Physics 4B THIRD EXAM Chapters 23 - 32 Fall 1996

Name:

Solve the following problemsin the space provided. Use the back of the page if needed. Each problemis
worth 20 points. You must show your work in alogical fashion starting with the correctly applied physical
principles which are on the last page. Y our score will be maximized if your work is easy to follow because partial
credit will be awarded.

1. Inthelab you conducted the &m experiment by accelerating electrons with a potentia difference of 3000V
and sending them into a magnetic field which was adjusted so that the radius of curvature was 26.0cm. Find
(a)the speed of the electrons and (b)the strength of the magnetic field.

(&Theinitia potentia energy of the electrons will be converted into potential energy according to the Law of
Conservation of Energy. Using the definition of electric potential,
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(b)The magnetic force on the moving electron causesci rcular motion accordi ng to Newton’'s Second Law,
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where the expression for centripetal accel eratl on has been used.




2. Find the magnetic field at the point P caused by the current | in the 90°
circular arc of radius R.

Usethe Biot Savart Rule B = %(‘)ldf—zr .

Sinceds and r are parallel for all the straight sections of the wire, these
sections create no magnetic field at the point P. Thefield at Pisdue only

to the circular arc along which ds and T are perpendicular so B points
into the page and

|dS” ¥| = (ds)(1)sin90° = ds.
The magnitude of thefield is,
g=" Jds_ m] &is= my| Rag_)@_m
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3. A sguare coil of 1000 turns has sides that are 10.0cm long. The coil isin amagnetic field that changes with
time according to the graph below. Sketch the voltage induced in the coil as afunction of time on the axes below.

1.5 , , , , , 5 .
1 - 25 <f-canaaan ) g ................
e 0.5 - S R s R RRRERES -------
e g L
oh 0- S o5decee e bt ------- e
-0.5 4 S ONS SRR SR Lemmmanm= luomemmmealecaaenn
1 i i i i i 7.5 . . . . .
o N <t o [ee] ‘c_)| &{ o N < (] [e0] 8 ﬁ
time (s) time (s)
. , , - dF, dF ;
(@)Using Faraday's Law the induced voltage is,gE - ds = - pm P V=-N et

Using the definition of flux and the fact that the B-field is constant in space and perpendicular to the plane of the

coil, V = - N%BA =- NA%? = - (1000)(0.10)*(slope) = - 10(slope)



4. An aternating current 1=1_sin2pft where | =2.00A and f=60.0Hz is supplied to a 10.0mH inductor. Find the
peak induced voltage across the inductor and frequency of the voltage oscillations.

Use the definition of inductanceis €° - L% where % = % I, sin2pft = 1 2pfcos2pft.

Substituting, € = - L1 2pfcos2pft = - €_cos2pft

where €, = LI 2pf =(0.010)(2.00)2p(60.0) = 7.54V

and the voltage oscillates at the same frequency as the current f=60.0Hz

5. Inthelab, you studied the behavior of an electric motor and a generator. Explain how each device works and
the distinction between them given that they are physically the same machine.

In an electric motor, current is sent through a coil that is placed in amagnetic field. The magnetic force on the
current causes the coil to rotate. In a generator, acoil in amagnetic field is mechanically turned. Asthefield
through the coil changes a voltage isinduced in the coil according to Faraday’s Law. The motor and the generator
are both just a coil in amagnetic field. The distinction is that for a motor, electrical energy is converted into
mechanica energy while for agenerator, mechanical energy is converted into electrical energy.



