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Friction is negligible and express all of our answers for (a) — (d) in terms of m, £, 6, B, R and g.

Part (a): The bar is has reached a constant, terminal velocity. The positively charged particles in the bar are
moving with a constant velocity, v, perpendicular to the magnetic field. Using the right hand rule, point your
fingers in the direction of the velocity or down the rails, curl your fingers in the direction of the magnetic field
or up and normal to the rails, your thumb points in the direction of the magnetic force on the positively
charged particle which is toward the front rail. This is the direction of the current in the rail which means
there is a magnetic force on the rail due to the current in the rail. Point your fingers in the direction of the
current or along the bar toward the front rail, curl your fingers in the direction of the magnetic field or up and
perpendicular to the rails and your thumb points up the rails and in the direction of the magnetic force on the
bar which is up the rails. The equation for the magnetic force on the current carrying bar is:

F, =1IBsin@ = IIBsin(90) = IIB (the current and the

magnetic field are normal to one another). The free body
diagram in a side view is to the right (the current is toward
you in the picture). In order to solve for the current, we
need to sum the forces. In order to sum the forces, we
need to break forces in to components. Because we are
going to sum the forces parallel to the rails, we don’t break
the magnetic force into components, rather we break the
force of gravity into components.
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Now we can sum the forces in the parallel direction: FgL F
. mgsin@ o

ZFII =Fy—F, =ma, =m(0)= F, =F, :>”B:m85m0:>I:lT

Part (b): In order to find the constant speed of the bar, we need to first find the motional emf across the bar.

% = ||8|| = —i(BA cos 9) =-B cos(lSO)i(xl) = Bl@ = Blv Note: the angle between
dt dt dt dt

the area vector and the magnetic field is 180°, however, we only need the magnitude here. Also, the area is

x{, where x is the variable distance from the top of the rail to where the bar touches the rail. Now we can

solve for the velocity:
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Part (c): P=I’R= (
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Part (d): We need to find the speed of the bar as a function of time. The math will be similar to charging a

. . o . mgRsin 6
capacitor through a resistor (an RC circuit). We know the limits. vi=0& v, = IZT Here we go.

Let's use the same free body diagram, however, the acceleration in the parallel direction is no longer zero
and let’s define down the rails as positive so that our acceleration will be positive.

. dv dv . 1IB
ZF” =—F,+F, =ma, = —ILB+mgsin0 = mZ = 7 = gsm@—;
Bl d : Blv\( B : I’B?
& ||e|| =Blv=AV =IR= I =" therefore: ¥ = gsinf — (—VJ(—j =gsinf — Y
R dt R m mR
We can now rearrange and take the integral of both sides.
d I d f
Vz 2V:a,’t:>J v2 2V:jdt:tf—t,.:t—O:t
gsinf — v gsinf — f
mR m

| solved the right hand side of the equation first, now let’s solve the left hand side (and switch sides).
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_BT MR MR
MR
B*I’v “"Sme_BAZ/II;V B’y
Bt gsinf — " gsine B gsinf— B
— =ln| ——F MR |, . =e MR = —— B2 _—¢ MR
MR gsin@ gsin@

By B By B By B
= gsinf — =(gsinB)e MR — — =(gsinB)e MR — osinf = =gsinf| 1—e MR
g R (gsind) (gsin6) g R =8

MR
. Bt
:,V:M[l_e )

BI’

That was a bit complicated; so let’s check our limits. We know att =0 thatv = 0.
MRgsin®( ., -ZLO)  MResin®

v(0)= "5 [1—e e | MReSING 4y

(that is correct)

B’ B’
. mgRsin@
We also know that at time t = « thaty = ———
I’B
MRgsin@ BT MRgsin® MRgsin0

v(OO) = #{1 —e MR = #(1 - O) = # (glad that worked too)
Part (e):

o . : . mgRsin6
The velocity final is directly proportional to the resistance of the circuit: v, = IZT

When you add the resistor to the circuit at the bottom of the rails you are adding a resistor in parallel which
will decrease the resistance of the circuit and therefore the velocity final will decrease.
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