First Midterm Physics 106 March 10, 2011

Do this exam by yourself. No calculators or books are needepeanitted. However, a
formula sheet (four pages of US letter size paper) is allowRrbblems are on BOTH SIDES
of this page. Please explain your reasoning. Draw sketches and free body diagrams. Even if
you don’t know how to solve the problem, state in words what ffunk is happening and why.
Express all answers in terms of the variables defined in tblel@m.

1. [45 points] A rectangular frame of lengtib2long thex axis anda along they axis is moving
with constant velocity = vX from x = — into the magnetic fiel® = ZBye®*. The frame is
made of wire with the resistance per unit lengsh,

(a) [10 points] If the center of the frame is at the positiog X, what is the flux through
the frame? Show that the flux is proportional to gunkb).

(b) [10 points] When the center of the frame ixgtwhat is the electromotive force which
is being generated in the frame as it is moving?

(c) [10 points] What is the power dissipated in the frame, asation ofx.?

(d) [15 points] What is the total amount of heat generated byctirrent in the frame as it
travels fromx, = —oo to X. = 0?

2. [45 points]

(@) [5 points] An infinite wire carries the currentWhat is the magnetic field at a poiRat
at the distanca from the wire?

(b) [30 points] A very long wire runs along positixeaxis from—oo and carries the current
2l. The wire is spliced at0,0,0), with one branch turning into the positiyeaxis and
carrying the current, and another turning into the negativexis and also carrying the
currentl.

What are the magnitude and the orientation of the magnetit; Bekt a pointP on the
zaxis at a heigha from the origin (that is, at0,0,a))?

(c) [10 points] A very long wire is bent at 90n the horizontal plane, so that the currént
runs down thex axis to the origin, and from there along the positpaxis to infinity.

What isB (as a vector) at0,0,a)?



3. [10 points] An equilateral triangle with the sideis made of resistive wire. Each side has
the resistanc®. VoltageV is applied to two corners of the triangle.

(a) [5 points] What are the currents through each of the sidas® their direction on a
sketch of the triangle.
(b) [5 points] What is the voltage between the third cornerthiedother two?

(c) [EXTRA CREDIT = 30 points] What are the orientation and the niagle of the
magnetic fieldB in the center of the triangle?

Possibly useful formulas

o [$=Inx+C, and[ePdx= ze™+C

xn+1

o [Xdx= T

+C forn# -1

J sinxdx = —cosx+C and | cosxdx = sinx+C

sirfa 4+ cofa = 1

sinh(x) = #

cosh{x) = €4~

Solutions of the quadratic equatiar® +bx+c = 0 are

—b+ vb?—4ac
2a

X12 =

Scalar producta- b = axby + ayby + azb,.

A second order linear differential equatirs-&w?’x = 0 has the solution in the form aft) =
Asin(wt) + Bcog wt).



