Prof. Anchordoqui

Problems set # 9‘ Physics 169 April 21, 2015

1. Consider the hemispherical closed surface in Fig. 1. The hemisphere is in a uniform magnetic
field that makes an angle 6§ with the vertical. Calculate the magnetic flux through (i) the flat
surface S and (4i) the hemispherical surface Ss.

Solution (i) ®glg, = B-A = BrR2cos(m — 0) = —BwR2cosf. (i) The net flux out of the

closed surface is zero: ®plg.. + PB| =0, hence ®p| = BrR?cosf.

curved curved

2. A cube of edge length ¢ = 2.50 cm is positioned as shown in Fig. 2. A uniform magnetic
field given by B = (5i+4j+ 3k) T exists throughout the region. (i) Calculate the flux through the
shaded face. (%) What is the total flux through the six faces?

Solution (i) ®p = [ B-dA = B-A = (5i+4j+3k) T-(2.50 x 1072 m)% = 3.12x 1073 T - m?
3.12 x 1073 Wb = 3.12 mWh. (i) ®ital = @SB dA = 0 for any closed surface (Gauss law for
magnetism).

3. A solenoid 2.50 cm in diameter and 30.0 cm long has 300 turns and carries 12.0 A. (i) Cal-
culate the flux through the surface of a disk of radius 5.00 cm that is positioned perpendicular to
and centered on the axis of the solenoid, as shown in Fig. 3 (a). (i) Figure 3 (b) shows an enlarged
end view of the same solenoid. Calculate the flux through the blue area, which is defined by an
annulus that has an inner radius of 0.400 cm and outer radius of 0.800 cm.

Solution &5 = B-A= BA, where A is the cross-sectional area of the solenoid, 5 = B mre =
7.40 uWh. (ii) @5 = B- A= BA =N 7 (43 —42) = 2.27 yWh.

4. The rectangular loop shown in Fig. 4 is coplanar with the long, straight wire carrying the
current = 20 A. Determine the magnetic flux through the loop.

~

Solution The field due to the long wire is, B = ng In the plane of the loop, d; becomes —?

#of

27r7‘

and r becomes v, B = b The flux through the loop is along —%, and the magnitude of the flux
is ® = (g B-dA = 4ol 5200;1“1 L(=4) - (=i) 30 emdy = 4203 [ % = %340 . 20 1n(0.2/0.05) =
1.66 x 1076 Wh.

5. Two parallel rails with negligible resistance are 10.0 cm apart and are connected by a 5.00-€2
resistor. The circuit also contains two metal rods having resistances of 10.0 €2 and 15.0 Q sliding
along the rails (Fig. 5). The rods are pulled away from the resistor at constant speeds of 4.00 m/s
and 2.00 m/s, respectively. A uniform magnetic field of magnitude 0.01 T is applied perpendicular
to the plane of the rails. Determine the current in the 5.00- resistor.



Solution Name the currents as shown in Fig. 5: left loop, +Bdvy — IsRs — I1 Ry = 0; right loop,
+Bdvs — IsR3 + 1 Ry = 0; and at the junction, Iy = I} + Is Then, Bdvy — 1Ry — IsRs — 1 R1 =0,

with I3 = 28 4+ L8 Hence Bdvy — I1(Ry + Rp) — Bdpsfa — Lo — o yiclding I, =

R3— —
Bd RlRZQJrlglé);Jj%gRg = 145 pA upward.

6. A helicopter has blades of length 3.00 m, rotating at 2.00 rev/s about a central hub as shown
in Fig. 6. If the vertical component of the Earths magnetic field is 50.0 4T, what is the emf induced
between the blade tip and the center hub? (i7) What is the emf induced between any two blade tips?

Solution The magnitude of the angular velocity is w = 2 rev/s - 2w rev~! = 47 s~!. A blade,
rotating with magnitude of angular velocity w sweeps an angle d¢ proportional to the time dt, i.e.
d¢ = wdt, which corresponds to an area of dA = %R2d¢ = %R2wdt. In a uniform magnetic field, the
magnetic flux swept by the blade is therefore d®p = B-dA = BdAcosf = +B,dA = i%BJ_RQWdt,
where B is the vertical component of the magnetic field. Hence the electromotive force induced
in the blade is & = — 922 = ¥1B| R%w = F15.0 x 107° T - 47(3.0 m)? = F2.8 x 1073 V. (ii) Zero
(This is like two batteries head to head).

7. A loop of area 0.1 m? is rotating at 60 rev/s with the axis of rotation perpendicular to a 0.2 T
magnetic field; see Fig. 7. (i) If there are 1000 turns on the loop, what is the maximum voltage
induced in the loop? (#) When the maximum induced voltage occurs, what is the orientation of
the loop with respect to the magnetic field?

Solution As the loop rotates, the angle between the direction of the magnetic field vector B and
the vector ff, normal to the loop with magnitude equal to the area of the loop, is a linear function of
time. The magnetic flux ® over the surface of the loop is therefore a time dependent function, and at
instant ¢ its value is: ®(t) = floop B-dA = B-A = BAcoswt. The electromotive force in the loop de-
pends on the number of loops and the rate of change in the magnetic flux over the loop (or any other
surface bound to the loop): €(t) = —N4 = —N4[BAcos(wt)] = NABwsin(wt). The rest of the
problem involves an analysis of the above function. (i) There is no mention of polarity, therefore the
maximum voltage (electromotive force) occurs for the extreme values of the trigonometric function.
The absolute value of this voltage is: Vipax = NABw = 1000-0.1 m?-0.2 T-27-60s~! = 7,540 V.
(7i) To answer this part we must analyze and interpret for what values of the argument the func-
tion assumes the extreme values. It happens when the argument of the trigonometric function is
wt = § +nm. Recall that wt represents the angle between the magnetic field and the normal to the
loop. Therefore, the voltage assumes maximum values when the magnetic field is parallel to the
plane of the loop.

8. Two infinitely long solenoids (seen in cross section) pass through a circuit as shown in Fig. 8.
The magnitude of B inside each is the same and is increasing at the rate of 100 T/s. What is the
current in each resistor?

Solution In the loop on the left, the induced emf is || = % =A% = 7(0.10m)2100 T/s =7 V
and it attempts to produce a counterclockwise current in this loop. In the loop on the right, the



induced emf is |e| = d(PB = A = 7(0.15 m)2100 T/s = 2.25 7 V and it attempts to produce a
clockwise current. Assume that I flows down through the 6.00 € resistor, I flows down through
the 5.00 Q resistor, and that I3 flows up through the 3.00 Q resistor. From Kirchhoffs junction
rule: I3 = I1 + Is. Using the loop rule on the left loop: 6.00/; + 3.00/35 = . Using the loop rule on
the right loop: 5.001 + 3.0015 = 2.257 Solving these three equations simultaneously, I; = 0.062 A,
I =0.860 A, and I3 = 0.923 A.

9. The square loop shown in Fig. 9 is coplanar with a long, straight wire carrying a current
I(t) = 5 cos(2m x 10*t) A. (i) Determine the emf induced across a small gap created in the loop.
(ii) Determine the direction and magnitude of the current that would flow through a 4 € resistor
connected across the gap. The loop has an internal resistance of 1 2.

~

Solution The magnetic field due to the wire is B = “0 ~¢ = “OI z where in the plane of the
loop, gZ; = —7 and r = y. The flux passing through the loop is ® = fSB -d§ = 515mc1m (—’;;ii) .

1 7 2 104 1
10 m . 15 4rx10~" N-A™ ><5(:os(27r>< 0%t) Ax10~ M 11=11%x10"

(=10 cm?)dy = “OIXT 7 cos(2m x

10%t) Wb, and 50 Ves = —22 = 1.1 x 27 x 10* Sln(27r X 104t) x107"V =6.9x10" 8111(271' x10%) V.
(1) Iing = ﬁi‘f = % sm(27r x 10%) V = 1.38sin(2r x 10%*) mA. At t = 0, B is a maximum,
it points in —a-direction, and since it varies as cos(2w x 10%t), it is decreasing. Hence, the induced

current has to be counterclockwise when looking down on the loop, as shown in Fig. 9.

10. The loop shown in Fig. 10 moves away from a wire carrying a current I;1 = 10 A at a con-
stant velocity uw = 7.5 m/s. If R = 10 Q and the direction of I5 is as defined in Fig. 10, find I5 as a
function of yg, the distance between the wire and the loop. Ignore the internal resistance of the loop.

Solution Assume that the wire carrying current I is in the same plane as the loop. The two
identical resistors are in series, so Iy = Ve /2R, where the induced voltage is due to motion of the
loop and is given by Vi = 550(1_[ X E) -dl. The magnetic field B is created by the wire carrying
I;. Choosing k to coincide with the direction of I, the external magnetic field due to the long

wire is AE = %qg lfor positive values of yo in the y-z plane, j = 7, so @ x B = ]ff’\j x B =
Flu| x qﬁ% = ”QOThruk Integrating around the four sides of the loop with dl = dzk and the
limits of integration chosen in accordance with the assumed direction of Is, and recognizing that
only the two sides without the resistors contribute to Vo, we have Vo = 0 k“gﬁﬂ" )
r=yo/m
jtoliu 7 _ 47x1077 N-A=2x10 Ax7.5 m/sx0.2 1 1 _
kdz + f02 ( pr ) r=yo/m+0.1 kdz = o yo/m — yo/m+0.1) — 3 X
—6(_1 1 — Vewt _ 1 1
10 (yO/m — yo/m+0.1> V, and therefore Iy = 2Rf = 150 (yo/m — yo/m+0.1) nA.



|
|
|
! B
|
|
|
|

Figure 1: Problem 1.

Figure 2: Problem 2.
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Figure 3: Problem 3.
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Figure 5: Problem 5.



Figure 6: Problem 6.

axis
of
rotation

~

o1 B

A\

L
[

Figure 7: Problem 7.
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Figure 8: Problem 8.
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Figure 9: Problem 9.
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Figure 10: Problem 10.



