Physics 4B

Experiment 2: The Cathode Ray Tube

Introduction: The cathode ray tube is the central component of a number of familiar devices including the television set, the personal computer and the oscilloscope.  In this experiment, you will explore the characteristics of a CRT using the Demonstration Unit #24-3010.  This will result in the verification of the effective ratio of length to spacing (l/d) of the deflecting plates and to an understanding of how the anodes focus the electron beam.  The concepts of electric field and electric potential will be reinforced and the information gained will serve as valuable preparation for understanding how the oscilloscope works.   
Theory: Referring to the accompanying schematic of the CRT and using the information provided by your instructor, derive an equation for the vertical deflection (y) of the electron beam in terms of L, l, d, V1 & V2.  All the important quantities you will use are listed below.     

y = beam deflection at screen
t = time that q is between plates

q = electron charge
m = mass of electron

E = electric field strength between plates (uniform)
d = plate separation = 0.234 cm

F = deflecting force (on q) = qE
l = plate length = 3.80 cm

V1 = accelerating potential (second anode)
L = plate to screen distance = 12.0 cm

a = acceleration of charge between plates
V2 = deflecting potential = Ed

Procedure:

Operation of CRT

1.  Turn off the CRT unit (#24-3010), and the Power Supply (EUW-17).  Set the intensity 

control to a minimum (full CCW).  Set the power supply control to a minimum (full CCW).

  
Now turn on the CRT and the Power Supply.


CAUTION!  THE DEFLECTING PLATE TERMINALS AND THE SECOND ANODE 

ARE AT 700 VOLTS ABOVE GROUND.  DON'T TOUCH THESE LEADS!

2.  Adjust the intensity control until a spot is visible on the screen.  The spot should be no more intense than necessary to see it conveniently.  A high intensity can burn the phosphor 
coating on the inside of the screen.  Carefully measure the position of the spot using the grid on the screen.  This will be your reference position for future spot positions. 

3.  Deflect the beam at equal voltage intervals (V2) with an appropriate value that will result in no less than ten data points covering a complete screen deflection.   Measure the position of the spot at each value of V2.  Record V1 and ordered pairs of V2 and y (to 0.1 mm) on page 3.

4.  When you are finished, turn the intensity and power supply controls to a minimum and turn 
off all the instruments (CRT unit, power supply, and voltmeters).

Calculations:

1.  Graph y (cm) vs V2 (volts).  You should see a linear plot for which a curve fit will yield the slope.  Calculate the ratio of l/d (calc), and compare this with l/d (manual).  Attach your graph and calculations to this report. 

2.  Complete the attached worksheet titled "CRT Electron Focusing".

3.  Calculate Vx, the horizontal speed of the electron beam and attach this calculation to your 

report.

Data:






V1 =  ______________ V    
Table 1: V2 vs. y

	Trial
	V2 (volts)
	y grid (mm)
	y (cm)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	


Results:


slope of graph:
____________________  cm/volt


l/d (graph):
____________________


l/d (manual):
___________________


% error:
____________________


Vx:
____________________  m/s
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Directions:  Each region of the control grid (labeled A, B, C, D) is associated with a column of three boxes positioned beneath each region.  In addition, the set of three boxes also exist in three numbered rows with one box from each region per row.  As you can see, there is also a fourth row with only two boxes; the first box in this row represents regions A & B and the second represents regions C & D.  You are to respond to the questions on the next page by writing one of the two designated letters for each row in every box in that row.

CRT Electron Focussing

Continued:

1.  Begin this exercise by considering the electric field in each region of the focusing grid.  Now consider an electron (e) at the four different positions shown in the grid.  

      Draw in both the radial and axial components of the electric field E at the four positions with blue ink.  Now consider the force on the electron.  Draw in both the radial and axial components of the force F using red ink.

2.  Referring to the graph of speed vs. position shown on page 4 along with the axial component of F, is the axial component of the velocity for each of the four positions of the electron relatively large or small?  Indicate (by writing in the appropriate letter in the boxes) in row one whether the axial component of the velocity is large (L) or small (S) for each region.

3.  Based on your responses to number two above, is the relative time that the electron spends in each region large or small?  Write in the appropriate letter in the boxes of row two.

4.  Does the electron converge of diverge (moves closer or farther to the central axis of the grid) in each of the four regions of the grid?  Look at the radial component of the force F.  Complete row three.

5.  Finally, based on your responses to rows two and three, what is the net affect on the electron in the two halves of the grid?  Complete row four.   
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