s P YEMEASEE § sTES IR SHE

1 40EENT By V =2.00xyz® - HIIZE(3.00i-2.00j+4.00k)m B EEEE A /N E{a] 2 (Vis in volts and x, v,
and z are in meters) (10%)

2 (a) In Fig. 2, Rs is to be adjusted in value by moving the sliding contact
across it until points a and b are brought to the same potential. (One

tests for this condition by momentarily connecting a sensitive

Shding contaa

ammeter between a and b; if these points are at the same potential,
the ammeter will not deflect.) Show that when this adjustment is

made, the following relation holds: Rx = RsR2/R1. An unknown

resistance (Rx) can be measured in terms of a standard (Rs) using this
device, which is called a Wheatstone bridge. (10%) Fig. 2

2 (b) If points a and b in Fig. 2 are connected by a wire of resistance r, show that the current in

the wire is

- &R, — R)
‘" (R+2r)(R. + R) + 2R.R,

Where ¢ is the emf of the ideal battery and R = R1 = R2. Assume that RO equals zero. (20%)

3 Figure 3 shows a wood cylinder of mass m = 0.250 kg and length L =

0.100 m, with N = 10.0 turns of wire wrapped around it longitudinally, l " A
so that the plane of the wire coil contains the long central axis of the \[ v /
cylinder. The cylinder is released on a plane inclined at an angle 0 to ff,"’% ‘ :
the horizontal, with the plane of the coil parallel to the incline plane. L ‘\‘u

If there is a vertical uniform magnetic field of magnitude 0.500 T, i ‘u'\
what is the least current i through the coil that keeps the cylinder

from rolling down the plane? (20%) Fig. 3
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5 (b) & &R T-1EALHERF 7 K ) iR 25 [ (the radial probability density for the ground



state of the hydrogen atom) %y (10%)
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1 Sol: We apply Eq. 24-41.:
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which, at (x, y, z) = (3.00 m, —2.00 m, 4.00 m), gives
(Ex E,, E;) = (64.0 V/m, —96.0 V/m, 96.0 V/m).

The magnitude of the field is therefore

\E\:JEXZ +E?+E? =150V/m=150N/C.

2 (a) Sol: Let i; be the current in Ry and R,, and take it to be positive if it is toward point a in R;.
Let i, be the current in Rs and Ry, and take it to be positive if it is toward b in R;. The
loop rule yields (R1 + R2)is — (R + Rs)i> = 0. Since points a and b are at the same
potential, i1R; = i,Rs. The second equation gives i, = i;R1/Rs, which is substituted into
the first equation to obtain

(R+R,)i,=(R, +RS)F%i1 = R=T2t

2 (b) Sol: (a) Placing a wire (of resistance r) with current i running directly from point a to point
b in Fig. 27-61 divides the top of the picture into a left and a right triangle. If we label
the currents through each resistor with the corresponding subscripts (for instance, i

goes toward the lower right through R and iy goes toward the upper /\
- %

right through R,), then the currents must be related as follows:

ip =0+, i =i+i,
i +i=i, 0, +i, =1

S
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where the last relation is not independent of the previous three. The
loop equations for the two triangles and also for the bottom loop (containing the
battery and point b) lead to



i.R, —i,R, —ir =0
i,R —i R —ir=0
e—i,R, —i,R,—i R =0.

We incorporate the current relations from above into these loop equations in order to
obtain three well-posed “simultaneous” equations, for three unknown currents (is, iy

and i):

—-,R, —ir=0
|b+R +R go

SbO+RS+RXg|lRO—|RX =0

The problem statement further specifies R; = R, = R and Rg = 0, which causes our

solution for i to simplify significantly. It becomes

g[a Rg

2rR +2R,R,+R.R+2rR, +R.R

which is equivalent to the result shown in the problem statement.

3 Sol: We use Eq. 28-37 where sz is the magnetic dipole moment of the wire loop and B is

the magnetic field, as well as Newton’s second law. Since the plane of the loop is parallel
to the incline the dipole moment is normal to the incline. The forces acting on the
cylinder are the force of gravity mg, acting downward from the center of mass, the
normal force of the incline Fy, acting perpendicularly to the incline through the center of
mass, and the force of friction f, acting up the incline at the point of contact. We take the
x axis to be positive down the incline. Then the x component of Newton’s second law for
the center of mass yields

mgsind— f =ma.
For purposes of calculating the torque, we take the axis of the cylinder to be the axis of
rotation. The magnetic field produces a torque with magnitude B siné, and the force of
friction produces a torque with magnitude fr, where r is the radius of the cylinder. The
first tends to produce an angular acceleration in the counterclockwise direction, and the
second tends to produce an angular acceleration in the clockwise direction. Newton'’s
second law for rotation about the center of the cylinder, 7= /¢, gives

fr — uBsin@ =
Since we want the current that holds the cylinder in place, we set a =0 and =0, and
use one equation to eliminate f from the other. The result is mgr = uB. The loop is



rectangular with two sides of length L and two of length 2r, so its area is A = 2rL and the
dipole momentis = NiA=Ni(2rL). Thus, mgr =2NirLB and

mg [9250 kg @8 m/s’ N

=19 _ < 245A.
2NLB moo m@aom

4 Sol: The flux ®g over the toroid cross-section is (see, for example Problem 30-60)

.- Toon- 2 -2 ol

Thus, the coil-toroid mutual inductance is

M. = N D :&ﬂoitNth |nH% HoNiN,h |nH;
° I, i, 2m a 2m a

where N; = N7 and N, = N,.

5 (a) Sol:AE—EJF T » BT OMAFAET EISEFE B B 2 220 -
5 (b) Sol: The radial probability function for the ground state of hydrogen is
P(r) = (4r/a’)e”*"°,

where a is the Bohr radius. We want to evaluate the integral ZP(r) dr. Wesetn=2

and replace a in the given formula with 2/a and x with r. Then

_ 4 2.-2rla _ 4 2 _
Z:’(r)dr_gz e dr_?(z/af =1



