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Physics 4B


 
Faraday’s Law

Introduction:  We will verify Faraday’s Law by comparing the theoretical value for the maximum emf [Emax(th)] induced in a coil surrounding a long solenoid (see diagram on page 2) to the measured induced emf, [Emax(meas.)].  This will be accomplished by monitoring signals across a resistor and a coil on a dual trace oscilloscope.

Theory:  In the space below, show the complete details of the derivation of Eth leading to the boxed result shown.  Be sure to define each symbol used.  An outline of this derivation is given below.
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However, I, the current in the solenoid, is obtained from I=V/R, where V is the potential difference across the resistor and is measured with Ch.1 of the scope across the resistor R.  Therefore:
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Notice that the quantity (onsNcAs is the mutual inductance of the solenoid coil system. 

The theoretical value for the maximum induced emf can be calculated after measuring the maximum slope of the V vs. t trace on Ch.1 of the scope.  Notice that the maximum slope on Ch.1 occurs when V is zero volts on Ch.1, and when, E, the induced emf is a maximum on Ch.2 (by Faraday’s Law). Furthermore, the maximum value of E occurs precisely when there is no field at all in the solenoid (i.e., when V on Ch.1 is zero volts, both I and B are zero)!!!

         
.                                                                                    
                           

Power Supply settings… 500-1000 Hz (to be determined by instructor), AC (sine), low ohms, 1/2 gain

Procedure/Data/Results:

1.  Operate the circuit (see schematic above) to obtain a scope trace of the induced emf in the coil on Ch.2, and a scope trace on Ch.1. The latter is related to the changing magnetic field B that produces the emf on Ch.2.  
2.  Record the emf induced in coil (Ch.2) to three significant figures. Make sure that all scope settings are in “calibrated” positions.

Peak-to-peak value of E = __________ divisions x __________ v/div = _________volts; 

So, Emax(meas.) = __________ volts.
(note: the amplitude of emf would be half of peak-to-peak value E)

3.  Record all data below and calculate predicted maximum emf:  
Resistance of the resistor, R = __________
[image: image3.wmf]W

;
# of turns of the coil, Nc = ____________; 

Solenoid:

· inner diameter, d1 = __________ cm;
outer diameter, d2 = __________ cm;
mean diameter, d = __________ cm; 
mean radius, r = __________ cm;
so, the area of solenoid, As = __________ m2;
· # of turns, Ns = __________; 
length of solenoid, L = __________ cm;
so, the turns per unit length, ns = __________ 1/m;

Ch.1:   
Expand the trace on Ch.1 (pull out the x10 time base scale expansion knob). This is will make it easier to measure (V and (t (Ch.1) and ultimately the maximum value of the slope, (V/(t. Record the data below to three significant figures.
(V = __________ divisions x __________ v/div = __________ volts;
(t = __________ divisions x __________ s/div x __________ magnifier (10 or 1/10?) 
    = __________ seconds;
so, the lope, (V/(t (max) = ___________ v/s.

Predicted maximum emf:
Emax(th) = (onsNcAs(ΔV(Δt)/R = __________ volts (show your work below) 


4.  Calculate % Error between Emax(th and Emax(meas.):

% error = __________
5.  Use your results to calculate the mutual inductance of the system and compare it the value obtained from geometry. Don’t forget to calculate the percent error.
6.  Carefully sketch two cycles of the scope traces of VR (Ch.1) and the induced emf (Ch.2) below. Measure the approximate phase difference and indicate it in the sketch. Does the value for the measured phase difference make sense?

Experiment 
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