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(B) Electric Field

Consider an electron shot with a speed of 6 X 105 més into just an electric field (zero magnetic field). Calculate the value of Eyx
needed to deflect the electron to the right by 3 cm. Modify the code to reflect this and evaluate it. Ey is to the right by conven-

tion; a negative value is to the left.

(C) Electric and Magnetic Fields

Below, display the case an electron shot with a speed of 6 x 103 més into an electric field of Ex = 30V ém and a magnetic field
of B;=—-0.0002T.

A velocityselectoris a configuration with both fields to create no net force on any particle with one particular velocity.

F=QE+VxBN=0 = E=-vxB = E=VB

Calculate the value of Ey needed to achieve this for any particle with speed 6 x 10° més in a magneitc field of Bz = .0005T.
Make sure you get the sign of Ey correct to cancel the magnetic force with the electric force. Demonstrate this for the three

separate cases of an electron, proton and an alpha particle.

(D) Three Dimensional

U Mathematica Code for 3D Case

This the Mathematica code for the 3D calculation and to display the trajectory graphically. The function CalculateAndDraw3d
does all this. The function Acceleration3D represents the 3D acceleration expression needed.

Acceleration3D@_, v._D:= 9 vaBField@D
m
CalculateAndDraw3D :=
HInRegionQ = InRegionQ3D;
Acceleration = Acceleration3D;
Show@raphics3D@
8Thickness@ 01D, RGBColor@, 0, .4D,
Line@ataPointPositionél lterateData@®88r0, vO<, 0<<DD<, Axes @ True,
PlotRange @ 88- .5, .5<, 8- .5, .b<, 8- .5, .5<<, AxesLabel @8"x", "y", "z"<
DDL

InRegionQ3D@BX_, Yy , z <D:=H .58§x8§ .51 H .58y 8§ .5L1T H .58z§ .5L

BField@ D :=B; m=mElectron; Q=-e; r0=8.25, 0, .5<; v0=80, 1, - .25<6u105;
B =80, 0, .00002<; Ds = .005; iMax =2000; CalculateAndDraw3D

mrr m
BField@ D :=10 7 WithB8rMagnitude = Norm@D<, 3 - F
rMagnitude °  rMagnitude 3
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Motion of Charged Particles - Worksheet

Question A1 Calculate the value of B, needed for an electron with a speed of 6x10° m/s to be deflected to
the right in a circle of radius 3 cm.

Question A2 Calculate the value of B, needed for an alpha particle with a speed of 6x10° m/s to be
deflected to the right in a circle of radius 3 cm.

Question B Calculate the value of E, needed for an electron with a speed of 6x10° m/s to be deflected to
the right by 3 cm.

Question C Calculate the value of E, needed for any particle with a speed of 6x10° m/s to not be
deflected in a magnetic field of 0.0005T.

Question D Calculate the radius of the circle in this helix.



Induction

BACKGROUND: When a magnet is passed through a coil there is a changing magnetic flux through the
coil. This induces a emf (electro-motive force) € in the coil. According to Faraday’s Law of Induction:

ACTIVITY: Use the voltage sensor to measure the voltage (emf) induced in a solenoid as a bar magnet
moves through the solenoid. A plot of the voltage versus time is made and the area under the curve is found

by integration. This area (€ x t) is proportional to the magnetic flux since:

SETUP:

[edt=-NA®D.

. Open the file: ‘P41 Induction - Magnet’
. Follow instruction for computer setup and equipment setup. Connect the red lead of the voltage

probe to the top terminal of the solenoid and the black to the bottom. A positive voltage
corresponds to the top terminal being at higher voltage.

DATA RECORDING AND ANALYSIS:

. Hold the magnet so that the north end is about 2 cm above photo-gate.
. Start recording (press rec.). Let the magnet fall through solenoid. Make sure magnet does not hit

ground.

. The data from the voltage sensor should be recorded automatically on the graph. Expand the

graph to get a better illustration of the plot.

. Click the statistic menu button, 2, and select ‘area’ on. The area under the curves should be

highlighted if the integration feature is on.

. In the graph display, use the cursor to select a rectangle area around the first peak of the V vs. T

plot. At the column on the right in the statistic area under integration the value should appear.
Record on data sheet.

6. Asin five (5), do the same for peak two and record data.
7. Repeat recording and analysis for two magnets taped together, as defined on data sheet.
8. Complete data calculations and questions before handing in data sheet.
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INDUCTION - MAGNET THROUGH A COIL

Data Sheet

a. Look at the way the coil is wrapped. If a current passes through the solenoid from the bottom to the top
is the current clockwise or counterclockwise (when viewed from above.) The sense of an emf’
(clockwise or counterclockwise) corresponds to the sense of its induced current. An emf pushing from
the bottom to the top will record as a positive voltage.

B. Drop one magnet through the solenoid with the north pole on the bottom. Record the value of
integration for first peak, the value of integration for the second peak and the percent difference. To
the right of the table give a crude sketch of the graph that is shown.

First Peak | Second Peak
(V-s) (V-s)

% Difference

Area

Clockwise or
Counterclockwise

c. Drop one magnet through the solenoid with the south pole on the bottom. Record the value of
integration for first peak, the value of integration for the second peak and the percent difference. To
the right of the table give a crude sketch of the graph that is shown.

First Peak | Second Peak
(V-s) (V-s)

% Difference

Area

Clockwise or
Counterclockwise

D. Drop two magnets through the solenoid taped together so that both south poles are together and at the
bottom. Record the value of integration for first peak, the value of integration for the second peak and
the percent difference. To the right of the table give a crude sketch of the graph that is shown.

First Peak | Second Peak
(V-s) (V-s)

% Difference

Area

Clockwise or
Counterclockwise




Questions

1. Is the incoming (first peak area) flux equal in magnitude to the outgoing (second peak area)
flux? Why?

2. Are the peaks shaped exactly the same? If there is a difference, why?

3. Why are the peaks in opposite directions?

4. Use Lenz’s law to theoretically explain the sense of the induced emf as a magnet with its North
pole down as the magnetic first enters and then leaves the solenoid.

5. Suppose an isolated magnetic North pole is discovered and dropped through this setup.
Describe the voltage pattern by giving a crude sketch of the voltage as a function of time.
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RC Circuits

We will study charging and discharging capacitors. The
characteristic time for charging or discharging a capacitor is l

c B Discharging
called the time constant t: T=R C. The charge on the capacitor _{ W
and the voltage across it are related by V= Q/C. A fully charged Charging

capacitor will have charge Om.x = C V5. The charge and voltage vs| T

|
for charging and discharging capacitors are given by: ' |

O()=Omax (1-¢7"'%) and V(6)=Vs(1-e"'7) for charging
O(?) = Omax e ! and V(£)=Vy e !/t for discharging

where we are assuming that the capacitor is fully charged before it is discharged and fully discharged before it
is charged. (Hint: To fully charge or discharge the capacitor set the switch appropriately and short out the
resistor; this reduces the time constant and thus speeds up the process.)

Procedure

(1) Connect the voltage probe across the capacitor and put a wire between the capacitor and resistor to
complete the circuit.

(2) Measure the source voltage V.

(3) Calculate the theoretical value of the time constant, T=R C'.

(4) Charge the capacitor and record 12 of the voltage values. Choose times that illustrate the proper
functional behavior; include a few time constants in your data.

(5) Using Software, plot a graph of In(Vs - V) vs. time. Include the best-fit line and its equation.

(6) From the slope find the experimental value of the time constant. In theory the slope should be -1/, so the
experimental value of the time constant is: Ty, = -1/slope.

(7) Discharge the capacitor and record 12 of the voltage values. As before choose times that illustrate the
proper functional behavior.

(8) Using Software, plot a graph of In V' vs. time. Include the best-fit line and its equation.

(9) From the slope find the experimental value of the time constant. In theory the slope should also be -1/7,
so the experimental value of the time constant is: T, = -1/slope. Average the two experimental values
of the time constant (one from charging and one from discharging) and compare with the theoretical
value. Give the percent error.

(10) Add a second capacitor in parallel with the first. The new capacitance is the sum of the two. Repeat
steps (3) through (9) with the new time constant.



Data Table

Source Voltage = Vg =

Trial 1 Trial 2
R= C= R= C=
T=RC= T=RC=
Charging Discharging Charging Discharging
Time Voltage Time Voltage Time Voltage Time Voltage
Slope = Slope = Slope = Slope =
Texp = Texp = Texp = Texp =
Average Tep = Average Tep =
% Error = % Error =
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The Series RCL Circuit

Use two multimeters, one to measure the voltage and the other to measure the current. Because of the
relatively large internal resistance of the ammeter (compared with the impedances of the other components
in the circuit), it is essential that the ammeter is connected outside of the voltmeter. That is: connect the
ammeter as a lead to the voltage source and connect the voltmeter across just L, C and R.

Resistance of Inductor =

(A) R=10Q C=100 uF L=82mH f=120Hz

V'is the rms voltage across the source. [/ is the total rms current. Vc is the rms voltage across the capacitor.
VrL 1s the rms voltage across the both the resistor and inductor.

Calculate the theoretical values of the reactances and impedance.

XL = Xc= Z=

Show work.

Complete the table below with the theoretical (calculated) values on the left and the experimental
(measured) values on the right, and give the % error ( |exp-theo|/theo x 100% ). All theoretical values
should be in terms of the measured value of V, the total voltage.

Measured value of the total voltage. V=
Theoretical Experimental % Error
1
Ve
VrL

Show calculations.
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Question: The measured voltages are the rms quantities. Is V= Vc+ Vr ? Should it be? Discuss.

(B) Add iron core to the inductor. This should enhance the inductance.

1= VR =

Calculate the value of the new inductance. L=

Show work.

(C) Resonance

Use the 100 uF capacitor and use no resistor. (There still is resistance in the inductor.) Do not use the iron
core. Keep the voltage fixed and vary the frequency. Use a range of frequencies around the resonance
frequency.

C=100 uF Fixed Voltage =

Frequency
f (Hz)

Current
[ (A)

Calculate the theoretical values of the resonance frequency and the current at resonance.

Theoretical:  f= 1=

Using software, graph of / vs. f. From the graph find the frequency where the current is its maximum and
the maximum value of the current.

Experimental:  f= 1=




Geometric Optics and Ray Boxes Name

The ray box can be used to get parallel rays of light from a source. For each part sketch the rays and components
on a plain piece of paper. Sketch the components (mirrors and lenses) by tracing them with a pencil and draw the
rays by marking two points on the ray with a pencil and then use a straight edge between the points to trace each
line.

(A) Reflection from a Concave Mirror

Use three rays and a concave mirror. Align the central ray with the pre-drawn line and focus the rays to a point
along the central axis Trace the incident rays, the reflected rays and the mirror. Use the drawing to find the focal
length of the mirror.

S \
: |
SR N

(B) Reflection from a Convex Mirror

Use three rays and a convex mirror. Align the central ray with the pre-drawn line. Trace the incident rays, the
reflected rays and the mirror. Extend the reflected rays backward to find where they intersect. Use the drawing to
find the focal length of the mirror.

f=_

-~

\'\(/\
—— \/::
A/\

-~

(C) Double-convex (Converging) Lens
Use three rays and a double-convex lens. Align the central ray with the pre-drawn line and place the lens so that its
center is along the pre-drawn perpendicular line. Focus the rays to a point along the central axis. Trace the

incident rays, the refracted rays and the lens. Use the drawing to find the focal length of the lens. (Measure the
distance from the center of the lens.)

I /
>
, |

"
=
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(D) Double-concave (Diverging) Lens

Use three rays and a double-concave lens. Align the central ray with the pre-drawn line and place the lens so that
its center is along the pre-drawn perpendicular line. The rays should diverge from the central axis. Trace the
incident rays, the refracted rays and the lens. Extend the refracted rays backward to find the focal length of the
lens. (Measure the distance from the center of the lens.)

f=_

(E) Snell’s Law

Use one ray and a prism with a 30° apex angle. Align the ray with the pre-drawn line and one face of the prism
with the perpendicular. This makes the incident angle equal to the apex angle of the prism: 8, =30°. n; =n is the
unknown index of the prism and n, = 1 is the index of air. Draw the refracted ray (the ray leaving the prism) and
measure the total angle of deflection 8. ¢ is related to 0, by: 6, =30° + 1.

o= 6, =

Using Snell’s Law n; sin 6; = n; sin 0,
calculate n, the index of the prism.

ne.___ »
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(F) Plano--convex (Converging) Lens

Use three rays and the plastic lens with one flat face and one semicircular face. Align the flat face with the pre-
drawn perpendicular line and the central ray with the long line. Trace the rays and the lens. From the diagram
measure the focal length of the lens. (The distance is measured from the curved face.) Measure the radius of the
lens.

f=  R=_

The lensmaker’s equation 1/f = (n—1) [ I/R; - 1/Ry ] relates the radii of curvature of the faces of a thin lens
and its index of refraction to the lens’ focal length. In this expression the radii are measured from the side of the
refracted ray. For this plano-convex lens we have: R; = o (a flat face) and R, = -R. Plugging this into the
lensmaker equation we get:

l=(n_1)(i_L) = %:(n—l)(O—%) = n=l+§.

Use this to find the lens’ index of refraction.

(G) Total Internal Reflection

Use one ray and the plano-convex lens from part (F). Align the flat face with the pre-drawn perpendicular line and
the ray with the long line. Slide the flat face of the lens along the perpendicular until you reach the critical
position where the refracted ray disappears. At that position carefully trace the curved face of the lens. Now the
incident angle is the critical angle: 6; = 6. . Solve for this critical angle by measuring d (as shown) and by using
cos 0, =d/R. Use this and sin O = no/ny = 1/n to find the index of refraction of the lens.

d =

01 = Ouit = ’

o R






