inductor at any time?

L =30mH
Solution:
(@) T= %" =2nvVLC =243ms, t = 2 = 0.608ms. C=5UF ‘ S
(b) t, = % = 1.22ms. I |

(C) umuxi Q%ﬂﬂx 716]
¢ T T

(d) up™ =ug™ =1.6u] (energy conservation.)




Unit Exam IV: Problem #3 (Spring "12)

tslas3

The ac voltage supplied in the circuit shown is £ = &y cos(wt) with Epgy = 170V and w = 377rad/s.
(a) What is the maximum value I, of the current?

(b) What is the emf £(t) at t = 5ms?

(c) What is the current I(t) at t = 5ms?

(d) What is the power transfer P(t) between ac source and device at t = 5ms?

®

L =40mH




Unit Exam IV: Problem #3 (Spring "12)
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The ac voltage supplied in the circuit shown is £ = &y cos(wt) with Epgy = 170V and w = 377rad/s.
(a) What is the maximum value I, of the current?

(b) What is the emf £(t) at t = 5ms?

(c) What is the current I(t) at t = 5ms?

(d) What is the power transfer P(t) between ac source and device at t = 5ms?

®

Solution: L =40mH

(@) Loy = bpox _ 1OV 11.3A.

‘wL ~ (377rad/s)(40mH)
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The ac voltage supplied in the circuit shown is £ = &y cos(wt) with Epgy = 170V and w = 377rad/s.
(a) What is the maximum value I, of the current?

(b) What is the emf £(t) at t = 5ms?

(c) What is the current I(t) at t = 5ms?

(d) What is the power transfer P(t) between ac source and device at t = 5ms?

®

Solution: L = 40mH

(@) Lyax = Gmae 1OV 4y 4,

‘wL ~ (377rad/s)(40mH)

(b) &€ = (170V) cos(1.885rad) = (170V)(—0.309) = —52.5V.




Unit Exam IV: Problem #3 (Spring "12)

The ac voltage supplied in the circuit shown is £ = &y cos(wt) with Epgy = 170V and w = 377rad/s.
(a) What is the maximum value I, of the current?

(b) What is the emf £(t) at t = 5ms?

(c) What is the current I(t) at t = 5ms?

(d) What is the power transfer P(t) between ac source and device at t = 5ms?

®

Solution: L =40mH

(@) Loy = bpox _ 1OV 11.3A.

‘wL ~ (377rad/s)(40mH)

(b) &€ = (170V) cos(1.885rad) = (170V)(—0.309) = —52.5V.

(c) I = (11.3A) cos(1.885rad — 71/2) = (11.3A) cos(0.314) = (11.3A)(0.951) = 10.7A.
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Unit Exam IV: Problem #3 (Spring "12)

The ac voltage supplied in the circuit shown is £ = &y cos(wt) with Epgy = 170V and w = 377rad/s.
(a) What is the maximum value I, of the current?

(b) What is the emf £(t) at t = 5ms?

(c) What is the current I(t) at t = 5ms?

(d) What is the power transfer P(t) between ac source and device at t = 5ms?

®

Solution: L = 40mH

(@) Lyax = Gmae 1OV 4y 4,

‘wL ~ (377rad/s)(40mH)

(b) &€ = (170V) cos(1.885rad) = (170V)(—0.309) = —52.5V.
(c) I = (11.3A) cos(1.885rad — 71/2) = (11.3A) cos(0.314) = (11.3A)(0.951) = 10.7A.

(d) P = &I = (~525V)(10.7A) = —562W.

tslas3



Unit Exam lll: Problem #1 (Spring "12) M
In a region of uniform magnetic field B = 5mTi, a proton (m = 1.67 x 10~7kg, g = 1.60 x 10-°C) is launched
with velocity vp = 4000m/sk.

(a) Calculate the magnitude F of the magnetic force that keeps the proton on a circular path.

(b) Calculate the radius r of the circular path.

(c) Calculate the time T it takes the proton to go around that circle once.
(

d) Sketch the circular path of the proton in the graph.

tsl435



Unit Exam lll: Problem #1 (Spring "12) M
In a region of uniform magnetic field B = 5mTi, a proton (m = 1.67 x 10~7kg, g = 1.60 x 10-°C) is launched
with velocity vp = 4000m/sk.

(a) Calculate the magnitude F of the magnetic force that keeps the proton on a circular path.
(b) Calculate the radius r of the circular path.

(c) Calculate the time T it takes the proton to go around that circle once.

(

d) Sketch the circular path of the proton in the graph.

Solution:

(@) F=quoB=32x10"¥N.
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Unit Exam lll: Problem #1 (Spring "12) M
In a region of uniform magnetic field B = 5mTi, a proton (m = 1.67 x 10~7kg, g = 1.60 x 10-°C) is launched
with velocity vp = 4000m/sk.

(a) Calculate the magnitude F of the magnetic force that keeps the proton on a circular path.
(b) Calculate the radius r of the circular path.

(c) Calculate the time T it takes the proton to go around that circle once.

(

d) Sketch the circular path of the proton in the graph.

Solution:

(@) F=quoB=32x10"¥N.

2
mod _mog _
(b) - = quB = r= e 8.35mm.
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Unit Exam lll: Problem #1 (Spring "12) M
In a region of uniform magnetic field B = 5mTi, a proton (m = 1.67 x 10~7kg, g = 1.60 x 10-°C) is launched
with velocity vp = 4000m/sk.

(a) Calculate the magnitude F of the magnetic force that keeps the proton on a circular path.
(b) Calculate the radius r of the circular path.

(c) Calculate the time T it takes the proton to go around that circle once.

(

d) Sketch the circular path of the proton in the graph.

Solution:

(@) F=quoB =32 x107¥N.
2

(b) @ =quB = r= m—zo = 8.35mm.
2y 21tm ! *
() T="— =" =13.1ps.

20 qB
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Unit Exam lll: Problem #1 (Spring "12) M
In a region of uniform magnetic field B = 5mTi, a proton (m = 1.67 x 10~7kg, g = 1.60 x 10-°C) is launched
with velocity vp = 4000m/sk.

(a) Calculate the magnitude F of the magnetic force that keeps the proton on a circular path.
(b) Calculate the radius r of the circular path.

(c) Calculate the time T it takes the proton to go around that circle once.

(

d) Sketch the circular path of the proton in the graph.

Solution:

(@) F=quoB =32 x107¥N.
2

(b) @ =quB = r= m—zo = 8.35mm.
2y 21tm ! *
() T= o = B = 13.1pus.

(d) Center of circle to the right of proton’s initial position (cw motion).

tsl435



Unit Exam lli: Problem #2 (Spring "12)

tsla3e

(a) Two very long straight wires positioned in the xy-plane carry electric currents I, I, as shown. Calculate
magnitude (By, B,) and direction (®, ®) of the magnetic field produced by each current at the origin of the

coordinate system.

(b) A conducting loop of radius r = 3cm placed in the xy-plane carries a current I; = 0.7A in the direction

shown. Find direction and magnitude of the torque T acting on the loop if it is placed in a magnetic field

B = 5mTi.

(a)

1.=0.7A
3

(b)

B =5mT




Unit Exam llI: Problem #2 (Spring '12) M

(a) Two very long straight wires positioned in the xy-plane carry electric currents I, I, as shown. Calculate
magnitude (By, B,) and direction (®, ®) of the magnetic field produced by each current at the origin of the
coordinate system.

(b) A conducting loop of radius r = 3cm placed in the xy-plane carries a current I; = 0.7A in the direction
shown. Find direction and magnitude of the torque T acting on the loop if it is placed in a magnetic field

B = 5mTi.
y (a) y (b)
1=07A
L=5A/ |¥ ¥/
2 / g
X X
2cm W
El
Solution: 1,=3A —
B =5mT
po(3A) Ho(5A)
By = =——~ = 30uT. By = ——"+—"— =709uT. g
@ B = 5 emy =0T @ Br= pLo©
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Unit Exam lli: Problem #2 (Spring "12)

tsla3e

(a) Two very long straight wires positioned in the xy-plane carry electric currents I, I, as shown. Calculate
magnitude (By, B,) and direction (®, ®) of the magnetic field produced by each current at the origin of the

coordinate system.

(b) A conducting loop of radius r = 3cm placed in the xy-plane carries a current I; = 0.7A in the direction

shown. Find direction and magnitude of the torque T acting on the loop if it is placed in a magnetic field

(b)

B = 5mTi.
y (a)
1=07A
L=5A/ |¥ ¥/
2 / E
X
2cm o
g
Solution: 1,=3A —
B =5mT
po(3A) Ho(5A)
By = =——~ = 30uT. By = ——"+—"— =709uT. g
@ B = 5 emy =0T @ Br= pLo©

(b) fi = m(3em)2(0.7A)k = 1.98 x 107 °Am’k = T =i x B =9.90 x 10 *Nmj.




Unit Exam llI: Problem #3 (Spring '12) !;Tmh'

The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and smm. Equal currents flow
through both conductors: I;;;; = Lyy = 0.03A ® (out). Find direction (1,]) and magnitude (By, B3, Bs, B7) of the
magnetic field at the four radii indicated (e).

tsla37



Unit Exam llI: Problem #3 (Spring '12) !;Tmh'

The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and smm. Equal currents flow
through both conductors: I;;;; = Lyy = 0.03A ® (out). Find direction (1,]) and magnitude (By, B3, Bs, B7) of the
magnetic field at the four radii indicated (e).

Solution:

27t(1lmm)B; = pp(0.03A) = By =6uT 1
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Unit Exam llI: Problem #3 (Spring '12) !;Tmh'

The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and smm. Equal currents flow
through both conductors: I;;;; = Lyy = 0.03A ® (out). Find direction (1,]) and magnitude (By, B3, Bs, B7) of the
magnetic field at the four radii indicated (e).

Solution:

27t(1lmm)B; = pp(0.03A) = By =6uT 1
27(3mm)Bs = pp(0.03A) = By =2uT 1
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Unit Exam llI: Problem #3 (Spring '12) !;Tmh'

The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and smm. Equal currents flow
through both conductors: I;;;; = Lyy = 0.03A ® (out). Find direction (1,]) and magnitude (By, B3, Bs, B7) of the
magnetic field at the four radii indicated (e).

Solution:
27t(1lmm)B; = pp(0.03A) = By =6uT 1

27(3mm)Bs = pp(0.03A) = By =2uT 1
27t(5mm)Bs = pp(0.06A) = Bs =24uT 1

tsla37



Unit Exam llI: Problem #3 (Spring '12) !;Tmh'

The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and smm. Equal currents flow
through both conductors: I;;;; = Lyy = 0.03A ® (out). Find direction (1,]) and magnitude (By, B3, Bs, B7) of the
magnetic field at the four radii indicated (e).

Solution:

= By =6uT 1
= By=2uT ¢
= Bs =24uT 1
= By =171uT 1

tsla37



Unit Exam IlI: Problem #1 (Spring "13) O
In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F =9.0 x 107N as it passes through point P with velocity vo = 3000m/sj on a circular path.
(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

y [em]

tsla61



Unit Exam llI: Problem #1 (Spring "13) M

In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F =9.0 x 107N as it passes through point P with velocity vo = 3000m/sj on a circular path.

(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

Solution:

Il
—
X

=

F .
(@) B=— =188x107°T, i
qvo

= B=188x10"°Tk.
y [em]
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Unit Exam llI: Problem #1 (Spring "13) M

In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F =9.0 x 107N as it passes through point P with velocity vo = 3000m/sj on a circular path.

(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

Solution:

F NN
(@ B=— =188x1073T, i=jxk
700

= B=188x10"°Tk.
2
(b) F= @ = quoB
mvé mog

= — = — =1.67cm.
= r 7 4B 67cm.

y [em]
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Unit Exam llI: Problem #1 (Spring "13) M

In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F =9.0 x 107N as it passes through point P with velocity vo = 3000m/sj on a circular path.

(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

Solution:

F NN
(@ B=— =188x1073T, i=jxk
700

= B=188x10"°Tk.
2
(b) F= @ = quoB
mvé mog

= — = — =1.67cm.
= r 7 4B 67cm.

(c) C=4.67cmi+ 3.00cmj.

y [em]

tsla61



Unit Exam IlI: Problem #1 (Spring "13) O
In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F = 8.0 x 10" 19N as it passes through point P with velocity vy = 2000m/sk on a circular path.
(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

y [em]
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Unit Exam llI: Problem #1 (Spring "13) M

In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F = 8.0 x 10" 19N as it passes through point P with velocity vy = 2000m/sk on a circular path.

(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

Solution:

(@) B= £ a0 1073T, i=kx(-j)
700

= B =-250x1073Tj.
y [em]
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Unit Exam llI: Problem #1 (Spring "13) M

In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F = 8.0 x 10" 19N as it passes through point P with velocity vy = 2000m/sk on a circular path.

(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

Solution:

(@) B= £ a0 1073T, i=kx(-j)
700

= B =-250x1073Tj.

2
my
(b) F= TO = quoB
moy  mog

= = - = q—B = 0.835cm.

y [em]

tsla62



Unit Exam llI: Problem #1 (Spring "13) M

In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F = 8.0 x 10" 19N as it passes through point P with velocity vy = 2000m/sk on a circular path.

(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

Solution:

(@) B= £ a0 1073T, i=kx(-j)
700

= B =-250x1073Tj.
2
muo,
(b) F= TO = quoB
2
muy _ m _
F =B 0.835cm.

(c) C =3.84cmi+ 3.00cmk.

y [em]

= r=

tsla62



Unit Exam llI: Problem #2 (Spring "13) !mim.'

A very long, straight wire is positioned along the x-axis and a circular wire of 1.5cm radius in the yz plane with
its center P on the z-axis as shown. Both wires carry a current I = 0.6A in the directions shown.

(a) Find the magnetic field B, (magnitude and direction) generated at point P by the current in the circular
wire.

(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the straight
wire.

(c) Find the magnetic moment i (magnitude and direction) of the circular current.

z [cm]

tsla63




Unit Exam llI: Problem #2 (Spring "13) !mim.'

A very long, straight wire is positioned along the x-axis and a circular wire of 1.5cm radius in the yz plane with
its center P on the z-axis as shown. Both wires carry a current I = 0.6A in the directions shown.

(a) Find the magnetic field B, (magnitude and direction) generated at point P by the current in the circular
wire.

(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the straight
wire.

(c) Find the magnetic moment i (magnitude and direction) of the circular current.

z [cm]

Solution:

(a) B, = (7'(—{) =251 x107°Ti.
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Unit Exam llI: Problem #2 (Spring "13)

A very long, straight wire is positioned along the x-axis and a circular wire of 1.5cm radius in the yz plane with
its center P on the z-axis as shown. Both wires carry a current I = 0.6A in the directions shown.

(a) Find the magnetic field B, (magnitude and direction) generated at point P by the current in the circular
wire.

(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the straight
wire.

(c) Find the magnetic moment i (magnitude and direction) of the circular current.

Solution: zlem]
_ 1o(0.6A) e Bt
(@) B, = 72(0_015111)( i) = —251 x 107°Ti.
_ mo(06A) o —67%
(b) BSfZH(O.OSm)( j) = —4.00 x 107°Tj. L
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A very long, straight wire is positioned along the x-axis and a circular wire of 1.5cm radius in the yz plane with
its center P on the z-axis as shown. Both wires carry a current I = 0.6A in the directions shown.

(a) Find the magnetic field B, (magnitude and direction) generated at point P by the current in the circular
wire.

(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the straight
wire.

(c) Find the magnetic moment i (magnitude and direction) of the circular current.

Solution: zlem]
_ 1o(0.6A) e Bt
(@) B, = 72(0_015111)( i) = —251 x 107°Ti.
_ mo(06A) o —67%
(b) BSfZH(O.OSm)( j) = —4.00 x 107°Tj. L

(c) ji = m(0.015mm)?(0.6A)(—1) = —4.24 x 10~ *Am?i.




Unit Exam llI: Problem #2 (Spring "13)

tslaby

A very long straight wire is positioned along the x-axis and a circular wire of 2.0cm radius in the yz plane with
its center P on the y-axis as shown. Both wires carry a current I = 0.5A in the directions shown.

(a) Find the magnetic field B, (magnitude and direction) generated at point P by the current in the circular

wire.

(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the straight

wire.
(c) Find the magnetic moment # (magnitude and direction) of the circular current.

z [em]
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A very long straight wire is positioned along the x-axis and a circular wire of 2.0cm radius in the yz plane with
its center P on the y-axis as shown. Both wires carry a current I = 0.5A in the directions shown.

(a) Find the magnetic field B, (magnitude and direction) generated at point P by the current in the circular

wire.

(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the straight

wire.

(c) Find the magnetic moment # (magnitude and direction) of the circular current.

z [em]
Solution: 5
4
3
_ Ho(054) - —573 )
(a) B67m171.57x10 Ti. A
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A very long straight wire is positioned along the x-axis and a circular wire of 2.0cm radius in the yz plane with
its center P on the y-axis as shown. Both wires carry a current I = 0.5A in the directions shown.

(a) Find the magnetic field B, (magnitude and direction) generated at point P by the current in the circular

wire.

(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the straight

wire.

(c) Find the magnetic moment # (magnitude and direction) of the circular current.

z [em]
Solution: 5
4
_ Ho(05A) + 50 3
(a) B, = 2002m) ' = 1.57 x 107°Ti. .,
1
(b) B, = LOOSA) gy pg6x 10Tk T T

~ 27(0.035m)




Unit Exam llI: Problem #2 (Spring "13) !mim.'

A very long straight wire is positioned along the x-axis and a circular wire of 2.0cm radius in the yz plane with
its center P on the y-axis as shown. Both wires carry a current I = 0.5A in the directions shown.

(a) Find the magnetic field B, (magnitude and direction) generated at point P by the current in the circular
wire.

(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the straight
wire.

(c) Find the magnetic moment # (magnitude and direction) of the circular current.

z [em]
Solution: 5
4
_ Ho(05A) + 50 3
(a) B, = 2002m) ' = 1.57 x 107°Ti. .,
1
(b) B, = LOOSA) gy pg6x 10Tk T T

~ 27(0.035m)
(c) i = 7(0.02m)2(0.5A) i = 6.28 x 10 *Am?i.

tslaby



Unit Exam llI: Problem #3 (Spring '13) !mim.'

Consider a wire with a resistance per unit length of 1Q0/cm bent into a rectangular loop and placed into the
yz-plane as shown. The magnetic field in the entire region is uniform and increases from zero as follows:
B = (2i + 1j + 3k)tT/s, where ¢ is the time in seconds.

(a) Find the magnetic flux @3 through the rectangle at time t = 2s.
(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time t = 2s.

(c) Infer the induced current I from the induced EMF. 2 [em]

6
L1 yem]

tslubs



Unit Exam llI: Problem #3 (Spring '13) !mim.'

Consider a wire with a resistance per unit length of 1Q0/cm bent into a rectangular loop and placed into the
yz-plane as shown. The magnetic field in the entire region is uniform and increases from zero as follows:
B = (2i + 1j + 3k)tT/s, where ¢ is the time in seconds.

(a) Find the magnetic flux @3 through the rectangle at time t = 2s.
(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time t = 2s.

(c) Infer the induced current I from the induced EMF. 2 [em]

Solution:

(@) ®p = +(4cm)(3cm)(2T/s)(2s) = +4.8 x 107>Wb 24

6
L1 yem]

tslubs
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Consider a wire with a resistance per unit length of 1Q0/cm bent into a rectangular loop and placed into the
yz-plane as shown. The magnetic field in the entire region is uniform and increases from zero as follows:
B = (2i + 1j + 3k)tT/s, where ¢ is the time in seconds.

(a) Find the magnetic flux @3 through the rectangle at time t = 2s.
(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time t = 2s.

(c) Infer the induced current I from the induced EMF.

z [cm]
. 5
Solution: i
3 -
(@) ®p = +(4cm)(3cm)(2T/s)(2s) = +4.8 x 107>Wb 24
(b) £ = F(4cm)(3cm)(2T/s) = F2.4mV  (cw) I
TR S I y [em]




Unit Exam llI: Problem #3 (Spring '13)

tslabs

Consider a wire with a resistance per unit length of 1Q0/cm bent into a rectangular loop and placed into the
yz-plane as shown. The magnetic field in the entire region is uniform and increases from zero as follows:
B = (2i + 1j + 3k)tT/s, where ¢ is the time in seconds.

(a) Find the magnetic flux @3 through the rectangle at time t = 2s.
(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time t = 2s.

(c) Infer the induced current I from the induced EMF.

z [cm]
. 5
Solution: i
3 -
(@) ®p = +(4cm)(3cm)(2T/s)(2s) = +4.8 x 107>Wb 24

(b) £ = F(4cm)(3cm)(2T/s) = F2.4mV  (cw) I
2.4mV I S Y y [em]

(c) I= W =0.171mA . |




Unit Exam llI: Problem #3 (Spring '13) !mim.'

Consider a wire with a resistance per unit length of 1Q0/cm bent into a rectangular loop and placed into the
yz-plane as shown. The magnetic field in the entire region is uniform and increases from zero as follows:
B = (3i + 1j + 2k)tT/s, where ¢ is the time in seconds.

(a) Find the magnetic flux @3 through the rectangle at time t = 2s.
(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time t = 2s.

(c) Infer the induced current I from the induced EMF. 2 [em]

6
L1 yem]
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Unit Exam llI: Problem #3 (Spring '13) !mim.'

Consider a wire with a resistance per unit length of 1Q0/cm bent into a rectangular loop and placed into the
yz-plane as shown. The magnetic field in the entire region is uniform and increases from zero as follows:
B = (3i + 1j + 2k)tT/s, where ¢ is the time in seconds.

(a) Find the magnetic flux @3 through the rectangle at time t = 2s.
(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time t = 2s.

(c) Infer the induced current I from the induced EMF. 2 [em]

Solution:

(@) ®p = +(5cm)(3cm)(3T/s)(2s) = £9.0 x 107>Wb 24

6
L1 yem]

tsl466
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tsl466

Consider a wire with a resistance per unit length of 1Q0/cm bent into a rectangular loop and placed into the
yz-plane as shown. The magnetic field in the entire region is uniform and increases from zero as follows:
B = (3i + 1j + 2k)tT/s, where ¢ is the time in seconds.

(a) Find the magnetic flux @3 through the rectangle at time t = 2s.
(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time t = 2s.

(c) Infer the induced current I from the induced EMF.

z [cm]
. 5
Solution: i
3 -
(@) ®p = +(5cm)(3cm)(3T/s)(2s) = £9.0 x 107>Wb 24
(b) €& = F(5cm)(3cm)(3T/s) = F4.5mV  (cw) I
TR S I y [em]




Unit Exam llI: Problem #3 (Spring '13)

tslu66

Consider a wire with a resistance per unit length of 1Q0/cm bent into a rectangular loop and placed into the
yz-plane as shown. The magnetic field in the entire region is uniform and increases from zero as follows:
B = (3i + 1j + 2k)tT/s, where ¢ is the time in seconds.

(a) Find the magnetic flux @3 through the rectangle at time t = 2s.
(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time t = 2s.

(c) Infer the induced current I from the induced EMF.

z [cm]

. 5

Solution: i

3 -

(@) ®p = +(5cm)(3cm)(3T/s)(2s) = £9.0 x 107>Wb 24
(b) €& = F(5cm)(3cm)(3T/s) = F4.5mV  (cw) I

4.5mV ol y [em]
(c) I= W = 0.281mA . |




Unit Exam llI: Problem #1 (Spring '14) !;Tmh'

A counterclockwise current I = 1.7A [I = 1.3A] is flowing through the conducting rectangular frame shown in a
region of magnetic field B = 6mTj [B = 6mTk].

(a) Find the force Fy,. [F,,] (magnitude and direction) acting on side bc [ab] of the rectangle.
(b) Find the magnetic moment ji (magnitude and direction) of the current loop.

(c) Find the torque T (magnitude and direction) acting on the current loop.

tsla76



Unit Exam llI: Problem #1 (Spring '14) !;Tmh'

A counterclockwise current I = 1.7A [I = 1.3A] is flowing through the conducting rectangular frame shown in a
region of magnetic field B = 6mTj [B = 6mTk].

(a) Find the force Fy,. [F,,] (magnitude and direction) acting on side bc [ab] of the rectangle.
(b) Find the magnetic moment ji (magnitude and direction) of the current loop.

(c) Find the torque T (magnitude and direction) acting on the current loop.

Solution:

(@) Fye = (1.7A)(3cmk) x (6mTj) = —3.06 x 107*Ni
[F,, = (1.3A)(2cmj) x (6mTk) = 1.56 x 10*Ni]

tsla76



Unit Exam llI: Problem #1 (Spring '14) !;Tmh'

A counterclockwise current I = 1.7A [I = 1.3A] is flowing through the conducting rectangular frame shown in a
region of magnetic field B = 6mTj [B = 6mTk].

(a) Find the force Fy,. [F,,] (magnitude and direction) acting on side bc [ab] of the rectangle.
(b) Find the magnetic moment ji (magnitude and direction) of the current loop.

(c) Find the torque T (magnitude and direction) acting on the current loop.

Solution:

(@) Fye = (1.7A)(3cmk) x (6mTj) = —3.06 x 107*Ni
[F,, = (1.3A)(2cmj) x (6mTk) = 1.56 x 10*Ni]

(b) [(2cm) (3em)i](1.7A) = 1.02 x 10~ 3 Am*i
[

;1‘ =
[ii = [(2cm)(3em)i)(1.3A) = 7.8 x 10~ Am?{]

tsla76



Unit Exam llI: Problem #1 (Spring '14) !;Tmh'

A counterclockwise current I = 1.7A [I = 1.3A] is flowing through the conducting rectangular frame shown in a
region of magnetic field B = 6mTj [B = 6mTk].

(a) Find the force Fy,. [F,,] (magnitude and direction) acting on side bc [ab] of the rectangle.
(b) Find the magnetic moment ji (magnitude and direction) of the current loop.

(c) Find the torque T (magnitude and direction) acting on the current loop.

Solution:

(@) Fye = (1.7A)(3cmk) x (6mTj) = —3.06 x 107*Ni
[F,, = (1.3A)(2cmj) x (6mTk) = 1.56 x 10*Ni]

(b) [(2cm) (3em)i](1.7A) = 1.02 x 10~ 3 Am*i
[

]1‘ =
[7i = [(2em) (Bem)i](1.3A) = 7.8 x 10 *Am?i]

(c) % = (1.02 x 1073Am?) x (6mTj) = 6.12 x 10~°Nmk
[Z = (7.8 x 107*Am?1) x (6mTk) = —4.68 x 10~°Nmyj]

tsla76



Unit Exam llI: Problem #2 (Spring '14) M

(a) Find the magnetic field B, (magnitude and direction) generated by the three long, straight currents
I =, = I3 = 1.8mA [2.7mAl]] in the directions shown.

(b) Find the magnetic field B, (magnitude and direction) generated by the two circular currents
Is = Is = 1.5mA [2.5mA] in the directions shown.
@ ®) Is
I, —

tsla77



Unit Exam llI: Problem #2 (Spring "14) _W%"'m_u
(a) Find the magnetic field B, (magnitude and direction) generated by the three long, straight currents
I =, = I3 = 1.8mA [2.7mAl]] in the directions shown.

(b) Find the magnetic field B, (magnitude and direction) generated by the two circular currents
Is = Is = 1.5mA [2.5mA] in the directions shown.

@ (b) Is
I, —
£ 'b
I < I3 4cm
Solution: = 9cm B:l 9cm ©
(@) B, = % =4x107°T (directed )
[B, = Fo27MA) _ (' 10-9T (directed <)]

27t(9cm)
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Unit Exam llI: Problem #2 (Spring "14) _W%"'m_u
(a) Find the magnetic field B, (magnitude and direction) generated by the three long, straight currents
I =, = I3 = 1.8mA [2.7mAl]] in the directions shown.

(b) Find the magnetic field B, (magnitude and direction) generated by the two circular currents
Is = Is = 1.5mA [2.5mA] in the directions shown.

(a) (b) Is
I, —
£ 'b
I e I3 4cm
Solution: = 9cm B:l 9cm ©
(@) B, = Fo(18mA) _ 4x107°T (directed «)
271(9cm)
(B, = Fo(27mA) _ 6x107°T (directed )]
27t(9cm)
(b) By = Mo(LSMA) _ po(15mA) _ )10 1087 (girected )

2(4cm) 2(8cm)
(B, = Ho(25mA)  pp(2.5mA)

_ _8 .
2(4cm) 2(8cm) 1.96 x 107°T (directed ®)]

tsla77



Unit Exam llI: Problem #3 (Spring "14) W

tsla78

Consider a region of uniform magnetic field B = (31 + 2j + 1k)mT [B = (2i + 3] + 1k)mT]. A conducting rod
slides along conducting rails in the yz-plane as shown. The rails are connected on the right. The clock is set to
t = 0 at the instant shown.

(a) Find the magnetic flux ®p through the conducting loop at t = 0.
(b) Find the magnetic flux ®p through the conducting loop at t = 1s.
(c) Find the induced EMF.
(d)

d) Find the direction (cw/ccw) of the induced current.

z [cm]

5 v =lem/s
- -

S

X [em]



Unit Exam llI: Problem #3 (Spring "14) W

tsla78

Consider a region of uniform magnetic field B = (31 + 2j + 1k)mT [B = (2i + 3] + 1k)mT]. A conducting rod
slides along conducting rails in the yz-plane as shown. The rails are connected on the right. The clock is set to
t = 0 at the instant shown.

(a) Find the magnetic flux ®p through the conducting loop at t = 0.

(b) Find the magnetic flux ®p through the conducting loop at t = 1s.
(c) Find the induced EMF. e
(d) Find the direction (cw/ccw) of the induced current. : <=
Solution: 3
(@) ®3 = (3cm)(2cm)(3mT) = 1.8 x 10" °Wb 7,
[@p = (3cm)(2cm) (2mT) = 1.2 x 10~ Wb LY el e

S

X [em]



Unit Exam llI: Problem #3 (Spring "14) W

Consider a region of uniform magnetic field B = (31 + 2j + 1k)mT [B = (2i + 3] + 1k)mT]. A conducting rod
slides along conducting rails in the yz-plane as shown. The rails are connected on the right. The clock is set to
t = 0 at the instant shown.

(a) Find the magnetic flux ®p through the conducting loop at t = 0.

(b) Find the magnetic flux ®p through the conducting loop at t = 1s.
z [cm]
(c) Find the induced EMF. .
5 vV =lcmy/s
(d) Find the direction (cw/ccw) of the induced current. \
Solution: 3
2
(@) ®3 = (3cm)(2cm)(3mT) = 1.8 x 10" °Wb ,
[@p = (3cm)(2cm) (2mT) = 1.2 x 10~ Wb LY el e
1
(b) ®p = (4cm)(2cm)(3mT) = 2.4 x 10 Wb 3
[®p = (4cm)(2cm)(2mT) = 1.6 x 10~°Wh] A

X [em]
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Unit Exam llI: Problem #3 (Spring "14) W

Consider a region of uniform magnetic field B = (31 + 2j + 1k)mT [B = (2i + 3] + 1k)mT]. A conducting rod
slides along conducting rails in the yz-plane as shown. The rails are connected on the right. The clock is set to
t = 0 at the instant shown.

(a) Find the magnetic flux ®p through the conducting loop at t = 0.

(b) Find the magnetic flux ®p through the conducting loop at t = 1s.
z [cm]
(c) Find the induced EMF. .
5 vV =lcmy/s
(d) Find the direction (cw/ccw) of the induced current. \
Solution: 3
2
(@) ®3 = (3cm)(2cm)(3mT) = 1.8 x 10" °Wb ,
[@p = (3cm)(2cm) (2mT) = 1.2 x 10~ Wb LY el e
1
(b) ®p = (4cm)(2cm)(3mT) = 2.4 x 10 Wb 3
[®p = (4cm)(2cm)(2mT) = 1.6 x 10~°Wh] A
X [em]

(c) & = (1em/s)(3mT)(2cm) = 6 x 1077V
[€ = (1em/s)(2mT)(2cm) = 4 x 1077V]

tsla78



Unit Exam llI: Problem #3 (Spring "14) W

tsla78

Consider a region of uniform magnetic field B = (31 + 2j + 1k)mT [B = (2i + 3] + 1k)mT]. A conducting rod
slides along conducting rails in the yz-plane as shown. The rails are connected on the right. The clock is set to
t = 0 at the instant shown.

(a) Find the magnetic flux ®p through the conducting loop at t = 0.

(b) Find the magnetic flux ®p through the conducting loop at t = 1s.
z [cm]
(c) Find the induced EMF. .
5 vV =lcmy/s
(d) Find the direction (cw/ccw) of the induced current. \
Solution: 3
2
(@) ®3 = (3cm)(2cm)(3mT) = 1.8 x 10" °Wb ,
[@p = (3cm)(2cm) (2mT) = 1.2 x 10~ Wb LY el e
1
(b) ®p = (4cm)(2cm)(3mT) = 2.4 x 10 Wb 3
[®p = (4cm)(2cm)(2mT) = 1.6 x 10~°Wh] A
X [em]

(c) & = (1em/s)(3mT)(2cm) = 6 x 1077V
[€ = (1em/s)(2mT)(2cm) = 4 x 1077V]

(d) cw [ew]



Unit Exam Ill: Problem #1 (Fall "14) hmh'

Consider two infinitely long, straight wires with currents I, = 7A, I, = 9A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, B, B; at the points marked in the graph.

Ly
a B3
s
029 B,
g
o
3m 3m —-——
Iy

tsls85



Unit Exam Ill: Problem #1 (Fall "14) hmh'

Consider two infinitely long, straight wires with currents I, = 7A, I, = 9A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, B, B; at the points marked in the graph.

Ly
a B3
e
029 B,
=)
o
Solution: 3m 3m —
1
+ Convention used: out = positive, in = negative b
.p = Mo (TA_9AN i
Bl_2n (6m ) = 0.367uT (in).
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Unit Exam Ill: Problem #1 (Fall "14) hmh'

Consider two infinitely long, straight wires with currents I, = 7A, I, = 9A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, B, B; at the points marked in the graph.

Ly
a B3
e
029 B,
=)
o
Solution: 3m 3m —
1
+ Convention used: out = positive, in = negative b
.p = Mo (TA_9AN i
Bl_2n (6m ) = 0.367uT (in).
sp, = o (TA9AN i
By=o_ <3m ) = 0.133uT (in).
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Unit Exam Ill: Problem #1 (Fall "14) hmh'

Consider two infinitely long, straight wires with currents I, = 7A, I, = 9A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, B, B; at the points marked in the graph.

Ly
a B3
e
029 B,
=)
o
Solution: 3m 3m —
1
+ Convention used: out = positive, in = negative b
.p = Mo (TA_9AN i
Bl_2n (6m ) = 0.367uT (in).
sp, = o (TA9AN i
By=o <3m m 0.133uT (in).
LBy = Mo (TA9AN
By =~ <3 om ) = TO-167uT (out).

tsls85



Unit Exam llI: Problem #2 (Fall "14) Oy

Consider the (piecewise rectangular) conducting loop in the xy-plane as shown with a counterclockwise
current I = 4A in a uniform magnetic field B = 2T.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque T (magnitude and direction) acting on the loop.

Sm
y g
oy
- EAT
B Y 10m
a > b

51486



Unit Exam llI: Problem #2 (Fall "14) Oy

Consider the (piecewise rectangular) conducting loop in the xy-plane as shown with a counterclockwise
current I = 4A in a uniform magnetic field B = 2T.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque T (magnitude and direction) acting on the loop.

- EAT
Solution: -
Y

(@) i = (4A)(75m?)k = 300Am?k. a
X

51486



Unit Exam llI: Problem #2 (Fall "14) Oy

Consider the (piecewise rectangular) conducting loop in the xy-plane as shown with a counterclockwise
current I = 4A in a uniform magnetic field B = 2T.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque T (magnitude and direction) acting on the loop.

- EAT
Solution: -
Y

(@) i = (4A)(75m?)k = 300Am?k. a
X

(b) E=IL x B = (4A)(10mi) x (27T) = 80Nk. z

51486



Unit Exam llI: Problem #2 (Fall "14) Oy

Consider the (piecewise rectangular) conducting loop in the xy-plane as shown with a counterclockwise
current I = 4A in a uniform magnetic field B = 2T.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque T (magnitude and direction) acting on the loop.

Sm
y g
'y
- EAI
Solution: =
B Y 10m
(@) ji = (4A)(75m?)k = 300Amk. a > b
X

(b) F =1L x B = (4A)(10mji) x (2T}) = 80Nk. z

(c) #=ji x B = (300Am2k) x (2Tj) = —600Nm?

51486



Unit Exam IlI: Problem #3 (Fall "14)

tsls87

A conducting frame with a moving conducting rod is located in a uniform magnetic field directed out of the

plane as shown. The rod moves at constant velocity.

(a) Find the magnetic flux ®p through the frame and the induced emf £ around the frame at the instant shown.

(b) Find the magnetic flux ®g through the frame and the induced emf £ around the frame two seconds later.

Write magnitudes only (in Sl units), no directions.

B=5T
ZmI ® - v=2m/s
2m1
- e >
4m 2m



Unit Exam IlI: Problem #3 (Fall "14)

tsls87

A conducting frame with a moving conducting rod is located in a uniform magnetic field directed out of the
plane as shown. The rod moves at constant velocity.
(a) Find the magnetic flux ®p through the frame and the induced emf £ around the frame at the instant shown.

(b) Find the magnetic flux ®g through the frame and the induced emf £ around the frame two seconds later.

Write magnitudes only (in Sl units), no directions.

Solution:

(a) ®p = (16m?)(5T) = 80Wb,

B=5T
ZmI ® - v=2m/s
2m1
- e >
4m 2m

£ = (2m/s)(5T)(4m) = 40V.



Unit Exam IlI: Problem #3 (Fall "14)

tsls87

A conducting frame with a moving conducting rod is located in a uniform magnetic field directed out of the

plane as shown. The rod moves at constant velocity.

(a) Find the magnetic flux ®p through the frame and the induced emf £ around the frame at the instant shown.

(b) Find the magnetic flux ®g through the frame and the induced emf £ around the frame two seconds later.

Write magnitudes only (in Sl units), no directions.

B=5T
ZmI ® - v=2m/s
2m1
- e >
4m 2m

Solution:

(a) ®p = (16m?)(5T) = 80Wb, & = (2m/s)(5T)(4m) = 40V.

(b) ®p = (4m?)(5T) = 20Wb, & = (2m/s)(5T)(2m) = 20V.



Unit Exam llI: Problem #1 (Spring '15) !mim.'

A clockwise current I = 2.1A is flowing around the conducting triangular frame shown in a region of uniform
magnetic field B = —3mTj.

(a) Find the force E,;, acting on side ab of the triangle.
(b) Find the force Fy. acting on side bc of the triangle.
(c) Find the magnetic moment ji of the current loop.
(d) Find the torque T acting on the current loop.

Remember that vectors have components or magnitude and direction.

y [em]

tslaos




Unit Exam llI: Problem #1 (Spring '15) !;Tmh'

A clockwise current I = 2.1A is flowing around the conducting triangular frame shown in a region of uniform
magnetic field B = —3mTj.

(a) Find the force E,;, acting on side ab of the triangle.
(b) Find the force Fy. acting on side bc of the triangle.
(c) Find the magnetic moment ji of the current loop.
(d) Find the torque T acting on the current loop.

Remember that vectors have components or magnitude and direction.

Solution:

(@) By = (21A)(—2ecmk) x (=3mTj) = —1.26 x 10~*Ni.

y [em]
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Unit Exam llI: Problem #1 (Spring '15) !;Tmh'

A clockwise current I = 2.1A is flowing around the conducting triangular frame shown in a region of uniform
magnetic field B = —3mTj.

(a) Find the force E,;, acting on side ab of the triangle.
(b) Find the force Fy. acting on side bc of the triangle.
(c) Find the magnetic moment ji of the current loop.
(d) Find the torque T acting on the current loop.

Remember that vectors have components or magnitude and direction.

Solution:

(@) By = (21A)(—2ecmk) x (=3mTj) = —1.26 x 10~*Ni.
(b) B, =0.

y [em]
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Unit Exam llI: Problem #1 (Spring '15) !mim.'

A clockwise current I = 2.1A is flowing around the conducting triangular frame shown in a region of uniform
magnetic field B = —3mTj.

(a) Find the force E,;, acting on side ab of the triangle.
(b) Find the force Fy. acting on side bc of the triangle.
(c) Find the magnetic moment ji of the current loop.
(d) Find the torque T acting on the current loop.

Remember that vectors have components or magnitude and direction.

Solution:

(@) By = (21A)(—2ecmk) x (=3mTj) = —1.26 x 10~*Ni.
(b) B, =0.

(o) ji= —%(2cm)(2cm)l (21A) = —42 x 10~ *AmAi.

y [em]
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Unit Exam llI: Problem #1 (Spring '15) !mim.'

A clockwise current I = 2.1A is flowing around the conducting triangular frame shown in a region of uniform
magnetic field B = —3mTj.

(a) Find the force E,;, acting on side ab of the triangle.
(b) Find the force Fy. acting on side bc of the triangle.
(c) Find the magnetic moment ji of the current loop.
(d) Find the torque T acting on the current loop.

Remember that vectors have components or magnitude and direction.

Solution:

(@) By = (21A)(—2ecmk) x (=3mTj) = —1.26 x 10~*Ni.
(b) B, =0.

—%(2cm) (2em)i| (2.1A) = —4.2 x 10~ *Am?i.

(d) = (—42 x 107*Am?*) x (=3mTj) = 1.26 x 10~ °Nmk.

(0) ji=

y [em]

tslaos




Unit Exam IlI: Problem #2 (Spring "15) O
Consider four long, straight currents in four different configurations. All currents are I = 4mA in the directions
shown (® = in, ® = out). Find the magnitude (in SI units) and the direction («—, —, 1, ]) of the magnetic fields
B, By, B3, B4 generated at the points 1,...,4, respectively.

© I ©

3

& O ® &
£
i ©

3cm 3cm

T ®
£
& 4 0
O]
&
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Unit Exam llI: Problem #2 (Spring '15)

tsl495

Consider four long, straight currents in four different configurations. All currents are I = 4mA in the directions
shown (® = in, ® = out). Find the magnitude (in SI units) and the direction («—, —, 1, ]) of the magnetic fields

B, By, B3, B4 generated at the points 1,...,4, respectively.

Solution:
_ , Mo(4mA)

_ -8 .
=2 0(Bem) 533 x 107°T (directed J).

'Bl

2cm

,2cm |

}ZCm | 2cm |

&

©
—Q
©
3cm 3cm
©
—0©



Unit Exam llI: Problem #2 (Spring '15) hﬁhﬁ'

Consider four long, straight currents in four different configurations. All currents are I = 4mA in the directions
shown (® = in, ® = out). Find the magnitude (in SI units) and the direction («—, —, 1, ]) of the magnetic fields
B, By, B3, B4 generated at the points 1,...,4, respectively.

© I ©
& — Ot ® E—
=
3 O,
3cm 3cm
Solution:
T ©
By =2 Ho(4mA) _ 533 x 1078T (directed |) § 4
YT 2n@Bam) ) J ® O,
« B, =0 (no direction). - ©
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Unit Exam llI: Problem #2 (Spring '15) hﬁhﬁ'

Consider four long, straight currents in four different configurations. All currents are I = 4mA in the directions
shown (® = in, ® = out). Find the magnitude (in SI units) and the direction («—, —, 1, ]) of the magnetic fields
B, By, B3, B4 generated at the points 1,...,4, respectively.

© I ©
& — Ot ® E—
=
3 O,
3cm 3cm
Solution:
T ©
By =2 Ho(4mA) _ 533 x 1078T (directed |) § 4
YT 2n@Bam) ) J ® O,
« B, =0 (no direction). - ©

_ , Mo(4mA)

_ -8 :
2 2em) 8.00 x 10°°T (directed —).

. Bs
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Unit Exam llI: Problem #2 (Spring '15) hﬁhﬁ'

Consider four long, straight currents in four different configurations. All currents are I = 4mA in the directions
shown (® = in, ® = out). Find the magnitude (in SI units) and the direction («—, —, 1, ]) of the magnetic fields
B, By, B3, B4 generated at the points 1,...,4, respectively.

O, I O,
40T+
=
© B! ©
3cm 3cm 3cm 3cm
Solution:
T O,
By =2 Ho(4mA) _ 533 x 1078T (directed |) & 4
YT 2n@Bam) ’ 4 O ©
« B, =0 (no direction). . O,
« By3=2 po(4mA) _ 8.00 x 1078T (directed —).
271(2cm)

+ B, =0 (nodirection).

tsl495



Unit Exam llI: Problem #3 (Spring '15) M

A wire shaped into a triangle has resistance R = 3.50 and is placed in the yz-plane as shown. A uniform
time-dependent magnetic field B = B,(t)i is present. The dependence of B, on time is shown graphically.

(a) Find magnitude \(Dél)| and |<I>1(34)\ of the magnetic flux through the triangle at times t = 1s and ¢ = 4s,
respectively.
(b) Find magnitude I;,I; and direction (cw/ccw) of the induced current at times t = 1s and t = 4s, respectively.

z[m]

0 t[s]
12 3/4 5 6

tsla96



Unit Exam llI: Problem #3 (Spring "15)

tsla96

A wire shaped into a triangle has resistance R = 3.50 and is placed in the yz-plane as shown. A uniform
time-dependent magnetic field B = B,(t)i is present. The dependence of B, on time is shown graphically.

(a) Find magnitude \(Dél)| and |<I>1(34)\ of the magnetic flux through the triangle at times t = 1s and ¢ = 4s,

respectively.

(b) Find magnitude I;,I; and direction (cw/ccw) of the induced current at times t = 1s and t = 4s, respectively.

z[m]

Solution:

@ @] = |(2m?)(—2T)| = 40 Wb,
@47 = |(2m?)(0T) = 0.

12 3/4 5 6

t[s]



Unit Exam llI: Problem #3 (Spring "15) !;Tmh'

A wire shaped into a triangle has resistance R = 3.50 and is placed in the yz-plane as shown. A uniform
time-dependent magnetic field B = B,(t)i is present. The dependence of B, on time is shown graphically.

(a) Find magnitude \(Dél)| and |<I>1(34)\ of the magnetic flux through the triangle at times t = 1s and ¢ = 4s,
respectively.

(b) Find magnitude I;,I; and direction (cw/ccw) of the induced current at times t = 1s and t = 4s, respectively.

z[m]

Solution:
Bx[T]
@ @] = |(2m?)(—2T)| = 40 Wb, 2
4] = |(2m?)(0T) = 0. : 1

12 3/4 5 6

1)
aol)| | aB| B
0) |5 | = 4% | = 1) 0779 =0
= Il :0,
aol | | a| o, B
’dt 7‘AE = |(2m?)(1T/s)| = 2.0V

2.0V
= I = 350 = 0.571A  (cw).

tsla96



Unit Exam Ill: Problem #1 (Fall 15) hmh'

Consider a region with uniform magnetic field (i) B = 5Tj, (i) B = —6Ti. A conducting loop in the xy-plane has
the shape of a quarter circle with a clockwise current (i) I = 4A, (i) I = 3A.

(a) Find the magnetic moment j (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side (i) ab, (ii) bc of the loop.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

y

2m

2m
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Unit Exam Ill: Problem #1 (Fall 15) hmh'

Consider a region with uniform magnetic field (i) B = 5Tj, (i) B = —6Ti. A conducting loop in the xy-plane has
the shape of a quarter circle with a clockwise current (i) I = 4A, (i) I = 3A.

(a) Find the magnetic moment j (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side (i) ab, (ii) bc of the loop.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

y

Solution: c

2m

(ia) ji = (4A)(3.14m?)(—k) = —12.6Am>k.

2m
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Unit Exam Ill: Problem #1 (Fall 15) _'-m"‘-'gi
Consider a region with uniform magnetic field (i) B = 5Tj, (i) B = —6Ti. A conducting loop in the xy-plane has
the shape of a quarter circle with a clockwise current (i) I = 4A, (i) I = 3A.

(a) Find the magnetic moment j (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side (i) ab, (ii) bc of the loop.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
Solution: c
I
(ia) ji = (4A)(3.14m?)(—k) = —12.6Am?k. &
(ib) Ep = (4A)(—2mi) x (5T]) = —40Nk.
b a

2m

tsl523




Unit Exam Ill: Problem #1 (Fall 15) hmh'

Consider a region with uniform magnetic field (i) B = 5Tj, (i) B = —6Ti. A conducting loop in the xy-plane has
the shape of a quarter circle with a clockwise current (i) I = 4A, (i) I = 3A.

(a) Find the magnetic moment j (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side (i) ab, (ii) bc of the loop.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
Solution: C
1
(ia) fi = (4A)(3.14m?)(—k) = —12.6Am>k &
(ib) Ep = (4A)(—2mi) x (5T]) = —40Nk.
(ic) T = (—12.6Am>?k) x (5T}) = 63.0Nmi b ,, a
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Unit Exam Ill: Problem #1 (Fall 15) hmh'

Consider a region with uniform magnetic field (i) B = 5Tj, (i) B = —6Ti. A conducting loop in the xy-plane has
the shape of a quarter circle with a clockwise current (i) I = 4A, (i) I = 3A.

(a) Find the magnetic moment j (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side (i) ab, (ii) bc of the loop.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
Solution: C
1
(ia) ji = (4A)(3.14m?)(—k) = —12.6Am>k. &
(ib) Ep = (4A)(—2mi) x (5T]) = —40Nk.
(ic) T = (—12.6Am>?k) x (5T}) = 63.0Nmi b ,, a

(iia) i = (3A)(3.14m?)(—k) = —9.42Am?k.

tsl523



Unit Exam llI: Problem #1 (Fall '15)

tsl523

Consider a region with uniform magnetic field (i) B = 5Tj, (i) B = —6Ti. A conducting loop in the xy-plane has
the shape of a quarter circle with a clockwise current (i) I = 4A, (i) I = 3A.

(a) Find the magnetic moment j (magnitude and direction) of the loop.

(b) Find the force F (magnitude and direction) acting on the side (i) ab, (ii) bc of the loop.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

Solution:

(ia) ji
(ib) Ep = (4A)(—2mi) x (5T]) = —40Nk.
(ic) T = (—12.6Am>?k) x (5T}) = 63.0Nmi

(iia) i = (3A)(3.14m?)(—k) = —9.42Am?k.

(iib) Fye = (3A)(2m]) x (—6Ti) = 36Nk.

= (4A)(3.14m?) (k) = —12.6Am?k.

y

2m

2m




Unit Exam llI: Problem #1 (Fall '15)

tsl523

Consider a region with uniform magnetic field (i) B = 5Tj, (i) B = —6Ti. A conducting loop in the xy-plane has
the shape of a quarter circle with a clockwise current (i) I = 4A, (i) I = 3A.

(a) Find the magnetic moment j (magnitude and direction) of the loop.

(b) Find the force F (magnitude and direction) acting on the side (i) ab, (ii) bc of the loop.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

Solution:

(ia) ji = (4A)(3.14m?)(—k) = —12.6Am>k.
(ib) Fu = (4A)(—2mi) x (5T]) = —40Nk.
(ic) T = (—12.6Am>?k) x (5T}) = 63.0Nmi

(iia) i = (3A)(3.14m?)(—k) = —9.42Am°k.
(iib) Fye = (3A)(2m]) x (—6Ti) = 36Nk.
(iic) % = (—9.42Am?k) x (—6T7) = 56.5Nmj

y

2m

2m




Unit Exam Iil: Problem #2 (Fall '15) ﬁ

Consider two infinitely long, straight wires with currents of equal magnitude I, = I, = 6A in the directions
shown. Find direction (in/out) and magnitude of the magnetic fields By, .., Bg at the points marked in the

graph.

Iw

Bs |B

2m 2m | 2m 2m —

tsl524



Unit Exam Iil: Problem #2 (Fall '15) ﬁ

Consider two infinitely long, straight wires with currents of equal magnitude I, = I, = 6A in the directions
shown. Find direction (in/out) and magnitude of the magnetic fields By, .., Bg at the points marked in the

graph.
Ia
Solution: ¢
6A  6A o Bi[ B B3
.31:& — —— ) =0 (nodirection). &
27t \4m  4m
Bs| g Bs |By
(o]
2m 2m | 2m 2m «—
Iy
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Unit Exam Iil: Problem #2 (Fall '15) ﬁ

Consider two infinitely long, straight wires with currents of equal magnitude I, = I, = 6A in the directions
shown. Find direction (in/out) and magnitude of the magnetic fields By, .., Bg at the points marked in the

graph.
Ia

Solution: ¢

irecti B;| B B,
Bi=1 (@ - %> =0 (no direction). -

27 \4dm 4m

g fo (6A 6AY _ oo By z| Bs B,

B2 = 27 (4m m/) 0.3uT (into plane). E
2m 2m 2m  2m —
Iy
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Unit Exam Ill: Problem #2 (Fall '15) hmh'

Consider two infinitely long, straight wires with currents of equal magnitude I, = I, = 6A in the directions
shown. Find direction (in/out) and magnitude of the magnetic fields By, .., Bg at the points marked in the

graph.
Ia
Solution: ¢
. . B B B3
.p =1 (@ _ @) =0 (nodirection). 2 E
2 \4m 4m
. _ Mo 6A_6A _ . B6 s Bs B4
By = o (4—m om ) = 0.3uT (into plane). &
. _ Mo 6A  6A\ 2m 2m | 2m 2m —
B = o (4—m tam ) = +0.6uT (out of plane). I

tsl524



Unit Exam llI: Problem #2 (Fall '15)

Consider two infinitely long, straight wires with currents of equal magnitude I, = I, = 6A in the directions
shown. Find direction (in/out) and magnitude of the magnetic fields By, .., Bg at the points marked in the

graph.
Solution:
. g = Mo
B = 21
., = Mo
B2 = 21
. B.= MO
Bs = 21
)

T 2m

tsl524

=0 (no direction).

= —0.3uT (into plane).

0.9uT (out of plane).

Iw

= +0.6uT (out of plane).

B B, £ B3
Q
B g Bs 1B,
N
2m 2m | 2m 2m —
Iy




Unit Exam llI: Problem #2 (Fall '15)

tsl524

Consider two infinitely long, straight wires with currents of equal magnitude I, = I, = 6A in the directions
shown. Find direction (in/out) and magnitude of the magnetic fields By, .., Bg at the points marked in the

graph.
Solution:
L, _ o (6A _6AY _ o
Bi=on (4m am ) =0 (no direction).
gy Mo (BA_BAN oo
B2 = 27 (4m m/) 0.3uT (into plane).
Cpy = fo (6A | 6AY)
Bs=on (4m + 4 ) = T06uT (out of plane).
A
Be=on (zm + 4 ) = 09T (out of plane).
Cp = fo (6A | 6AY)
Bs = 2 <2m m) = 1.2uT (out of plane).

Ia¢

B B, £ B3
Q
B g Bs 1B,
N
2m 2m | 2m 2m —
Iy




Unit Exam llI: Problem #2 (Fall '15)

tsl524

Consider two infinitely long, straight wires with currents of equal magnitude I, = I, = 6A in the directions
shown. Find direction (in/out) and magnitude of the magnetic fields By, .., Bg at the points marked in the

graph.
Solution:
g (A A\
Bi=on (4m am ) =0 (no direction).
g I (SA_GAY oo
B2 = 27 (4m m/) 0.3uT (into plane).
Ly Mo (6A 6AY
Bs=on (4m + 4 ) = T06uT (out of plane).
gy fo (A 6AY
Bi= 27 (zm + im ) = 0.9uT (out of plane).
Cp Mo (6A L 6AY
Bs = 2 <2m m) = 1.2uT (out of plane).
.p = Mo (6A _6AN .
Bo=2n (2m m ) = 0 (no direction).

Ia¢

B B, £ B3
Q
B g Bs 1B,
N
2m 2m | 2m 2m —
Iy




Unit Exam IIl: Problem #3 (Fall '15) hmh'

A conducting wire bent into a square of side (i) 1.2m, (ii) 1.3m is placed in the yz-plane. The time-dependence
of the magnetic field B(t) = B, (t)1 is shown graphically.

(a) Find the magnitude |®p| of the magnetic flux through the square at times (i) t = 1s, t = 3s, and t = 4s, (ii)
t=4s,t=>5s,andt=7s.

(b) Find the magnitude |£] of the induced EMF at the above times.

(c) Find the direction (cw, ccw, zero) of the induced current at the above times.

. B,[T]
47
2,
0 T T —r— t[s]
12 3/4 5 6 78
y =2+
X -4

tsl525



Unit Exam III: Problem #3 (Fall '15)

Solution:

(ia) |@| = (1.44m2)(4T) = 5.76 Wb
|0Y)| = (1.44m?)(2T) = 2.88 Wb

|0l | = (1.44m?)(0T) = 0

tsl525



Unit Exam IIl: Problem #3 (Fall '15) Oy,

Solution:

(ia) |@| = (1.44m2)(4T) = 5.76 Wb
|0Y)| = (1.44m?)(2T) = 2.88 Wb
@4 = (144m?)(0T) =0

(ib) €M = (1.44m?)(0T/s) =0
EB) = (1.44m?)(2T/s) = 2.88V

EW = (1.44m?)(2T/s) = 2.88V

tsl525



Unit Exam IIl: Problem #3 (Fall '15) Oy,

Solution:

(ia) |@| = (1.44m2)(4T) = 5.76 Wb
|0Y)| = (1.44m?)(2T) = 2.88 Wb
@4 = (144m?)(0T) =0

(ib) €M = (1.44m?)(0T/s) =0
EB) = (1.44m?)(2T/s) = 2.88V
EW = (1.44m?)(2T/s) = 2.88V

(ic) zero, cw, cw

tsl525



Unit Exam III: Problem #3 (Fall '15)

Solution:

(ia) |@| = (1.44m2)(4T) = 5.76 Wb
|0Y)| = (1.44m?)(2T) = 2.88 Wb
|0l | = (1.44m?)(0T) = 0

(ib) €M = (1.44m?)(0T/s) =0
EB) = (1.44m?)(2T/s) = 2.88V
EW = (1.44m?)(2T/s) = 2.88V

(ic) zero, cw, cw

tsl525

(iia) \d)
\CD

| <I>

)| = (1.69m2) (0T) = 0
)| = (1.69m?) (2T) = 3.38 Wb

| = (1.69m?) (4T) = 6.76 Wb




Unit Exam lII: Problem #3 (Fall '15) hﬂ"mﬂ_..

Solution:

(ia) |@| = (1.44m2)(4T) = 5.76 Wb (iia) (@] = (1.69m2)(0T) = 0
|0Y)| = (1.44m?)(2T) = 2.88 Wb 10| = (1.69m?)(2T) = 3.38 Wb
|0l | = (1.44m?)(0T) = 0 |07)| = (1.69m?) (4T) = 6.76 Wb

(ib) €M = (1.44m?)(0T/s) =0 (iib) £® = (1.69m?)(2T/s) = 3.38V
EB) = (1.44m?)(2T/s) = 2.88V £B) = (1.69m?)(2T/s) = 3.38V
EW = (1.44m?)(2T/s) = 2.88V E7) = (1.69m?)(0T/s) = 0

(ic) zero, cw, cw
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Unit Exam III: Problem #3 (Fall '15)

Solution:

(ia) |@| = (1.44m2)(4T) = 5.76 Wb
|0Y)| = (1.44m?)(2T) = 2.88 Wb
|0l | = (1.44m?)(0T) = 0

(ib) €M = (1.44m?)(0T/s) =0
EB) = (1.44m?)(2T/s) = 2.88V
EW = (1.44m?)(2T/s) = 2.88V

(ic) zero, cw, cw

tsls25

(iia) \@ )| = (1.69m?) (0T) = 0
\CID )| = (1.69m?)(2T) = 3.38 Wb
|07)| = (1.69m?) (4T) = 6.76 Wb

(iib) £® = (1.69m?)(2T/s) = 3.38V
£®) = (1.69m?) (2T /s) = 3.38V
E7) = (1.69m?)(0T/s) = 0

(iic) cw, cw, zero




Unit Exam llI: Problem #1 (Spring '16) hmh'

Conducting squares 1 and 2, each of side 2cm, are positioned as shown. A current I = 3A is flowing around
each square in the direction shown. A uniform magnetic field B = 5mTk exists in the entire region.

(a) Find the forces F,, and E,; acting on sides ab and cd, respectively.
(b) Find the magnetic moments i and i, of squares 1 and 2, respectively.
(c) Find the torques 7; and % acting on squares 1 and 2, respectively.

Remember that vectors have components or magnitude and direction.

y [em]

tsl532



Unit Exam lll: Problem #1 (Spring '16) M
Conducting squares 1 and 2, each of side 2cm, are positioned as shownA. A current I = 3A is flowing around
each square in the direction shown. A uniform magnetic field B = 5mTk exists in the entire region.
(a) Find the forces F,, and E,; acting on sides ab and cd, respectively.
(b) Find the magnetic moments i and i, of squares 1 and 2, respectively.
(c) Find the torques 7; and % acting on squares 1 and 2, respectively.

Remember that vectors have components or magnitude and direction.
Solution:

z [cm]

(@) By = (3A)(2emj) x (5mTk) = 3 x 107*Ni.

Fy = (3A)(—2cmi) x (5mTk) = 3 x 107*Nj.

y [em]
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Unit Exam llI: Problem #1 (Spring '16) hmh'

Conducting squares 1 and 2, each of side 2cm, are positioned as shown. A current I = 3A is flowing around
each square in the direction shown. A uniform magnetic field B = 5mTk exists in the entire region.

(a) Find the forces F,, and E,; acting on sides ab and cd, respectively.
(b) Find the magnetic moments i and i, of squares 1 and 2, respectively.
(c) Find the torques 7; and % acting on squares 1 and 2, respectively.

Remember that vectors have components or magnitude and direction.
Solution:

z [cm]

(@) By = (3A)(2emj) x (5mTk) = 3 x 107*Ni.

Fy = (3A)(—2cmi) x (5mTk) = 3 x 107*Nj.

(b) i1 = (2em)?(3A)i = 1.2 x 1073 Am?i.

fia = (2cm)?(3A)k = 1.2 x 10~ 3Am>L.

y [em]
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Unit Exam llI: Problem #1 (Spring '16) hmh'

Conducting squares 1 and 2, each of side 2cm, are positioned as shown. A current I = 3A is flowing around
each square in the direction shown. A uniform magnetic field B = 5mTk exists in the entire region.

(a) Find the forces F,, and E,; acting on sides ab and cd, respectively.
(b) Find the magnetic moments i and i, of squares 1 and 2, respectively.
(c) Find the torques 7; and % acting on squares 1 and 2, respectively.

Remember that vectors have components or magnitude and direction.
Solution:

z [cm]

(@) By = (3A)(2emj) x (5mTk) = 3 x 107*Ni.

Fy = (3A)(—2cmi) x (5mTk) = 3 x 107*Nj.

(b) i1 = (2em)?(3A)1 = 1.2 x 10 Am?1.
fia = (2cm)?(3A)k = 1.2 x 10~ 3Am>L.

y [em]

(c) B = (12 x 107 3Am?{) x (5mTk) = —6 x 10~ °Nmj.

7 = (1.2 x 1073 Am2k) x (5mTk) = 0.

tsl532



Unit Exam llI: Problem #2 (Spring "16) hmh'

(a) Consider two long, straight currents I = 3mA in the directions shown. Find the magnitude of the magnetic
field at point a. Find the directions (+, —, 1, |) of the magnetic field at points b and c.

(b) Consider a circular current I = 3mA in the direction shown. Find the magnitude of the magnetic field at
point d. Find the directions (®, ®) of the magnetic field at points e and f.

@ () A

tsl533



Unit Exam llI: Problem #2 (Spring "16) hmh'

(a) Consider two long, straight currents I = 3mA in the directions shown. Find the magnitude of the magnetic
field at point a. Find the directions (+, —, 1, |) of the magnetic field at points b and c.

(b) Consider a circular current I = 3mA in the direction shown. Find the magnitude of the magnetic field at
point d. Find the directions (®, ®) of the magnetic field at points e and f.

@ () A

Solution:

(a) Ba :2g0(3mA) =171x10%T B, 1, B.

71(7cm)
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Unit Exam llI: Problem #2 (Spring "16) hmh'

(a) Consider two long, straight currents I = 3mA in the directions shown. Find the magnitude of the magnetic
field at point a. Find the directions (+, —, 1, |) of the magnetic field at points b and c.

(b) Consider a circular current I = 3mA in the direction shown. Find the magnitude of the magnetic field at
point d. Find the directions (®, ®) of the magnetic field at points e and f.

@ () A

Solution:

_,#o(BmA) -8
(a) B, =2 ) = MT1X10T By 4, B,
(b) By = M0BMA) 5001075, B, o, B ®.

2(9cm)

tsl533



Unit Exam llI: Problem #3 (Spring "16) !;Tmh'

A wire shaped into a rectangular loop as shown is placed in the yz-plane. A uniform time-dependent magnetic
field B = B, (t)i is present. The dependence of B, on time is shown graphically.

(a) Find magnitude \(Déz)| of the magnetic flux through the loop at time t = 2s.
(b) Find magnitude |¢E,5)\ of the magnetic flux through the loop at time t = 5s.
(c) Find magnitude |£®@)| of the induced EMF at time ¢ = 2s.
(d) Find magnitude |£©)| of the induced EMF at time ¢ = 5s.

)

(e) Find the direction (cw/ccw) and magnitude I of the induced current at time t = 2s if the wire has resistance
1Q) per meter of length.

z[m]

t[s]

y[m]

tsl534



Unit Exam llI: Problem #3 (Spring "16) !;Tmh'

A wire shaped into a rectangular loop as shown is placed in the yz-plane. A uniform time-dependent magnetic
field B = B, (t)i is present. The dependence of B, on time is shown graphically.

(a) Find magnitude \(D | of the magnetic flux through the loop at time t = 2s.
(b) Find magnitude |d> \ of the magnetic flux through the loop at time t = 5s.
(c) Find magnitude |£®@)| of the induced EMF at time ¢ = 2s.
(d) Find magnitude |£©)| of the induced EMF at time ¢ = 5s.

)

(e) Find the direction (cw/ccw) and magnitude I of the induced current at time t = 2s if the wire has resistance
1Q) per meter of length.

z[m]

Solution:
a) (@] = |(8m?)(0T)| =0,

t[s]

y[m]

tsl534



Unit Exam llI: Problem #3 (Spring "16) !;Tmh'

A wire shaped into a rectangular loop as shown is placed in the yz-plane. A uniform time-dependent magnetic
field B = B, (t)i is present. The dependence of B, on time is shown graphically.

(a) Find magnitude \(D | of the magnetic flux through the loop at time t = 2s.
(b) Find magnitude |d> \ of the magnetic flux through the loop at time t = 5s.
(c) Find magnitude |£®@)| of the induced EMF at time ¢ = 2s.
(d) Find magnitude |£©)| of the induced EMF at time ¢ = 5s.

)

(e) Find the direction (cw/ccw) and magnitude I of the induced current at time t = 2s if the wire has resistance
1Q) per meter of length.

z[m]

Solution:

(a) |d>2|—|( m?)(0T)| =0,

(b) |¢' |_|( ?)(2T)| = 16 Wb, sl

y[m]
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Unit Exam llI: Problem #3 (Spring "16) !;Tmh'

A wire shaped into a rectangular loop as shown is placed in the yz-plane. A uniform time-dependent magnetic
field B = B, (t)i is present. The dependence of B, on time is shown graphically.

(a) Find magnitude \(D | of the magnetic flux through the loop at time t = 2s.

(b) Find magnitude |d> \ of the magnetic flux through the loop at time t = 5s.
(c) Find magnitude |£®@)| of the induced EMF at time ¢ = 2s.
(d) Find magnitude |£©)| of the induced EMF at time ¢ = 5s.

)

(e) Find the direction (cw/ccw) and magnitude I of the induced current at time t = 2s if the wire has resistance
1Q) per meter of length.

z[m]

Solution:

a) || = |(8m?)(0T)| =0,
( ) [@F] = [(8m?)(2T)| =16 Wb, »
() |E@] = A% |(8m?)(1T/s) = 8V il

dt

tsl534



Unit Exam llI: Problem #3 (Spring "16) !;Tmh'

A wire shaped into a rectangular loop as shown is placed in the yz-plane. A uniform time-dependent magnetic
field B = B, (t)i is present. The dependence of B, on time is shown graphically.

(a) Find magnitude \(Déz)| of the magnetic flux through the loop at time t = 2s.

(b) Find magnitude |¢E,5)\ of the magnetic flux through the loop at time t = 5s.
(c) Find magnitude |£®@)| of the induced EMF at time ¢ = 2s.
(d) Find magnitude |£©)| of the induced EMF at time ¢ = 5s.

)

(e) Find the direction (cw/ccw) and magnitude I of the induced current at time t = 2s if the wire has resistance
1Q) per meter of length.

z[m]

Solution:

(@) |®f| = |(8m?)(0T)

(b) (@] = |(8m?)(2T)| = 16 Wb, .
© @] = 'A

(d) 1€®)| = 'A

tsl534



Unit Exam llI: Problem #3 (Spring "16)

tsls34

A wire shaped into a rectangular loop as shown is placed in the yz-plane. A uniform time-dependent magnetic

field B = B, (t)i is present. The dependence of B, on time is shown graphically.
(a) Find magnitude \(Déz)| of the magnetic flux through the loop at time t = 2s.

(b) Find magnitude |¢E,5)\ of the magnetic flux through the loop at time t = 5s.

(c) Find magnitude |£®@)| of the induced EMF at time ¢ = 2s.
(d) Find magnitude |£©)| of the induced EMF at time ¢ = 5s.
)

(e) Find the direction (cw/ccw) and magnitude I of the induced current at time t = 2s if the wire has resistance

1Q) per meter of length.

z[m]

Solution:

(@) [@f| = |(8m?)(0T)| =0,
|=1(

(b) || = |(8m2)(2T)| = 16 Wb,
() |E@] = 'A%‘ = |(8m?)(1T/s) = 8V il
(d) 1€®)| = 'A‘Zlif = [(8m?)(0T/s) =0

) 10 = BV _o667A. (cw).

t[s]



Unit Exam Ill: Problem #1 (Fall "16) hmh'

A current I is flowing around the conducting rectangular frame in the direction shown. The frame is located in
a region of uniform magnetic field B.

(a) Find the force F,, (magnitude and direction) acting on side ab.

(b) Find the force F;. (magnitude and direction) acting on side bc.

(c) Find the magnetic moment i (magnitude and direction) of the current loop.
(

d) Find the torque 7 (magnitude and direction) acting on the frame.

z [cm]

y [em]
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Unit Exam Ill: Problem #1 (Fall "16) hmh'

A current I is flowing around the conducting rectangular frame in the direction shown. The frame is located in
a region of uniform magnetic field B.

(a) Find the force F,, (magnitude and direction) acting on side ab.

(b) Find the force F;. (magnitude and direction) acting on side bc.

(c) Find the magnetic moment i (magnitude and direction) of the current loop.
(

d) Find the torque 7 (magnitude and direction) acting on the frame.

z [cm]

Solution for I = 1.2A, B = 0.7mTk:

(@) Fy, = (1.2A)(—2cmk) x (0.7mTk) = 0.

y [em]
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Unit Exam Ill: Problem #1 (Fall "16) hmh'

A current I is flowing around the conducting rectangular frame in the direction shown. The frame is located in
a region of uniform magnetic field B.

(a) Find the force F,, (magnitude and direction) acting on side ab.

(b) Find the force F;. (magnitude and direction) acting on side bc.

(c) Find the magnetic moment i (magnitude and direction) of the current loop.
(

d) Find the torque 7 (magnitude and direction) acting on the frame.

z [cm]

Solution for I = 1.2A, B = 0.7mTk:

(@) Fy, = (1.2A)(—2cmk) x (0.7mTk) = 0.

(b) Fye = (1.2A)(3emj) x (0.7mTk) = 2.52 x 10~5Ni.

y [em]
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Unit Exam Ill: Problem #1 (Fall "16) hmh'

A current I is flowing around the conducting rectangular frame in the direction shown. The frame is located in
a region of uniform magnetic field B.

(a) Find the force F,, (magnitude and direction) acting on side ab.

(b) Find the force F;. (magnitude and direction) acting on side bc.

(c) Find the magnetic moment i (magnitude and direction) of the current loop.
(

d) Find the torque 7 (magnitude and direction) acting on the frame.

z [cm]

Solution for I = 1.2A, B = 0.7mTk:

(@) Fy, = (1.2A)(—2cmk) x (0.7mTk) = 0.

(b) Fye = (1.2A)(3emj) x (0.7mTk) = 2.52 x 10~5Ni.

y [em]

(c) fi = (2em)(3ecm)(1.2A)(—1) = —7.2 x 10~ *Am?i.
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Unit Exam Ill: Problem #1 (Fall "16) hmh'

A current I is flowing around the conducting rectangular frame in the direction shown. The frame is located in
a region of uniform magnetic field B.

(a) Find the force F,, (magnitude and direction) acting on side ab.

(b) Find the force F;. (magnitude and direction) acting on side bc.

(c) Find the magnetic moment i (magnitude and direction) of the current loop.
(

d) Find the torque 7 (magnitude and direction) acting on the frame.

z [cm]

Solution for I = 1.2A, B = 0.7mTk:

(@) Fy, = (1.2A)(—2cmk) x (0.7mTk) = 0.

(b) Fye = (1.2A)(3emj) x (0.7mTk) = 2.52 x 10~5Ni.
y [em]

(c) fi = (2em)(3ecm)(1.2A)(—1) = —7.2 x 10~ *Am?i.

(d) T=(-72x10"*Am?}) x (0.7mTk) = 5.04 x 10~"Nmj.

tslsa



Unit Exam IlI: Problem #1 (Fall '16)

tsls41

Solution for | = 2.1A, B = 0.8mTj

(@) Fy = (2.1A)(—2cmk) x (0.8mTj) = 3.36 x 107°Ni.




Unit Exam IlI: Problem #1 (Fall '16)

tsls41

Solution for | = 2.1A, B = 0.8mTj

(@) Fy = (2.1A)(—2cmk) x (0.8mTj) = 3.36 x 107°Ni.

(b) Fye = (2.1A)(3cmj) x (0.8mTj) = 0.




Unit Exam IlI: Problem #1 (Fall '16)

Solution for | = 2.1A, B = 0.8mTj

(@) Fy = (2.1A)(—2cmk) x (0.8mTj) = 3.36 x 10~°Ni.

(b) Fye = (2.1A)(3cmj) x (0.8mTj) = 0.

(c) fi = (2em)(3em)(2.1A)(—1) = —1.26 x 10> Am?i.
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Unit Exam IlI: Problem #1 (Fall '16)

Solution for | = 2.1A, B = 0.8mTj

(@) Fy = (2.1A)(—2cmk) x (0.8mTj) = 3.36 x 10~°Ni.

(b) Fye = (2.1A)(3cmj) x (0.8mTj) = 0.

(c) fi = (2cm)(3em)(2.1A)(—1) = —1.26 x 10~ >Am*i.

(d) T=(-1.26 x 1073Am?1) x (0.8mTj) = —1.01 x 10" *Nmk.

tslsa




Unit Exam Ili: Problem #2 (Fall '16) Oy

Two infinitely long, straight wires at positions y = 10m and y = 4m carry currents I, and I, respectively. Find
direction (in/out) and magnitude of the magnetic fields B,, Bs, Bs, and B, at the points marked in the graph.

y
B12 12m Ia=5A
Bg 8m
Bg ¢ 6m I, =3A
—
B, 2m
X

tslsa2



Unit Exam Ili: Problem #2 (Fall '16) Oy

Two infinitely long, straight wires at positions y = 10m and y = 4m carry currents I, and I, respectively. Find
direction (in/out) and magnitude of the magnetic fields B,, Bs, Bs, and B, at the points marked in the graph.

y Solution:
5A  3A _ .
Biz ¢ 12m I,=5A * B = %{_)[ (*R + %> =—425x10"T (in).
Bg 8m
Bg ¢ 6m I, =3A

B, 2m
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Unit Exam IlI: Problem #2 (Fall '16)

Two infinitely long, straight wires at positions y = 10m and y = 4m carry currents I, and I, respectively. Find
direction (in/out) and magnitude of the magnetic fields B,, Bs, Bs, and B, at the points marked in the graph.

y Solution:
5A  3A _ .
By ¢ 12m I =5A * Bip = %OT (*R %> =—425x10"T (in).
B, &8m c By Mo (SA L BAN 50 107T (out
s 8= 27 \2m ' 4m oo (out).
Bg ¢ 6m I, =3A
B, 2m
X
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Unit Exam Ili: Problem #2 (Fall '16) Oy

Two infinitely long, straight wires at positions y = 10m and y = 4m carry currents I, and I, respectively. Find
direction (in/out) and magnitude of the magnetic fields B,, Bs, Bs, and B, at the points marked in the graph.

y Solution:
5A  3A o
Biz ¢ 12m I,=5A * B = %{_)[ (*R + %> =—425x10"T (in).
B, &8m c By Mo (SA L BAN 50 107T (out
$ 8= 27 \2m | 4m e (out).
Bg ¢ 6m I, =3A
n A 3A
- By = ;‘—0 <Z— + %) —550x107T (out).
B2 2m 7T m m
X
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Unit Exam IiI: Problem #2 (Fall '16) M

Two infinitely long, straight wires at positions y = 10m and y = 4m carry currents I, and I, respectively. Find
direction (in/out) and magnitude of the magnetic fields B,, Bs, Bs, and B, at the points marked in the graph.

y Solution:
5A  3A o
Biz ¢ 12m I,=5A * B = %{_)[ (*R + %> =—425x10"T (in).
B, &8m c By Mo (SA L BAN 50 107T (out
s 8= 27 \2m T im oo (out).
Bg ¢ 6m I, =3A
— A 3A
- By = ;‘—0 <Z— + %) —550x107T (out).
B2 2m T m m

X
.By =10 <% - %> = -175%x107°T (in).
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Unit Exam Ili: Problem #3 (Fall 16) '-m'i?..-'

A conducting wire of 16mm radius carries a current I that is uniformly distributed over its cross section and
directed out of the plane. Find direction (left/right/up/down) and magnitude of the magnetic fields By, By, Bo,
Bs, and By at the positions indicated if the current is I = 2.5A.

tsl543



Unit Exam Ili: Problem #3 (Fall 16) '-m'i?..-'

A conducting wire of 16mm radius carries a current I that is uniformly distributed over its cross section and
directed out of the plane. Find direction (left/right/up/down) and magnitude of the magnetic fields By, By, Bo,
Bs, and By at the positions indicated if the current is I = 2.5A.

Solution:

‘BOIO
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Unit Exam Ili: Problem #3 (Fall 16) '-m'i?..-'

A conducting wire of 16mm radius carries a current I that is uniformly distributed over its cross section and
directed out of the plane. Find direction (left/right/up/down) and magnitude of the magnetic fields By, By, Bo,
Bs, and By at the positions indicated if the current is I = 2.5A.

Solution:

‘BOIO

- (By)(2m)(8mm) = py(I/4) = By =156 x 1075T (left)
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Unit Exam Ili: Problem #3 (Fall 16) '-m'i?..-'

A conducting wire of 16mm radius carries a current I that is uniformly distributed over its cross section and
directed out of the plane. Find direction (left/right/up/down) and magnitude of the magnetic fields By, By, Bo,
Bs, and By at the positions indicated if the current is I = 2.5A.

Solution:

‘BOIO

- (By)(2m)(8mm) = py(I/4) = By =156 x 1075T (left)

« (B2)(2m)(8mm) = pg(I/4) = Bo =156 x 10T (up)
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Unit Exam Ili: Problem #3 (Fall 16) '-m'i?..-'

A conducting wire of 16mm radius carries a current I that is uniformly distributed over its cross section and
directed out of the plane. Find direction (left/right/up/down) and magnitude of the magnetic fields By, By, Bo,
Bs, and By at the positions indicated if the current is I = 2.5A.

Solution:

‘BOIO

- (By)(2m)(8mm) = py(I/4) = By =156 x 1075T (left)

« (B2)(2m)(8mm) = pg(I/4) = Bo =156 x 10T (up)

+ (B3)(2m)(20mm) = ol = B3 =25x107°T (left)
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Unit Exam Ili: Problem #3 (Fall 16) '-m'i?..-'

A conducting wire of 16mm radius carries a current I that is uniformly distributed over its cross section and
directed out of the plane. Find direction (left/right/up/down) and magnitude of the magnetic fields By, By, Bo,
Bs, and By at the positions indicated if the current is I = 2.5A.

Solution:

‘BOIO

- (By)(2m)(8mm) = py(I/4) = By =156 x 1075T (left)

« (B2)(2m)(8mm) = pg(I/4) = Bo =156 x 10T (up)

+ (B3)(2m)(20mm) = ol = B3 =25x107°T (left)

- (B4)(27)(24mm) = yoI = By =2.08x 10°T (up)

tsl543



Unit Exam III: Problem #z (Fall '16) Lot

A conducting frame of width 4 = 1.6m with a moving conducting rod is located in a uniform magnetic field
B = 3T directed out of the plane. The rod moves at constant velocity v = 0.4m/s toward the right. Its
instantaneous position is x(t) = ot. Find the magnetic flux ®5 through the frame and the induced emf £
around the frame at times t, = 2s, t3 = 3s, t; = 4s, and t5 = 5s. Write magnitudes only (in Sl units), no
directions. Is the induced current directed clockwise or counterclockwise?

x(t) = vt

tslsus



Unit Exam III: Problem #z (Fall '16) Lot

A conducting frame of width 4 = 1.6m with a moving conducting rod is located in a uniform magnetic field
B = 3T directed out of the plane. The rod moves at constant velocity v = 0.4m/s toward the right. Its
instantaneous position is x(t) = ot. Find the magnetic flux ®5 through the frame and the induced emf £
around the frame at times t, = 2s, t3 = 3s, t; = 4s, and t5 = 5s. Write magnitudes only (in Sl units), no
directions. Is the induced current directed clockwise or counterclockwise?

Solution:

- @) = (1.6m)(0.8m)(3T) = 3.84Wb,
£@ = (0.4m/s)(3T)(1.6m) = 1.92V.

x(t) = vt
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Unit Exam III: Problem #z (Fall '16) Lot

A conducting frame of width 4 = 1.6m with a moving conducting rod is located in a uniform magnetic field
B = 3T directed out of the plane. The rod moves at constant velocity v = 0.4m/s toward the right. Its
instantaneous position is x(t) = ot. Find the magnetic flux ®5 through the frame and the induced emf £
around the frame at times t, = 2s, t3 = 3s, t; = 4s, and t5 = 5s. Write magnitudes only (in Sl units), no
directions. Is the induced current directed clockwise or counterclockwise?

Solution:

- @) = (1.6m)(0.8m)(3T) = 3.84Wb,
£@ = (0.4m/s)(3T)(1.6m) = 1.92V.

o) - @) = (1.6m)(1.2m)(3T) = 5.76Wb,
d 5 E®) = (0.4m/s)(3T)(1.6m) = 1.92V.

x(t) = vt
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Unit Exam III: Problem #z (Fall '16) Lot

A conducting frame of width 4 = 1.6m with a moving conducting rod is located in a uniform magnetic field
B = 3T directed out of the plane. The rod moves at constant velocity v = 0.4m/s toward the right. Its
instantaneous position is x(t) = ot. Find the magnetic flux ®5 through the frame and the induced emf £
around the frame at times t, = 2s, t3 = 3s, t; = 4s, and t5 = 5s. Write magnitudes only (in Sl units), no
directions. Is the induced current directed clockwise or counterclockwise?

Solution:

- @) = (1.6m)(0.8m)(3T) = 3.84Wb,
£@ = (0.4m/s)(3T)(1.6m) = 1.92V.

o) - @) = (1.6m)(1.2m)(3T) = 5.76Wb,

E®) = (0.4m/s)(3T)(1.6m) = 1.92V.
- @) = (1.6m)(1.6m)(3T) = 7.68Wb,
£W = (0.4m/s)(3T)(1.6m) = 1.92V.

x(t) = vt
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Unit Exam III: Problem #z (Fall '16) Lot

A conducting frame of width 4 = 1.6m with a moving conducting rod is located in a uniform magnetic field
B = 3T directed out of the plane. The rod moves at constant velocity v = 0.4m/s toward the right. Its
instantaneous position is x(t) = ot. Find the magnetic flux ®5 through the frame and the induced emf £
around the frame at times t, = 2s, t3 = 3s, t; = 4s, and t5 = 5s. Write magnitudes only (in Sl units), no
directions. Is the induced current directed clockwise or counterclockwise?

Solution:

- @) = (1.6m)(0.8m)(3T) = 3.84Wb,
£@ = (0.4m/s)(3T)(1.6m) = 1.92V.

5 - @) = (1.6m)(1.2m)(3T) = 5.76Wb,
; . EB) = (0.4m/s)(3T)(1.6m) = 1.92V.
- @) = (1.6m)(1.6m)(3T) = 7.68Wb,
I, EW = (0.4m/s)(3T)(1.6m) = 1.92V.
x(t) = vt

- &%) = (1.6m)(2.0m)(3T) = 9.60Wb,

£6) = (0.4m/s)(3T)(1.6m) = 1.92V.
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Unit Exam III: Problem #z (Fall '16) Lot

A conducting frame of width 4 = 1.6m with a moving conducting rod is located in a uniform magnetic field
B = 3T directed out of the plane. The rod moves at constant velocity v = 0.4m/s toward the right. Its
instantaneous position is x(t) = ot. Find the magnetic flux ®5 through the frame and the induced emf £
around the frame at times t, = 2s, t3 = 3s, t; = 4s, and t5 = 5s. Write magnitudes only (in Sl units), no
directions. Is the induced current directed clockwise or counterclockwise?

Solution:

- @) = (1.6m)(0.8m)(3T) = 3.84Wb,
£@ = (0.4m/s)(3T)(1.6m) = 1.92V.

5 - @) = (1.6m)(1.2m)(3T) = 5.76Wb,
; . EB) = (0.4m/s)(3T)(1.6m) = 1.92V.
- @) = (1.6m)(1.6m)(3T) = 7.68Wb,
I, EW = (0.4m/s)(3T)(1.6m) = 1.92V.
x(t) = vt

- &%) = (1.6m)(2.0m)(3T) = 9.60Wb,

£6) = (0.4m/s)(3T)(1.6m) = 1.92V.
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Unit Exam llI: Problem #1 (Spring '17) !mim.'

Consider two infinitely long, straight wires with currents I, = 6.9A, I, = 7.2A in the directions shown. Find
direction (in/out) and magnitude of the magnetic fields By, B, B3, By, at the points marked in the graph.

uf
B Y B,
LR ettt EEEEE °
| 5m 3m !
& &
| 1
' E g, b
. < < !
L 5m 3m
[ Lk CEE T o
By By
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Unit Exam llI: Problem #1 (Spring '17) !mim.'

Consider two infinitely long, straight wires with currents I, = 6.9A, I, = 7.2A in the directions shown. Find
direction (in/out) and magnitude of the magnetic fields By, B, B3, By, at the points marked in the graph.

_ I T
Solution: B, v B,
L R T TR °
+ Convention used: out = positive, in = negative 5m 3m
& &
| 1
' E g, b
. < < !
L 5m 3m
B T °B,
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Unit Exam llI: Problem #1 (Spring '17) !mim.'

Consider two infinitely long, straight wires with currents I, = 6.9A, I, = 7.2A in the directions shown. Find
direction (in/out) and magnitude of the magnetic fields By, B, B3, By, at the points marked in the graph.

Solution: B, Ly T B,
L R T TR °
+ Convention used: out = positive, in = negative 5m 3m
= =
69A 72A L N
Ho : : 77 (i | !
*Bij=—(——-———]=-084x10""T (in). ‘ w
1 27r<5m 4m> 0.84 X 1077 (in) 1 ;
| 1
' E g, b
. < < !
L 5m 3m
B T °B,
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Unit Exam llI: Problem #1 (Spring '17) !mim.'

Consider two infinitely long, straight wires with currents I, = 6.9A, I, = 7.2A in the directions shown. Find
direction (in/out) and magnitude of the magnetic fields By, B, B3, By, at the points marked in the graph.

Solution: B, Ly T B,
L R T TR °
+ Convention used: out = positive, in = negative 5m 3m
= =
69A 72A L N
Ho : : 77 (i | !
e B =20 (222 22 ) = 084 x1077T (in). ! ‘
1 27r<5m 4m> 0.84 X 1077 (in) 1 ;

: £ £ o

9A 72A . ) !
sy =10 _O9A _T2AN . go0x1077T (in). P il
27 3m 4m | 5m 3m |

B T °B,
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Unit Exam llI: Problem #1 (Spring '17) !mim.'

Consider two infinitely long, straight wires with currents I, = 6.9A, I, = 7.2A in the directions shown. Find
direction (in/out) and magnitude of the magnetic fields By, B, B3, By, at the points marked in the graph.

Solution: B, Ly T B,
R EEnEEEE] EEEEEE °
+ Convention used: out = positive, in = negative 5m 3m
= =
69A  72A , T N
. g = o (O2A TEAN 7T (i | !
B = o < 5m im ) 0.84 x 107T (in). : ;
: g £ o
9A 72A . ) !
cBy = MO (LOOA TR 600 % 1077T (in). |7 ¥
271 3m 4m l 5m 3m !
B T °B,
9A 72A
. By = o (694 =636 x107T (out).
27 \ 5m 4m
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Unit Exam llI: Problem #1 (Spring '17) !mim.'

Consider two infinitely long, straight wires with currents I, = 6.9A, I, = 7.2A in the directions shown. Find
direction (in/out) and magnitude of the magnetic fields By, B, B3, By, at the points marked in the graph.

Solution: B, Ly T B,
L R T TR °
+ Convention used: out = positive, in = negative 5m 3m
= =
69A 72A L N
Ho : : 77 (i | !
e By =20 (2722 TR 084 x1077T (in). ! \
1 27r<5m 4m> 0.84 X 1077 (in) 1 ;
: £ a3 In
A 72A . ) '
sy =10 <—g - —) = —820x107"T (in). P il
27 ' S5m 3m |
B T °B,
9A 72A
sy =10 (6 —) =636 x 10T (out).
21
- B, = ;‘; < 69A 72A> = —1.00 x 10~’T (in).
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Unit Exam llI: Problem #2 (Spring '17) YT

In a region of uniform magnetic field B = 4mTk [B = 5mTj] a clockwise current I = 1.4A [I = 1.5A] is flowing
through the conducting rectangular frame.

(i) Find the force F,, (magnitude and direction) acting on side dc of the rectangle. (ii) Find the force F,;
(magnitude and direction) acting on side ad of the rectangle.

(iii) Find the magnetic moment ji (magnitude and direction) of the current loop.

(iv) Find the torque 7 (magnitude and direction) acting on the current loop.
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Unit Exam llI: Problem #2 (Spring '17) !;Tmh'

In a region of uniform magnetic field B = 4mTk [B = 5mTj] a clockwise current I = 1.4A [I = 1.5A] is flowing
through the conducting rectangular frame.

(i) Find the force F,, (magnitude and direction) acting on side dc of the rectangle. (ii) Find the force F,;
(magnitude and direction) acting on side ad of the rectangle.

(iii) Find the magnetic moment ji (magnitude and direction) of the current loop.

(iv) Find the torque 7 (magnitude and direction) acting on the current loop.

Solution:
z [em]
(i) Fge = (1.4A)(4cmj) x (4mTk) = 2.24 x 10~Ni. K c
[Fs = (1.5A) (4em])  (5mTj) = 0.] b 4 |
2 a = b
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Unit Exam llI: Problem #2 (Spring '17) !;Tmh'

In a region of uniform magnetic field B = 4mTk [B = 5mTj] a clockwise current I = 1.4A [I = 1.5A] is flowing
through the conducting rectangular frame.

(i) Find the force F,, (magnitude and direction) acting on side dc of the rectangle. (ii) Find the force F,;
(magnitude and direction) acting on side ad of the rectangle.

(iii) Find the magnetic moment ji (magnitude and direction) of the current loop.

(iv) Find the torque 7 (magnitude and direction) acting on the current loop.

Solution: 2 fem]
(i) Fge = (1.4A)(4cmj) x (4mTk) = 2.24 x 10~Ni. K c
[F4 = (1.5A)(4cmj) x (5mTj) = 0.] 3 T o L
(ii) Fpy = (14A)(2cmk) x (4mTk) = 0. e

[F,y = (1.5A)(2cmk) x (5mTj) = —1.50 x 1074Ni.] !
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In a region of uniform magnetic field B = 4mTk [B = 5mTj] a clockwise current I = 1.4A [I = 1.5A] is flowing

through the conducting rectangular frame.

(i) Find the force F,, (magnitude and direction) acting on side dc of the rectangle. (ii) Find the force F,;

(magnitude and direction) acting on side ad of the rectangle.

(iii) Find the magnetic moment ji (magnitude and direction) of the current loop.

(iv) Find the torque 7 (magnitude and direction) acting on the current loop.

Solution:
(i) Fge = (1.4A)(4cmj) x (4mTk) = 2.24 x 10~Ni.
[Fi = (1.5A)(4cmj) x (5mTj) = 0.]
(i) Fpq = (1.4A)(2cmk) x (4mTk) = 0.
[Fy = (1.5A)(2cmk) x (5mTj) = —1.50 x 107*N{i.]

(iii) i = [~ (4cm)(2cm)i](1.4A) = —1.12 x 1073 Am?L.

[fi = [~ (4cm)(2cm)i](1.5A) = —1.20 x 10"3Am?1.]




Unit Exam llI: Problem #2 (Spring '17) !;Tmh'

In a region of uniform magnetic field B = 4mTk [B = 5mTj] a clockwise current I = 1.4A [I = 1.5A] is flowing
through the conducting rectangular frame.

(i) Find the force F,, (magnitude and direction) acting on side dc of the rectangle. (ii) Find the force F,;
(magnitude and direction) acting on side ad of the rectangle.

(iii) Find the magnetic moment ji (magnitude and direction) of the current loop.

(iv) Find the torque 7 (magnitude and direction) acting on the current loop.

Solution:
z [em]
(i) Fge = (1.4A)(4cmj) x (4mTk) = 2.24 x 10~Ni. K c

[Fs = (1.5A) (4em])  (5mTj) = 0.] b 4 |
(ii) Fpy = (14A)(2cmk) x (4mTk) = 0. e

[F,y = (1.5A)(2cmk) x (5mTj) = —1.50 x 1074Ni.] :

. LI B R — y [em]

(iii) i = [~ (4cm)(2cm)i](1.4A) = —1.12 x 1073 Am?L. 2 bz 3 405

fi = [—(4cm) (2cm)i](1.5A) = —1.20 x 103 Am?i] ’

—

X [em]
(iv) ¥ = (~1.12 x 1073Am?1) x (4mTk) = 4.48 x 10~ *Nmj.
tslss2 [Z = (=120 x 10~3Am*}) x (5mTj) = —6.00 x 10~*Nmk.]



Unit Exam llI: Problem #3 (Spring '17)

A conducting frame with a moving conducting rod is located in a uniform magnetic field directed out of the
plane as shown. The rod moves at constant velocity.

Find the magnetic flux ®p through the frame and the induced emf £ around the frame when the rod is
(a) at position x = 1m,

(b) at position x = 4m. _—lB;(BT

(c) at position x = 2m, ;

d) at iti =5m.

(d) at position x = 5m 4m v = 0.5m/s ® Izm

Write magnitudes only (in SI units), no directions.
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A conducting frame with a moving conducting rod is located in a uniform magnetic field directed out of the

plane as shown. The rod moves at constant velocity.

Find the magnetic flux ®p through the frame and the induced emf £ around the frame when the rod is

(a) at position x = 1m,
(b) at position x = 4m.
(c) at position x = 2m,
(d) at position x = 5m.
Write magnitudes only (in SI units), no directions.

Solution:

(@) @3 = (8 +6)m?(0.3T) = 42Wb, & = (0.5m/s)(0.3T)(4m) = 0.6V.

4m

_ B=03T
v=0.5m/s @ IZm

1=
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A conducting frame with a moving conducting rod is located in a uniform magnetic field directed out of the
plane as shown. The rod moves at constant velocity.

Find the magnetic flux ®p through the frame and the induced emf £ around the frame when the rod is
(a) at position x = 1m,

(b) at position x = 4m. _—lB;(BT

(c) at position x = 2m, ;

d) at iti =5m.

(d) at position x = 5m 4m v = 0.5m/s ® Izm

Write magnitudes only (in SI units), no directions.

Solution: x [m]

(@) @3 = (8 +6)m?(0.3T) = 42Wb, & = (0.5m/s)(0.3T)(4m) = 0.6V.

(b) ®p = (4m?)(0.3T) = 1.2Wb, & = (0.5m/s)(0.3T)(2m) = 0.3V.



Unit Exam llI: Problem #3 (Spring '17) hﬁhﬁ'

A conducting frame with a moving conducting rod is located in a uniform magnetic field directed out of the
plane as shown. The rod moves at constant velocity.

Find the magnetic flux ®p through the frame and the induced emf £ around the frame when the rod is
(a) at position x = 1m,

(b) at position x = 4m. _—|B;O3T

(c) at position x = 2m, ;

d) at iti =5m.

(d) at position x = 5m 4m v = 0.5m/s ® Izm

Write magnitudes only (in SI units), no directions.

Solution: x [m]

(@) @3 = (8 +6)m?(0.3T) = 42Wb, & = (0.5m/s)(0.3T)(4m) = 0.6V.
(b) ®p = (4m?)(0.3T) = 1.2Wb, & = (0.5m/s)(0.3T)(2m) = 0.3V.

(c) @5 = (4+6)m2(0.3T) = 3.0Wb, & = (0.5m/s)(0.3T)(4m) = 0.6V.
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A conducting frame with a moving conducting rod is located in a uniform magnetic field directed out of the
plane as shown. The rod moves at constant velocity.

Find the magnetic flux ®p through the frame and the induced emf £ around the frame when the rod is
(a) at position x = 1m,

(b) at position x = 4m. _—|B;O3T

(c) at position x = 2m, ;

d) at iti =5m.

(d) at position x = 5m 4m v = 0.5m/s ® Izm

Write magnitudes only (in SI units), no directions.

Solution: x [m]

(@) @3 = (8 +6)m?(0.3T) = 42Wb, & = (0.5m/s)(0.3T)(4m) = 0.6V.
(b) ®p = (4m?)(0.3T) = 1.2Wb, & = (0.5m/s)(0.3T)(2m) = 0.3V.
(c) @ = (4+6)m*(0.3T) = 3.0Wb, & = (0.5m/s)(0.3T)(4m) = 0.6V.

(d) @5 = (2m?)(0.3T) = 0.6Wb, & = (0.5m/s)(0.3T)(2m) = 0.3V.
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Unit Exam lil: Problem #1 (Fall "17) hmh'

Consider a region with uniform magnetic field B = 4Tj [B = 5Tk]. A conducting loop in the yz-plane has the
shape of a right-angled triangle as shown with a counterclockwise current I = 0.7A [I = 0.9A].

(a) Find the magnetic moment j (magnitude and direction) of the loop.

(b) Find the force E,;, (magnitude and direction) acting on the side ab of the loop.
(c) Find the force Ey,. (magnitude and direction) acting on the side bc of the loop.
(

d) Find the torque 7 (magnitude and direction) acting on the loop.

2m

2m
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Unit Exam lil: Problem #1 (Fall "17) hmh'

Consider a region with uniform magnetic field B = 4Tj [B = 5Tk]. A conducting loop in the yz-plane has the
shape of a right-angled triangle as shown with a counterclockwise current I = 0.7A [I = 0.9A].

(a) Find the magnetic moment j (magnitude and direction) of the loop.

(b) Find the force E,;, (magnitude and direction) acting on the side ab of the loop.
(c) Find the force Ey,. (magnitude and direction) acting on the side bc of the loop.
(

d) Find the torque 7 (magnitude and direction) acting on the loop.

Solution: z
(@) 7 = (0.7A)(2m?)i = 1.4Am? ¢ I
[ii = (0.9A)(2m?)i = 1.8Am?1] 8
b a

2m
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Unit Exam lil: Problem #1 (Fall "17) hmh'

Consider a region with uniform magnetic field B = 4Tj [B = 5Tk]. A conducting loop in the yz-plane has the
shape of a right-angled triangle as shown with a counterclockwise current I = 0.7A [I = 0.9A].

(a) Find the magnetic moment j (magnitude and direction) of the loop.

(b) Find the force E,;, (magnitude and direction) acting on the side ab of the loop.
(c) Find the force Ey,. (magnitude and direction) acting on the side bc of the loop.
(

d) Find the torque 7 (magnitude and direction) acting on the loop.

Solution: z

(@) 7 = (0.7A)(2m?)i = 1.4Am? ¢ I
[ji = (0.9A)(2m?)i = 1.8Am?] &

(b) Fip =0 [Fy = (09A)(2mj) x (5Tk) = 9.0N] b ooy 2
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Unit Exam lil: Problem #1 (Fall "17) hmh'

Consider a region with uniform magnetic field B = 4Tj [B = 5Tk]. A conducting loop in the yz-plane has the
shape of a right-angled triangle as shown with a counterclockwise current I = 0.7A [I = 0.9A].

(a) Find the magnetic moment j (magnitude and direction) of the loop.

(b) Find the force E,;, (magnitude and direction) acting on the side ab of the loop.
(c) Find the force Ey,. (magnitude and direction) acting on the side bc of the loop.
(

d) Find the torque 7 (magnitude and direction) acting on the loop.

Solution: z
(@) 7 = (0.7A)(2m?)i = 1.4Am? ¢ I
[ii = (0.9A)(2m?)i = 1.8Am?1] 8
(b) iy =0 [Ey = (0.9A)(2m)) x (5Tk) = 9.0N1] b L. a

() Epe = (0.7A)(—2mk) x (4T)) = 5.6Ni [Fy = 0]
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Unit Exam lil: Problem #1 (Fall "17) hmh'

Consider a region with uniform magnetic field B = 4Tj [B = 5Tk]. A conducting loop in the yz-plane has the
shape of a right-angled triangle as shown with a counterclockwise current I = 0.7A [I = 0.9A].

(a) Find the magnetic moment j (magnitude and direction) of the loop.

(b) Find the force E,;, (magnitude and direction) acting on the side ab of the loop.
(c) Find the force Ey,. (magnitude and direction) acting on the side bc of the loop.
(

d) Find the torque 7 (magnitude and direction) acting on the loop.

Solution: z
(@) 7 = (0.7A)(2m?)i = 1.4Am? ¢ I
[ii = (0.9A)(2m?)i = 1.8Am?1] 8
(b) iy =0 [Ey = (0.9A)(2m)) x (5Tk) = 9.0N1] b . a

() Epe = (0.7A)(—2mk) x (4T)) = 5.6Ni [Fy = 0]

(d) 7= (1.4Am?)) x (4T}) = 5.6Nmk
[Z = (1.8Am?7) x (5Tk) = —9.0Nmj]
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Unit Exam liI: Problem #2 (Fall '17) ﬁ

Consider two infinitely long, straight wires with currents I, = I, = 7A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, B, B3, By, Bs, B at the points marked in the
graph.

"

o
~
3m

os}
wn

w
[=2}

o]
3m

ov}
(3]

o]
(95}

3m 3m | 3m 3m —>

tsl561



Unit Exam liI: Problem #2 (Fall '17) ﬁ

Consider two infinitely long, straight wires with currents I, = I, = 7A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, B, B3, By, Bs, B at the points marked in the

graph.
Solution: I
"}
cB =10 A + AN +0.933uT (out of plane).
27 \3m 3m P
B, ¢ Bs [Bg
o
By ¢ B, |Bjs
o
3m 3m |3m 3m —>
Ia
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Unit Exam liI: Problem #2 (Fall '17) ﬁ

Consider two infinitely long, straight wires with currents I, = I, = 7A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, B, B3, By, Bs, B at the points marked in the

graph.
Solution: I
"
cB =10 <ﬁ + E) = 40.933uT (out of plane). N
27t \3m 3m
7A 7A - Bs | Ps
o
+ By = 5—2 (3—m — 3—m> = 0 (no direction).
Bi| ¢ B, |B;
o
3m 3m | 3m 3m —>
Ia
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Unit Exam Ill: Problem #2 (Fall '17) hmh'

Consider two infinitely long, straight wires with currents I, = I, = 7A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, B, B3, By, Bs, B at the points marked in the

graph.
Solution: I
7A  7A bT
cB =10 <— + —) = 40.933uT (out of plane).
27t \3m 3m >
7A 7A - Bs P
o
+ By = 5—2 (3—m — 3—m> = 0 (no direction).
Ho
* B3=1—(-———) =+40.233uT (out of plane).
3 27r<3m 6m) KT plane) m 3m [ dm dm =
a
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Unit Exam Ill: Problem #2 (Fall '17) hmh'

Consider two infinitely long, straight wires with currents I, = I, = 7A in the directions shown.
Find direction (in/out) and magnitude of the magnetic fields By, B, B3, By, Bs, B at the points marked in the
graph.

Solution:

"

cB =10 <ﬁ + E) = 40.933uT (out of plane).

27 \3m 3 >

Byl & Bs |Bg
7A 7A . . gl

+ By = 5—2 (3—m — 3—m> = 0 (no direction).

Ho
* B3=1—(-———) =+40.233uT (out of plane).
.= Mo (TATAN !

By = = (6m + m) = 0.7uT (out of plane).
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Consider two infinitely long, straight wires with currents I, = I, = 7A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, B, B3, By, Bs, B at the points marked in the

graph.

Solution:

gl

+ By Ho = 0 (no direction).

« By = Ho = 0.7uT (out of plane).

« Bs= 0 = —0.233uT (into plane).

= +0.933uT (out of plane).

"

(Gatm)
(5 am)
. By =10 <—A - ﬁ) = +0.233uT (out of plane).
(6" m)
(&n5m)

By ¢ Bs |Bg
o
Bl g B, |Bs
o
3m 3m | 3m 3m —>
Ia
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Consider two infinitely long, straight wires with currents I, = I, = 7A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, B, B3, By, Bs, B at the points marked in the

graph.

Solution:
* By = %OT <% + %) = +0.933uT (out of plane).
* By = %Or (;—2 - ;—ﬁ) = 0 (no direction).
* B3 = %OT <% - %) = +0.233uT (out of plane).
* By = VTOT (ZT[; + ;—ﬁ) = 0.7uT (out of plane).
* Bs = %OT <ZA - %) = —0.233uT (into plane).
* Be= ;470 (ZT[; - %) = 0 (no direction).

"

By ¢ Bs By
o
Bl g B, |Bs
o
3m 3m | 3m 3m —>
Ia




Unit Exam Ill: Problem #3 (Fall '17) hmh'

A conducting frame with a moving conducting rod is placed in a uniform magnetic field directed out of the
plane. The rod starts from rest at time t = 0 at the position shown and moves with constant acceleration to
the right.

(a) Find the magnetic flux ®p through the conducting loop and the induced emf € around the loop at t = 0.
(b) Find the position x(3s) and velocity v(3s) of the rod at time ¢ = 3s.

(c) Find the magnetic flux ®p through the loop and the induced emf £ around the loop at time t = 3s.
Write magnitudes only (in Sl units), no directions.

x(0) =4m
v(0)=0

a=2m/s?

—

4m
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A conducting frame with a moving conducting rod is placed in a uniform magnetic field directed out of the
plane. The rod starts from rest at time t = 0 at the position shown and moves with constant acceleration to

the right.

(a) Find the magnetic flux ®p through the conducting loop and the induced emf € around the loop at t = 0.

(b) Find the position x(3s) and velocity v(3s) of the rod at time ¢ = 3s.

(c) Find the magnetic flux ®p through the loop and the induced emf £ around the loop at time t = 3s.

Write magnitudes only (in Sl units), no directions.

4m

Solution:

(@) ®p = (16m?)(1.5T) = 24Wb, &£ =0.

x(0) =4m
v(0)=0

a=2m/s
—

2




Unit Exam Ill: Problem #3 (Fall '17) hmh'

A conducting frame with a moving conducting rod is placed in a uniform magnetic field directed out of the
plane. The rod starts from rest at time t = 0 at the position shown and moves with constant acceleration to
the right.

(a) Find the magnetic flux ®p through the conducting loop and the induced emf € around the loop at t = 0.
(b) Find the position x(3s) and velocity v(3s) of the rod at time ¢ = 3s.

(c) Find the magnetic flux ®p through the loop and the induced emf £ around the loop at time t = 3s.
Write magnitudes only (in Sl units), no directions.

x(0) =4m
v(0)=0

a=2m/s?

—

4m

Solution:

(@) ®p = (16m?)(1.5T) = 24Wb, &£ =0.
(b) x(2s) = 4m + %(Zm/sz)(Ss)2 =13m, v(3s) = (2m/s?)(3s) = 6m/s.
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Unit Exam Ill: Problem #3 (Fall '17) hmh'

A conducting frame with a moving conducting rod is placed in a uniform magnetic field directed out of the
plane. The rod starts from rest at time t = 0 at the position shown and moves with constant acceleration to
the right.

(a) Find the magnetic flux ®p through the conducting loop and the induced emf € around the loop at t = 0.
(b) Find the position x(3s) and velocity v(3s) of the rod at time ¢ = 3s.

(c) Find the magnetic flux ®p through the loop and the induced emf £ around the loop at time t = 3s.
Write magnitudes only (in Sl units), no directions.

x(0) =4m
v(0)=0

a=2m/s?

—

4m

Solution:

(@) ®p = (16m?)(1.5T) = 24Wb, &£ =0.
(b) x(2s) = 4m + %(Zm/sz)(Ss)2 =13m, v(3s) = (2m/s?)(3s) = 6m/s.
(c) ®p = (52m?)(1.5T) = 78Wb, & = (6m/s)(1.5T)(4m) = 36V.
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Unit Exam llI: Problem #1 (Spring '18)

In a uniform magnetic field of strength B = 3.5mT [ B = 5.3mT ], a proton with specifications
(m =1.67 x 107%kg, g = 1.60 x 10~1°C) moves at speed v around a circle in the yz-plane as shown.

(a) Show that the direction of the magnetic field must be +i
(b) What is the speed of the proton?

(c) How long does it take the proton to reach point A from its current position?

z [cm]
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Unit Exam llI: Problem #1 (Spring '18) hmh'

In a uniform magnetic field of strength B = 3.5mT [ B = 5.3mT ], a proton with specifications
(m =1.67 x 107%kg, g = 1.60 x 10~1°C) moves at speed v around a circle in the yz-plane as shown.

(a) Show that the direction of the magnetic field must be +i
(b) What is the speed of the proton?

(c) How long does it take the proton to reach point A from its current position?

z [cm]

Solution:

(a) Fj = quk x Bi.
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Unit Exam llI: Problem #1 (Spring '18)

In a uniform magnetic field of strength B = 3.5mT [ B = 5.3mT ], a proton with specifications

(m =1.67 x 107%kg, g = 1.60 x 10~1°C) moves at speed v around a circle in the yz-plane as shown.

(a) Show that the direction of the magnetic field must be +i

(b) What is the speed of the proton?

(c) How long does it take the proton to reach point A from its current position?
z [cm]

Solution: 5

(a) Fj = quk x Bi.

N

mu

(b) T:qUB = vqur

=671 x10°m/s [102 x10°m/s].
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Unit Exam llI: Problem #1 (Spring '18)

In a uniform magnetic field of strength B = 3.5mT [ B = 5.3mT ], a proton with specifications

(m =1.67 x 107%kg, g = 1.60 x 10~1°C) moves at speed v around a circle in the yz-plane as shown.

(a) Show that the direction of the magnetic field must be +i

(b) What is the speed of the proton?

(c) How long does it take the proton to reach point A from its current position?
z [cm]

Solution: 5

(a) Fj = quk x Bi.

B
(b) @ —qB = v= % =671 x10°m/s [102 x 10°m/s].

y [em]
©t= g - %” —937x10% [6.19 x 10 % ].
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Unit Exam llI: Problem #2a (Spring "18) ey

Consider two pairs of concentric circular currents in separate regions. The current directions are indicated by
arrows. The radii are r{ = r3 = 5cm and r, = r4, = 10cm

(a) Find magnitude By and direction (®, ®) of the magnetic field produced by current I; = 1.5A at the center.
(b) Find magnitude 4 and direction (®, ®) of the magnetic dipole moment produced by current Iy = 4.5A.
(c) What must be the ratio I, /I; such that the magnetic field at the center is zero?

(d) What must be the ratio I;/I3 such that the magnetic dipole moment is zero?

I

L

)
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Unit Exam llI: Problem #2a (Spring "18) ey

Consider two pairs of concentric circular currents in separate regions. The current directions are indicated by
arrows. The radii are r{ = r3 = 5cm and r, = r4, = 10cm

(a) Find magnitude By and direction (®, ®) of the magnetic field produced by current I; = 1.5A at the center.
(b) Find magnitude 4 and direction (®, ®) of the magnetic dipole moment produced by current Iy = 4.5A.
(c) What must be the ratio I, /I; such that the magnetic field at the center is zero?

(d) What must be the ratio I;/I3 such that the magnetic dipole moment is zero?

Solution: T2

1
=188 x107°T ® L

)

_ po(1.5A)

(a) By 2(5cm)
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Unit Exam llI: Problem #2a (Spring "18) ey

Consider two pairs of concentric circular currents in separate regions. The current directions are indicated by
arrows. The radii are r{ = r3 = 5cm and r, = r4, = 10cm

(a) Find magnitude By and direction (®, ®) of the magnetic field produced by current I; = 1.5A at the center.
(b) Find magnitude 4 and direction (®, ®) of the magnetic dipole moment produced by current Iy = 4.5A.
(c) What must be the ratio I, /I; such that the magnetic field at the center is zero?

(d) What must be the ratio I;/I3 such that the magnetic dipole moment is zero?

Solution: T2

1
=188 x107°T ® L

)

_ po(1.5A)

(a) By 2(5cm)

(b) pg = (10cm)?(4.5A) = 141 x 10" 'Am? ©

tsls70



Unit Exam llI: Problem #2a (Spring "18) ey

Consider two pairs of concentric circular currents in separate regions. The current directions are indicated by
arrows. The radii are r{ = r3 = 5cm and r, = r4, = 10cm

(a) Find magnitude By and direction (®, ®) of the magnetic field produced by current I; = 1.5A at the center.
(b) Find magnitude 4 and direction (®, ®) of the magnetic dipole moment produced by current Iy = 4.5A.
(c) What must be the ratio I, /I; such that the magnetic field at the center is zero?

(d) What must be the ratio I;/I3 such that the magnetic dipole moment is zero?

Solution: T2

1
=188 x107°T ® L

)

_ po(1.5A)

(a) By 2(5cm)

(b) pg = (10cm)?(4.5A) = 141 x 10" 'Am? ©

i
(€ B =B, = 2="2=2
L n
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Unit Exam llI: Problem #2a (Spring "18) ey

Consider two pairs of concentric circular currents in separate regions. The current directions are indicated by
arrows. The radii are r{ = r3 = 5cm and r, = r4, = 10cm

(a) Find magnitude By and direction (®, ®) of the magnetic field produced by current I; = 1.5A at the center.
(b) Find magnitude 4 and direction (®, ®) of the magnetic dipole moment produced by current Iy = 4.5A.
(c) What must be the ratio I, /I; such that the magnetic field at the center is zero?

(d) What must be the ratio I;/I3 such that the magnetic dipole moment is zero?

Solution: T2

L

= 05A) g eg105T o =

(@) B 2(5¢cm)
)
(b) pg = (10cm)?(4.5A) = 141 x 10" 'Am? ©

I
() B =B, = 2=12_»
L n
14 r%
d = = = —= =0.25.
(d) H3 = Ha I ri

tsls70



Unit Exam IlI: Problem #2b (Spring "18) ey

Consider two pairs of concentric circular currents in separate regions. The current directions are indicated by
arrows. The radii are r{ = r3 = 5cm and r, = r4, = 10cm

(a) Find magnitude B, and direction (®, ®) of the magnetic field produced by current I = 2.5A at the center.
(b) Find magnitude u3 and direction (®, ®) of the magnetic dipole moment produced by current I; = 3A.

(c) What must be the ratio I, /I; such that the magnetic field at the center is zero?

(d) What must be the ratio I;/I3 such that the magnetic dipole moment is zero?

tsl572



Unit Exam IlI: Problem #2b (Spring "18) ey

Consider two pairs of concentric circular currents in separate regions. The current directions are indicated by
arrows. The radii are r{ = r3 = 5cm and r, = r4, = 10cm

(a) Find magnitude B, and direction (®, ®) of the magnetic field produced by current I = 2.5A at the center.
(b) Find magnitude u3 and direction (®, ®) of the magnetic dipole moment produced by current I; = 3A.

(c) What must be the ratio I, /I; such that the magnetic field at the center is zero?

(d) What must be the ratio I;/I3 such that the magnetic dipole moment is zero?

Solution:

_ Ho(25A) _5
(@ By = 72(10011) =157x107°T ©

tsl572



Unit Exam IlI: Problem #2b (Spring "18) ey

Consider two pairs of concentric circular currents in separate regions. The current directions are indicated by
arrows. The radii are r{ = r3 = 5cm and r, = r4, = 10cm

(a) Find magnitude B, and direction (®, ®) of the magnetic field produced by current I = 2.5A at the center.
(b) Find magnitude u3 and direction (®, ®) of the magnetic dipole moment produced by current I; = 3A.

(c) What must be the ratio I, /I; such that the magnetic field at the center is zero?

(d) What must be the ratio I;/I3 such that the magnetic dipole moment is zero?

Solution:

_ Ho(25A) _5
(@ By = 72(10cm) =157x107°T ©

(b) p3 = m(5em)?(3A) = 2.36 x 10 2Am? ®

tsl572



Unit Exam IlI: Problem #2b (Spring "18) ey

Consider two pairs of concentric circular currents in separate regions. The current directions are indicated by
arrows. The radii are r{ = r3 = 5cm and r, = r4, = 10cm

(a) Find magnitude B, and direction (®, ®) of the magnetic field produced by current I = 2.5A at the center.
(b) Find magnitude u3 and direction (®, ®) of the magnetic dipole moment produced by current I; = 3A.

(c) What must be the ratio I, /I; such that the magnetic field at the center is zero?

(d) What must be the ratio I;/I3 such that the magnetic dipole moment is zero?

Solution:

_ Ho(25A) _5
(@ By = 72(10cm) =157x107°T ©

(b) p3 = m(5em)?(3A) = 2.36 x 10 2Am? ®

i
(€ Bi=B, = 2=12=2
L n

tsl572



Unit Exam llI: Problem #2b (Spring '18)

tsl572

Consider two pairs of concentric circular currents in separate regions. The current directions are indicated by

arrows. The radii are r{ = r3 = 5cm and r, = r4, = 10cm

(a) Find magnitude B, and direction (®, ®) of the magnetic field produced by current I = 2.5A at the center.
(b) Find magnitude u3 and direction (®, ®) of the magnetic dipole moment produced by current I; = 3A.

(c) What must be the ratio I, /I; such that the magnetic field at the center is zero?
(d) What must be the ratio I;/I3 such that the magnetic dipole moment is zero?

Solution:

(@) B =

(b) p3 = m(5em)?(3A) = 2.36 x 10 2Am? ®

(c) By =B,

(d) ps =y

Ho(25A)

2(10cm)

=

=

b
I

Iy

I3

2
"

3
2
1

=157x107°T




Unit Exam llI: Problem #3 (Spring '18) ﬂ-:"‘i"'ﬁ

A pair of fixed rails are connected by two moving rods. A uniform magnetic field B is present. The positions of
the rods at time t = 0 are as shown. The (constant) velocities are
v =0.5m/s, v, =25m/s [v; =15m/s, v, =05m/s].

(a) Find the magnetic flux & at time t = 0 and &4 at t = 2s (magnitude only).
(b) Find the induced emf & at time t = 0 and &; att = 2s (magnitude only).
(c) Find the direction (cw/ccw) of the induced current at t = 0.

v vy

3m

T T X [m]
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Unit Exam llI: Problem #3 (Spring '18) ﬂ-:"‘i"'ﬁ

A pair of fixed rails are connected by two moving rods. A uniform magnetic field B is present. The positions of
the rods at time t = 0 are as shown. The (constant) velocities are
v =0.5m/s, v, =25m/s [v; =15m/s, v, =05m/s].

(a) Find the magnetic flux & at time t = 0 and &4 at t = 2s (magnitude only).
(b) Find the induced emf & at time t = 0 and &; att = 2s (magnitude only).
(c) Find the direction (cw/ccw) of the induced current at t = 0.

v, v,
—— ——
3m ®
B=0.8T
T T x [m]
0 5

Solution:
(a) ®5 = (5m — 0m)(3m)(0.8T) = 12Wb, ®; = (10m — 1m)(3m)(0.8T) = 21.6Wb
[ @ = (5m — 0m)(3m)(0.8T) = 12Wb, ®; = (6m — 3m)(3m)(0.8T) = 7.2Wb |
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Unit Exam llI: Problem #3 (Spring '18) ﬂ-:"‘i"'ﬁ

A pair of fixed rails are connected by two moving rods. A uniform magnetic field B is present. The positions of
the rods at time t = 0 are as shown. The (constant) velocities are
v =0.5m/s, v, =25m/s [v; =15m/s, v, =05m/s].

(a) Find the magnetic flux & at time t = 0 and &4 at t = 2s (magnitude only).
(b) Find the induced emf & at time t = 0 and &; att = 2s (magnitude only).
(c) Find the direction (cw/ccw) of the induced current at t = 0.

vy \P)
—— ——
3m ®
B=0.8T
T T x [m]
0 5

Solution:
(@) @y = (5m — 0m)(3m)(0.8T) = 12Wb, ®; = (10m — 1m)(3m)(0.8T) = 21.6Wb
[®) = (5m — 0m)(3m)(0.8T) = 12Wb, ®; = (6m — 3m)(3m)(0.8T) = 7.2Wh ]

(b) |&0| = |&1] = (2.5m/s — 0.5m/s)(0.8T)(3m) = 4.8V
[1&] = |&1| = (1.5m/s — 0.5m/s)(0.8T)(3m) = 2.4V |

tsls571



Unit Exam llI: Problem #3 (Spring '18) ﬂ-:"‘i"'ﬁ

A pair of fixed rails are connected by two moving rods. A uniform magnetic field B is present. The positions of
the rods at time t = 0 are as shown. The (constant) velocities are
v =0.5m/s, v, =25m/s [v; =15m/s, v, =05m/s].

(a) Find the magnetic flux & at time t = 0 and &4 at t = 2s (magnitude only).
(b) Find the induced emf & at time t = 0 and &; att = 2s (magnitude only).
(c) Find the direction (cw/ccw) of the induced current at t = 0.

vy \P)
—— ——
3m ®
B=0.8T
T T x [m]
0 5

Solution:
(a) ¢ = (5m — 0m)(3m)(0.8T) = 12Wb, ®; = (10m — 1m)(3m)(0.8T) = 21.6Wb
[ @) = (5m — 0m)(3m)(0.8T) = 12Wb, ®; = (6m — 3m)(3m)(0.8T) = 7.2Wh |
(b) |&] = |&1] = (25m/s — 0.5m/s)(0.8T)(3m) = 4.8V
[1&] = |&1| = (1.5m/s — 0.5m/s)(0.8T) (3m) = 2.4V ]

(c) ccw [cw]
tsl571



Unit Exam lIl: Problem #1 (Fall "18) hmh'

A proton (m = 1.67 x 10~%kg, g = 1.60 x 1071°C), launched with initial speed vy = 4000m/s [3000m/s] a
distance d; = 25cm [32cm] from a region of magnetic field, exits that region after a half-circle turn of diameter
dy = 30cm [35cm].

(a) Find the centripetal force F provided by the magnetic field.

(b) Find magnitude and direction (®, ®) of the magnetic field B.

(c) Find the time t; elapsed between launch and entrance into the region of field.

(d) Find the time t, elapsed between entrance and exit.
B
o
™| dy
| S
1 _—=
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Unit Exam lIl: Problem #1 (Fall "18) hmh'

A proton (m = 1.67 x 10~%kg, g = 1.60 x 1071°C), launched with initial speed vy = 4000m/s [3000m/s] a
distance d; = 25cm [32cm] from a region of magnetic field, exits that region after a half-circle turn of diameter
dy = 30cm [35cm].

(a) Find the centripetal force F provided by the magnetic field.

)
(b) Find magnitude and direction (®, ®) of the magnetic field B.
(c)
(d)

d) Find the time t, elapsed between entrance and exit.

Find the time t; elapsed between launch and entrance into the region of field.

Solution:
2
mvo

dy/2

(a) =178 x 107N [8.59 x 1072N].

tsls79



Unit Exam lIl: Problem #1 (Fall "18) hmh'

A proton (m = 1.67 x 10~%kg, g = 1.60 x 1071°C), launched with initial speed vy = 4000m/s [3000m/s] a
distance d; = 25cm [32cm] from a region of magnetic field, exits that region after a half-circle turn of diameter
dy = 30cm [35cm].

(a) Find the centripetal force F provided by the magnetic field.

)
(b) Find magnitude and direction (®, ®) of the magnetic field B.
(c)
(d)

d) Find the time t, elapsed between entrance and exit.

Find the time t; elapsed between launch and entrance into the region of field.

Solution:
2
mvo

dy/2

(a) =178 x 107N [8.59 x 1072N].

(b) B= q% =278x107T [1.79x107*T] © r
0 l
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Unit Exam lIl: Problem #1 (Fall "18) hmh'

A proton (m = 1.67 x 10~%kg, g = 1.60 x 1071°C), launched with initial speed vy = 4000m/s [3000m/s] a
distance d; = 25cm [32cm] from a region of magnetic field, exits that region after a half-circle turn of diameter
dy = 30cm [35cm].

(a) Find the centripetal force F provided by the magnetic field.
(b) Find magnitude and direction (®, ®) of the magnetic field B.
(c) Find the time t; elapsed between launch and entrance into the region of field.
(d) Find the time t, elapsed between entrance and exit.
Solution: o i
B
mug -19 —20 1 —
(a) =178 x 107N [8.59 x 1072N]. ! o
dy/2 | \
(b) B= L —278 x 10T [1.79 x 107*T] © N
qo0 : i d2
© t = ZJ =625%107% [1.07 x 1074s].
0 : | O
1 _—=
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Unit Exam lIl: Problem #1 (Fall "18) hmh'

A proton (m = 1.67 x 10~%kg, g = 1.60 x 1071°C), launched with initial speed vy = 4000m/s [3000m/s] a
distance d; = 25cm [32cm] from a region of magnetic field, exits that region after a half-circle turn of diameter
dy = 30cm [35cm].

(a) Find the centripetal force F provided by the magnetic field.
b) Find magnitude and direction (®, ®) of the magnetic field B.

(
(c
(

21)0

) Find the time t; elapsed between launch and entrance into the region of field.
d) Find the time t, elapsed between entrance and exit.
Solution: ‘ 77777777 i
. B
mug -19 —20 1 —
(a) =178 x 107N [8.59 x 1072°N]. ! o
dy/2 | \
(b) B= L =278 x 10T [179x 10T © IS
qo0 : i d2
()t = ZJ =625x10"% [1.07 x 10™%s].
0 : ! ()
1 _—=
(d) t, = T2 118 % 10 % [1.83 x 107%s]. ! ; d

tsls79



Unit Exam Ili: Problem #2 (Fall 18) hmh'

A wire in the shape of a cylindrical shell with a 2mm inner radius and 4mm outer radius carries a current

I =3.7A [4.1A] that is uniformly distributed over its cross section and directed into the plane. Find direction
(left/right/up/down/in/out) and magnitude of the magnetic fields By, By, B. [By, B., Bf] at the positions
indicated.

y [mm]

tsl580



Unit Exam llI: Problem #2 (Fall 18)

tsl580

A wire in the shape of a cylindrical shell with a 2mm inner radius and 4mm outer radius carries a current
I =3.7A [4.1A] that is uniformly distributed over its cross section and directed into the plane. Find direction
(left/right/up/down/in/out) and magnitude of the magnetic fields By, By, B. [By, B., Bf] at the positions

indicated.

y [mm]

Solution:

*B,=0




Unit Exam Ili: Problem #2 (Fall 18) hmh'

A wire in the shape of a cylindrical shell with a 2mm inner radius and 4mm outer radius carries a current

I =3.7A [4.1A] that is uniformly distributed over its cross section and directed into the plane. Find direction
(left/right/up/down/in/out) and magnitude of the magnetic fields By, By, B. [By, B., Bf] at the positions
indicated.

y [mm]

Solution:

*B,=0

+ (Bp)(27)(4mm) = po(3.7A)
= B, =1.85x107*T (right)

tsl580



Unit Exam IlI: Problem #2 (Fall '18)

tsl580

A wire in the shape of a cylindrical shell with a 2mm inner radius and 4mm outer radius carries a current

I =3.7A [4.1A] that is uniformly distributed over its cross section and directed into the plane. Find direction

(left/right/up/down/in/out) and magnitude of the magnetic fields By, By, B. [By, B., Bf] at the positions

indicated.

Solution:

- B, =0

* (By)(2m)(4mm) = po(3.7A)
= B, =1.85x107*T (right)

* (Bc)(27)(5mm) = puo(3.7A)
= B. =148 x107*T (right)

y [mm]




Unit Exam IlI: Problem #2 (Fall '18)

tsl580

A wire in the shape of a cylindrical shell with a 2mm inner radius and 4mm outer radius carries a current

I =3.7A [4.1A] that is uniformly distributed over its cross section and directed into the plane. Find direction

(left/right/up/down/in/out) and magnitude of the magnetic fields By, By, B. [By, B., Bf] at the positions

indicated.

Solution:
* B, =0

+ (Bp)(27)(4mm) = po(3.7A)
= B, =1.85x107*T (right)

* (Bc)(27)(5mm) = puo(3.7A)
= B. =148 x107*T (right)

* [Ba=0]

y [mm]




Unit Exam IlI: Problem #2 (Fall '18)

tsl580

A wire in the shape of a cylindrical shell with a 2mm inner radius and 4mm outer radius carries a current

I =3.7A [4.1A] that is uniformly distributed over its cross section and directed into the plane. Find direction

(left/right/up/down/in/out) and magnitude of the magnetic fields By, By, B. [By, B., Bf] at the positions

indicated.

Solution:
* B, =0

+ (Bp)(27)(4mm) = po(3.7A)
= B, =1.85x107*T (right)

* (Bc)(27)(5mm) = puo(3.7A)
= B. =148 x107*T (right)

* [Ba=0]

* [(Be)(27r) (4mm) = po(4.1A)

= B, =205x107*T (down)]

y [mm]



Unit Exam Ili: Problem #2 (Fall 18) hmh'

A wire in the shape of a cylindrical shell with a 2mm inner radius and 4mm outer radius carries a current

I =3.7A [4.1A] that is uniformly distributed over its cross section and directed into the plane. Find direction
(left/right/up/down/in/out) and magnitude of the magnetic fields By, By, B. [By, B., Bf] at the positions
indicated.

y [mm]

Solution:
+B,=0
* (By)(2m)(4mm) = po(3.7A)
= B, =1.85x107*T (right)
* (Bc)(27)(5mm) = puo(3.7A)
= B. =148 x107*T (right)

* [Ba=0]
+ [(Be)(27)(4mm) = p(4.1A) = B, =2.05x107*T (down)]
« [(Bf)(27m)(6mm) = pg(4.1A) = By =137 x 10 *T (down)]

tsl580



Unit Exam llI: Problem #3 (Fall 18)

tsl581

Two very long straight wires and a circular wire positioned in the xy-plane carry electric currents

I = I = I = 1.3A[1.7A] in the directions shown.

(a) Calculate magnitude (By, By, By) and direction (left/right/up/down/in/out) of the magnetic field produced

by each current at the origin of the coordinate system.

(b) Calculate magnitude u and direction (left/right/up/down/in/out) of the magnetic dipole moment

produced by the circular current.

y [em]

V4

Fa

2




Unit Exam lIi: Problem #3 (Fall 18) YT

Two very long straight wires and a circular wire positioned in the xy-plane carry electric currents
I = I = I = 1.3A[1.7A] in the directions shown.

(a) Calculate magnitude (By, By, By) and direction (left/right/up/down/in/out) of the magnetic field produced
by each current at the origin of the coordinate system.

(b) Calculate magnitude u and direction (left/right/up/down/in/out) of the magnetic dipole moment
produced by the circular current.

y [cm]
Solution: 1 e
3
(@) By = o) oot [85uT). (in) 7 H B
27(4cm) . N S et x[em]
B, = % =7.35uT [9.621T] (out) o \_2 o ;]2 ? °
By = 10B) _orour 35641 (in) L2 [

2(3cm)

tsl581



Unit Exam lIi: Problem #3 (Fall 18) YT

Two very long straight wires and a circular wire positioned in the xy-plane carry electric currents
I = I = I = 1.3A[1.7A] in the directions shown.

(a) Calculate magnitude (By, By, By) and direction (left/right/up/down/in/out) of the magnetic field produced
by each current at the origin of the coordinate system.

(b) Calculate magnitude u and direction (left/right/up/down/in/out) of the magnetic dipole moment
produced by the circular current.

y [em]
Solution: e
(1) 13/7 -2 ¢ I,
(a) Bl B m B 65”T [SSHT] (m) LI S e e — | l\ ——— X [cm]
wo(L2) -6-5 2-1 012 5
By = —————— =735uT [9.62uT out,
27 27(5em/V2) Wt ez {out) N 2
o HO(I?)) _ H 12 i,4
B = 3 ey = 2720T 336] (in)

(b) = 7(3cm)?(I3) = 3.68 x 10 3Am? [4.81 x 10 °Am?] (in) :

tsl581



Unit Exam llI: Problem #1 (Spring '19) !;Tmh'

Ei 00 | 5868
This circuit is in a steady state with the switch open and the capacitor discharged.
(a) Find the currents I; and I, while the switch is still open.
(b) Find the currents I; and I, right after the switch has been closed.

(c) Find the currents I; and I, a long time later. 1Q 1Q

(d) Find the voltage V across the capacitor, also a long time later. L l ; i M
2

tsl588



Unit Exam llI: Problem #1 (Spring '19) !;Tmh'

Ei 00 | 5868
This circuit is in a steady state with the switch open and the capacitor discharged.
(a) Find the currents I; and I, while the switch is still open.

(b) Find the currents I; and I, right after the switch has been closed.

(c) Find the currents I; and I, a long time later. 1Q 1Q
(d) Find the voltage V across the capacitor, also a long time later. L l I i M
2
3nF 24V
Solution: 75 2Q
24V
(@ L=0 b 6A

“10r20+10 % 10 10

tsl588



Unit Exam llI: Problem #1 (Spring '19) !;Tmh'

Ei 00 | 5868
This circuit is in a steady state with the switch open and the capacitor discharged.
(a) Find the currents I; and I, while the switch is still open.

(b) Find the currents I; and I, right after the switch has been closed.

(c) Find the currents I; and I, a long time later. 1Q 1Q
(d) Find the voltage V across the capacitor, also a long time later. L l ; i M
2
3nF 24V
Solution: 75 2Q
24V
@h=0 L=35"56710 = 10 10
(b) Ry =102+ L + _ o +1Q =30 (capacitor discharged)
“ 20 10+10
:>11+12:ﬂ=8A, I =1, =4A.

30

tsl588



Unit Exam llI: Problem #1 (Spring '19) !;Tmh'

Ei 00 | 5868
This circuit is in a steady state with the switch open and the capacitor discharged.
(a) Find the currents I; and I, while the switch is still open.

(b) Find the currents I; and I, right after the switch has been closed.

(c) Find the currents I; and I, a long time later. 1Q 1Q
(d) Find the voltage V across the capacitor, also a long time later. L l ; i M
2
3nF 24V
Solution: 75 2Q
24V
@ h=0 hL=qy557q =0 10 10
(b) Ry =102+ L + _ o +1Q =30 (capacitor discharged)
“ 20 10+10
24V
= h+h=155 =84 h=h=4A
24V

(c) capacitor fully charged: I, =0, I 6A.

T101r20+10

tsl588



Unit Exam llI: Problem #1 (Spring '19) !;Tmh'

Ei 00 | 5868
This circuit is in a steady state with the switch open and the capacitor discharged.
(a) Find the currents I; and I, while the switch is still open.

(b) Find the currents I; and I, right after the switch has been closed.

(c) Find the currents I; and I, a long time later. 1Q 1Q
(d) Find the voltage V across the capacitor, also a long time later. L l I i M
2
3nF 24V
Solution: 75 2Q
24V
@h=0 L=i5 6710 10 1Q
(b) Ry =102+ L + _ o +1Q =30 (capacitor discharged)
1 20 10+1Q
24V
= h+h=35 =8A Ni=h=4A
. 24V

(c) capacitor fully charged:; =0, I, = aT205ia - 6A.

(d) loop rule: (2Q)(6A) — (1Q)(0A) —V — (1Q)(0A) =0 = V =12V.

tsl588



Unit Exam llI: Problem #2 (Spring "19) hﬁhﬁ'

Consider a region with uniform magnetic field B = 3Tj + 5Tk. A conducting loop positioned in the yz-plane
has the shape of a right-angled triangle and carries a clockwise current I = 2A.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force E,;, (magnitude and direction) acting on side ab.
(c) Find the force Ey. (magnitude and direction) acting on side be.

(d) Find the torque 7 (magnitude and direction) acting on the loop.

2m

tsl589



Unit Exam llI: Problem #2 (Spring "19) M

Consider a region with uniform magnetic field B = 3Tj + 5Tk. A conducting loop positioned in the yz-plane
has the shape of a right-angled triangle and carries a clockwise current I = 2A.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force E,;, (magnitude and direction) acting on side ab.
(c) Find the force Ey. (magnitude and direction) acting on side be.

(d) Find the torque 7 (magnitude and direction) acting on the loop.

Solution:
2m

(@) ji = —(2A)(4m?)i = —8Am?i.

tsl589



Unit Exam llI: Problem #2 (Spring "19)

tsl589

Consider a region with uniform magnetic field B = 3Tj + 5Tk. A conducting loop positioned in the yz-plane

has the shape of a right-angled triangle and carries a clockwise current I = 2A.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force E,;, (magnitude and direction) acting on side ab.
(c) Find the force Ey. (magnitude and direction) acting on side be.

(d) Find the torque 7 (magnitude and direction) acting on the loop.

Solution:
@) = —(2A)(4m?)i = —8Am2i.

(b) Fp = (2A)(2mj) x [3Tj + 5Tk] = 20Ni.

2m

wy
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Consider a region with uniform magnetic field B = 3Tj + 5Tk. A conducting loop positioned in the yz-plane

has the shape of a right-angled triangle and carries a clockwise current I = 2A.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force E,;, (magnitude and direction) acting on side ab.
(c) Find the force Ey. (magnitude and direction) acting on side be.

(d) Find the torque 7 (magnitude and direction) acting on the loop.

Solution:
@) = —(2A)(4m?)i = —8Am2i.
(b) Fp = (2A)(2mj) x [3Tj + 5Tk] = 20Ni.

(¢) Fype = (2A)(—4mk) x [3Tj + 5Tk] = 24Ni.
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Unit Exam llI: Problem #2 (Spring "19) M

Consider a region with uniform magnetic field B = 3Tj + 5Tk. A conducting loop positioned in the yz-plane
has the shape of a right-angled triangle and carries a clockwise current I = 2A.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force E,;, (magnitude and direction) acting on side ab.
(c) Find the force Ey. (magnitude and direction) acting on side be.

(d) Find the torque 7 (magnitude and direction) acting on the loop.

. Z
Solution:
a o b
@) = —(2A)(4m?)i = —8Am2i.
(b) Fp = (2A)(2mj) x [3Tj + 5Tk] = 20Ni. | &
(¢) Fype = (2A)(—4mk) x [3Tj + 5Tk] = 24Ni.
(d) T = (—8Am?*) x [3Tj + 5Tk] = —24Nmk + 40Nmj c y
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Unit Exam llI: Problem #3 (Spring "19)

Consider two infinitely long, straight wires with currents I, = 3A, I, = 3A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, By, B3, By, at the points marked in the graph.

B4 ¢IV Bl
L ahttt EEEE LR °
! g 1
h (o} 1
3 2m 2m i
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Consider two infinitely long, straight wires with currents I, = 3A, I, = 3A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, By, B3, By, at the points marked in the graph.
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Consider two infinitely long, straight wires with currents I, = 3A, I, = 3A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, By, B3, By, at the points marked in the graph.
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Consider two infinitely long, straight wires with currents I, = 3A, I, = 3A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields By, By, B3, By, at the points marked in the graph.
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Consider long, straight currents,
(a) L =1, =12A, I, =13 =0,
(b)), =I3=12A, I = I, = 0,

perpendicular to the xy-plane and directed out of that plane. Find the magnetic field in the form B = B,i + By]’
generated at the origin of the coordinate system.

Use the value po/2m =2 x 1077 Tm/A.

3m

—@ 4m 6m @—x
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Consider long, straight currents,
(a) L =1, =12A, I, =13 =0,
(b)), =I3=12A, I = I, = 0,

perpendicular to the xy-plane and directed out of that plane. Find the magnetic field in the form B = B,i + By]’
generated at the origin of the coordinate system.

Use the value po/2m =2 x 1077 Tm/A. y
I3
£
« 6m
e o
L “ | I,
4
Solution:
12A 12A
(@) By = — 10128 _ 1y q9-7r, g, — BOUZA) _ ( grp,
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Consider long, straight currents,
(a) L =1, =12A, I, =13 =0,
(b)), =I3=12A, I = I, = 0,

perpendicular to the xy-plane and directed out of that plane. Find the magnetic field in the form B = B,i + By]’
generated at the origin of the coordinate system.

Use the value po/2m =2 x 1077 Tm/A. y
I
&
4 6m
@ @
I S I
1 2
I
4
Solution:
(@) By =— ’;‘jf(lfﬁ)) =-12x107T, B, = ’;‘;T((ljﬁ)) =6x107T.
_ po(12A) _7 _ _po(12A) _7
(b) By = 27 (3m) 8x107'T, B, = 2r(6m) — 4x107"T.



Unit Exam Ili: Problem #2 (Fall "19) hmh'

Tuuu g v Es
A counterclockwise current I = 3A [I = 2A] is flowing through the conducting rectangular frame positioned in

the xy-plane. A uniform magnetic field B = 2Tj [B = 4Ti] is present.

(a) Find the force F,, (magnitude and direction) acting on side ab of the rectangle.

(b) Find the force F,, (magnitude and direction) acting on side bc of the rectangle.

(c) Find the magnetic moment # (magnitude and direction) of the current loop. y

(d) Find the torque T (magnitude and direction) acting on the current loop.
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Tuuu g v Es
A counterclockwise current I = 3A [I = 2A] is flowing through the conducting rectangular frame positioned in

the xy-plane. A uniform magnetic field B = 2Tj [B = 4Ti] is present.

(a) Find the force F,, (magnitude and direction) acting on side ab of the rectangle.

(b) Find the force F,, (magnitude and direction) acting on side bc of the rectangle.

(c) Find the magnetic moment # (magnitude and direction) of the current loop. y

(d) Find the torque T (magnitude and direction) acting on the current loop.

Solution:

(@) Ey = (3A)(2mi) x (2Tj) = 12Nk  [Fup = (2A)(2mi) x (4Ti) = 0].
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A counterclockwise current I = 3A [I = 2A] is flowing through the conducting rectangular frame positioned in

the xy-plane. A uniform magnetic field B = 2Tj [B = 4Ti] is present.

(a) Find the force F,, (magnitude and direction) acting on side ab of the rectangle.

(b) Find the force F,, (magnitude and direction) acting on side bc of the rectangle.

(c) Find the magnetic moment # (magnitude and direction) of the current loop. y

(d) Find the torque T (magnitude and direction) acting on the current loop.

Solution:

(@) Ey = (3A)(2mi) x (2Tj) = 12Nk  [Fup = (2A)(2mi) x (4Ti) = 0].

(b) Fpe = (BA)(3mj) x (2T)) =0  [Fy = (2A)(3mj) x (4Ti) = —24NK].
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Tuuu g v Es
A counterclockwise current I = 3A [I = 2A] is flowing through the conducting rectangular frame positioned in

the xy-plane. A uniform magnetic field B = 2Tj [B = 4Ti] is present.

(a) Find the force F,, (magnitude and direction) acting on side ab of the rectangle.

(b) Find the force F,, (magnitude and direction) acting on side bc of the rectangle.

(c) Find the magnetic moment # (magnitude and direction) of the current loop. y

(d) Find the torque T (magnitude and direction) acting on the current loop.

Solution:

(@) Ey = (3A)(2mi) x (2Tj) = 12Nk  [Fup = (2A)(2mi) x (4Ti) = 0].

(b) Fpe = (BA)(3mj) x (2T)) =0  [Fy = (2A)(3mj) x (4Ti) = —24NK].

(c) 7 =[2m)(3m)k](3A) = 18Am%*k  [ji = [(2m)(3m)K](2A) = 12Am2K].
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Tuuu g v Es
A counterclockwise current I = 3A [I = 2A] is flowing through the conducting rectangular frame positioned in

the xy-plane. A uniform magnetic field B = 2Tj [B = 4Ti] is present.

(a) Find the force F,, (magnitude and direction) acting on side ab of the rectangle.

(b) Find the force F,, (magnitude and direction) acting on side bc of the rectangle.

(c) Find the magnetic moment # (magnitude and direction) of the current loop. y

(d) Find the torque T (magnitude and direction) acting on the current loop.

Solution:

(@) Ey = (3A)(2mi) x (2Tj) = 12Nk  [Fup = (2A)(2mi) x (4Ti) = 0].

(b) Fpe = (BA)(3mj) x (2T)) =0  [Fy = (2A)(3mj) x (4Ti) = —24NK].
(c) 7 =[2m)(3m)k](3A) = 18Am%*k  [ji = [(2m)(3m)K](2A) = 12Am2K].
(d) 7= (18Am%k) x (2Tj) = —36Nmi [T = (12Am>?k) x (4Ti) = 48Nmj.
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Unit Exam IlI: Problem #3 (Fall '19)
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A conducting frame with a moving conducting rod is located in a uniform magnetic field of magnitude B = 5T
[B = 10T] directed perpendicular to the plane of the frame. The moving rod induces a counterclockwise

current I = 3A [I = 2A] around the loop, which has resistance R = 2Q) [R = 4Q)].
a) Find the magnetic flux |®g| through the loop at the instant shown.

b) Find the induced emf &.

c) Find the speed v of the rod.

2m

(
(
(c)
(d) Find the force F (magnitude) needed to keep the rod moving at speed v.
(e) Find the direction (®, ®) of the magnetic field B.

—
=
.
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A conducting frame with a moving conducting rod is located in a uniform magnetic field of magnitude B = 5T
[B = 10T] directed perpendicular to the plane of the frame. The moving rod induces a counterclockwise

current I = 3A [I = 2A] around the loop, which has resistance R = 2Q) [R = 4Q)].
a) Find the magnetic flux |®g| through the loop at the instant shown.

b) Find the induced emf &.

c) Find the speed v of the rod.

2m

(
(
(c)
(d) Find the force F (magnitude) needed to keep the rod moving at speed v.
(e) Find the direction (®, ®) of the magnetic field B.

Solution:

(a) |Pg| = (2m)(3m)(5T) =30Wb  [|®5| = (2m)(3m)(10T) = 60Wb.
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A conducting frame with a moving conducting rod is located in a uniform magnetic field of magnitude B = 5T
[B = 10T] directed perpendicular to the plane of the frame. The moving rod induces a counterclockwise

current I = 3A [I = 2A] around the loop, which has resistance R = 2Q) [R = 4Q)].
a) Find the magnetic flux |®g| through the loop at the instant shown.

b) Find the induced emf &.

c) Find the speed v of the rod.

2m

(
(
(c)
(d) Find the force F (magnitude) needed to keep the rod moving at speed v.
(e) Find the direction (®, ®) of the magnetic field B.

Solution:
(a) |Pp| = (2m)(3m)(5T) = 30Wb  [|®p| = (2m)(3m)(10T) = 60Wh.
(b) £ =(2Q)(3A) =6V [ = (40)(2A) = 8V].

—
=
.
B E—
3m



Unit Exam Ill: Problem #3 (Fall "19) hmh'

A conducting frame with a moving conducting rod is located in a uniform magnetic field of magnitude B = 5T
[B = 10T] directed perpendicular to the plane of the frame. The moving rod induces a counterclockwise
current I = 3A [I = 2A] around the loop, which has resistance R = 2Q) [R = 4Q)].

(a) Find the magnetic flux |Pg| through the loop at the instant shown.
(b) Find the induced emf &.
(c) Find the speed v of the rod. = v
(d) Find the force F (magnitude) needed to keep the rod moving at speed v. & ¢ I T e
(e) Find the direction (®, ®) of the magnetic field B. —

3m

Solution:
(a) |Pp| = (2m)(3m)(5T) = 30Wb  [|®p| = (2m)(3m)(10T) = 60Wh.
(b) £ =(2Q)(3A) =6V [ = (40)(2A) = 8V].

6V 8V

mzo.ém/s vzmzt).élm/s .

(c) v=

tsl599



Unit Exam Ill: Problem #3 (Fall "19) hmh'

A conducting frame with a moving conducting rod is located in a uniform magnetic field of magnitude B = 5T
[B = 10T] directed perpendicular to the plane of the frame. The moving rod induces a counterclockwise
current I = 3A [I = 2A] around the loop, which has resistance R = 2Q) [R = 4Q)].

(a) Find the magnetic flux |Pg| through the loop at the instant shown.
(b) Find the induced emf &.
(c) Find the speed v of the rod. = v
(d) Find the force F (magnitude) needed to keep the rod moving at speed v. & ¢ I T e
(e) Find the direction (®, ®) of the magnetic field B. —

3m

Solution:
(a) |Pp| = (2m)(3m)(5T) = 30Wb  [|®p| = (2m)(3m)(10T) = 60Wh.
(b) £ =(2Q)(3A) =6V [ = (40)(2A) = 8V].
6V 8V
(5T)(2m) (10T)(2m)
(d) F= (3A)(2m)(5T) =30N  [F = (2A)(2m)(10T) = 40N].

(c) v= = 0.6m/s v= =04m/s| .
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A conducting frame with a moving conducting rod is located in a uniform magnetic field of magnitude B = 5T
[B = 10T] directed perpendicular to the plane of the frame. The moving rod induces a counterclockwise
current I = 3A [I = 2A] around the loop, which has resistance R = 2Q) [R = 4Q)].

(a) Find the magnetic flux |Pg| through the loop at the instant shown.
(b) Find the induced emf &.
(c) Find the speed v of the rod. = v
(d) Find the force F (magnitude) needed to keep the rod moving at speed v. & ¢ I T e
(e) Find the direction (®, ®) of the magnetic field B. —

3m

Solution:

(a) |®p| = (2m)(3m)(5T) =30Wb  [|®p| = (2m)(3m)(10T) = 60Wb.

(b) £ = (20)(3A) =6V [£ = (40)(2A) = 8V].
NV emy 8V

GT)2m) o™ YT 101 (2m)

(d) F= (3A)(2m)(5T) =30N  [F = (2A)(2m)(10T) = 40N].

(e) ® [®].

() o= =0.4m/s| .
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