9.4   From Ideas to Implementation   


Focus 1.   Increased understandings of cathode rays led to the development of television
*The general formula sheet contains equations you may need

Part A:   Multiple choice questions   ( select the most correct answer )

1a.   A cathode ray is

A. a stream of positive particles

B. a stream of negative particles

C. identical to light rays

D. is made up from radioactive particles

b.   




Charged electric plate


Cathode ray











         Anode




       Cathode ray tube

     In the above diagram the cathode ray will 

A. stream straight through

B. turn into the anode and be conducted away

C. curve towards the lower plate

D. curve towards the upper plate

c.



Cathode ray



As the above cathode ray enters the space between the two magnets it will

A. proceed straight through

B. curve down towards the north pole

C. curve into the page

D. curve out from the page

2a.   Soon after cathode rays were discovered, there was an intense debate as to whether they were

A. identical to light

B. waves or particles

C. dangerous

D. hot or cold

b.   Hertz, in 1895, demonstrated that cathode rays could pass through a thin metal foil. This

A. was used as proof for the particle nature of the rays

B. proved the particle nature of the foil

C. demonstrated that cathode rays are radioactive

D. demonstrated the wave nature of the rays

c.   The fact that cathode rays can cause objects to become charged

A. is an indication of the particle nature of the rays

B. demonstrates the possibility that the rays are electromagnetic waves

C. demonstrates the positive nature of the rays

D. shows that all matter is made up from positive and negative charges

3a.   






X


     The region X in the above diagram will most likely be occupied by

A. charged particles

B. magnetic field lines

C. electric field lines

D. anode rays

b.   





B











e-





      electron


       As the electron moves into the above 0.5 T magnetic field with a velocity of 1.2 x 103 m/s it will be subject to a force. If the charge on the electron is – 1.6 x 10-19, the force being exerted on it will be

A. 9.6 x 10-17 N

B. 3.8 x 10-16 N

C. 3.8 x 10-17 N

D. 9.6 x 10-16 N

c. 





B







       30o




        A tiny piece of dust with a mass of 2.5 x 10-5 kg, enters the 0.2 T magnetic field with a velocity of 2.2 m/s at an angle of 30o to the field lines. If the dust receives a force of 2.5 x 10-3 N, what is the value of the charge on the dust?

A. 1.4 x 10-3 C

B. 1.1 x 10-3 C

C. 1.1 x 10-2 C

D. 3.7 x 10-2 C

4a.   





     The above diagram displays a positive point charge. This charge

A. has a field strength around it that decreases with distance away from it

B. has field lines pointing in towards the charge

C. will have no effect on a nearby charge because it is too small

D. represents an electron

b.   


    These two charges are close to each other. They will have

A. no effect on each other because they are opposites

B. connecting magnetic field lines

C. field lines that push each other away

D. connecting electric field lines

c. 





P


Z







K


     Position P is half way between the two charged plates. At P

A. the field lines are moving up and a negative charge would move up

B. the field lines are moving down and there would be a smaller force on a charge at P than on Z

C.   the electric field strength is determined by the value of a charge at P

D.   the field lines move down and the field strength at P is determined by the distance between the plates


5a. 
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     From the above equation, which of the following correctly represents the symbols?





E


V

d




A.   

electric field

velocity
length of the plates

B.   

magnetic field

voltage

distance between plates


C.   

energy


velocity
distance from the plate


D.


electric field

voltage

distance between plates



b.   What is the field strength between two charged plates where the potential difference is 25 V and they are 50 cm apart?

A. 50 V/m

B. 0.5 V/m

C. 2.0 V/m

D. 12.5 V/m

c.   Determine the distance between two charged plates if the potential difference is 100V and the field strength is 5000 V/m.

A. 2 x 10 2 cm

B. 2 x 10 –2 m

C. 5 x 10 –5 m

D. 5 x 10 –3 cm

6a.   J. J. Thomson’s experiment to determine the charge to mass ratio of cathode rays was carried out in

A. 1790

B. 1820

C. 1897

D. 1920

b.   J. J. Thomson’s experiment to determine the charge to mass ratio of cathode rays involved a cathode ray gun and

A. a magnetic and electric fields to balance the beam

B. a magnetic field only to bend the ray up to measure the curve

C. an electric field only to bend the ray up to measure the curve

D. an accelerator anode to speed up the cathode rays so their momentum could be measured

c.   J. J. Thomson found that the q/m ratio for cathode rays was 1800 times greater than that for hydrogen ions. From this information he predicted that

A. cathode rays have a mass 1800 times greater than hydrogen

B. hydrogen has a mass 1800 times greater than cathode rays

C. cathode rays move 1800 times faster than hydrogen in vacuum tubes

D. hydrogen ion’s momentum is 1/1800 of the momentum of a cathode ray

7a.   In a cathode ray tube with a high potential difference, the cathode 

A. produces anode rays which in turn cause cathode rays

B. sends a stream of electrons out at right angles to the surface

C. adsorbs the cathode rays sent out by the anode

D. bends the cathode rays as they pass by

b.   




Charged electric plate


Cathode ray





      Cathode ray tube

     In the above diagram the cathode ray will be bent

A. down by the charged plates

B. up by the charged plates

C. into the page by the charged plates

D. out of the page by the charged plates

c.   Zinc sulphide is a common fluorescent material used in cathode ray tubes. This material

A. has a natural ability to phosphoresce in the dark

B. absorbs cathode rays and sends out streams of atoms as it fluoresces 

C. converts the energy in the cathode rays into electromagnetic energy

D. is mildly radioactive hence the reason for the fluorescence

8a.   A cathode ray tube can be turned into an oscilloscope with the addition of

A. some electronic devices to sweep the electron beam across the screen

B. an electron gun

C. a vacuum inside the tube

D. an anode

b.   While cathode ray oscilloscopes are similar to televisions, a major difference is

A. that the television has an electronic system to turn the electron beam

B. cathode ray oscilloscopes use electric fields and televisions use magnetic fields to turn the beam

C. oscilloscopes are far more complex

D. televisions use a special type of anode beam to help produce the image

c.   Electron microscopes were invented in 1931 and today are a very important tool for examining small objects well outside the resolving power of light microscopes. The main reason that electron microscopes have a greater resolving power than light microscopes is that

A. the electrons can be accelerated to reduce the wavelength

B. they operate in a vacuum

C. that the cathode ray beam has a longer wavelength than light

D. the electron beams are less affected by air than light, so there is less dispersion

Part B:   Short Answer Questions

   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when
1a.   What is a cathode ray? ____________________________________________________________________

b.   Name two ways a cathode ray can be bent. 1.__________________________________________________________________2.__________________________________________________________________

c.   Briefly describe the direction that the cathode ray will bend in each of the above examples. 1.______________________________________________________________________________________________________________________________________2.______________________________________________________________________________________________________________________________________

2a.   Describe two properties of cathode rays 1.__________________________________________________________________2.__________________________________________________________________

b.   When cathode rays hit objects they tend to leave a negative charge. Is this consistent with the particle or electromagnetic nature of the ray? Explain your answer. ________________________________________________________________________________________________________________________________________

c.   Describe some particle and wave properties of cathode rays that originally fuelled the debate over which model was right. What did scientists eventually agree to as an explanation of these inconsistencies? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   What is a “charged plate”? ____________________________________________________________________

b.   Describe two features of an electric field. 1.__________________________________________________________________2.__________________________________________________________________

c.    Draw a pair of oppositely charged plates 3 cm from each other and each 5 cm long. Then, fully label the diagram including the field line directions and charges on each plate. Compare the electric field strength at various points in and around the plates. 


4a. 



F  =  qvB sin θ


What do each of the symbols mean in the above equation?


F. ___________________________


q. ___________________________


v. ___________________________


B. ___________________________


θ. ___________________________

b. 





           X






B






X has a mass of 0.12 g, a charge of  +1.5 x 10-5 C and is moving at right angles with a speed of 13 m/s into a 0.5 T magnetic field. Calculate the size and direction of the force on the mass. 









c. 





B








θ












Z


 Z has a mass of 12 g, charge of -2.7 x 10-2 C and is entering the 2.2 T magnetic field with a velocity of 74 m/s. If there is a 2.2 N force being applied by the field, determine the angle of entry θ and the direction the charge is being forced to move in.

5a.   Draw the field line directions around the following positively charged particle.


b.   Draw the field line directions around the following two positively charged particles.


c.   1.







   W

X







   d









2d

 
Compare the field strengths at W and X. ____________________________________________________________________


2.

 




K

P


Z





Compare the field strengths at K, P and Z in the above diagram. ________________________________________________________________________________________________________________________________________

6a.   
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What do each of the symbols represent in the above equation?


E. _______________________


V. _______________________


d. ________________________

b.   





X













Calculate the strength of the field at X inside a capacitor charged to 1.5 kV with the plates 2 cm apart. 

c.   A capacitor takes 30 seconds to fully charge at 40 V per second. What is the distance in centimetres between the fully charged plates if the field strength is 2.4 x 104  V/m?

7a.   What is the charge on an electron? ____________________________________________________________________

b.   Briefly describe how J. J. Thomson carried out his famous charge to mass ratio experiment. ________________________________________________________________________________________________________________________________________

c.    The q/m ratio for the electrons was 1800 times greater than for hydrogen ions. What did this indicate about the relative properties of electrons and hydrogen ions? ____________________________________________________________________________________________________________________________________________________________________________________________________________

8a.   What do the electrodes in an electron gun do when subjected to a high voltage? ____________________________________________________________________

b. Name one fluorescent material and describe how it works. ________________________________________________________________________________________________________________________________________

c.    What is the purpose of an electric field in a cathode ray tube? How does it work? ____________________________________________________________________________________________________________________________________________________________________________________________________________

9a.   Briefly describe how cathode rays are generated in cathode ray tubes. ____________________________________________________________________

b.   How are cathode rays controlled in an oscilloscope? ________________________________________________________________________________________________________________________________________

c.   Describe the role of cathode rays in electron microscopes. Name one disadvantage and one advantage compared to traditional light microscopes.

____________________________________________________________________________________________________________________________________________________________________________________________________________

10a.   Describe some uses that were found for cathode ray tubes in the year that Julius Plucker (1862) first displayed cathode rays in one of Geissler’s vacuum tubes.  ________________________________________________________________________________________________________________________________________

b.   Describe as many uses as you can for cathode ray tubes (or hybrids) today. ____________________________________________________________________________________________________________________________________________________________________________________________________________

c.   Name some other basic discoveries that have moved on to be of great significance in society. ____________________________________________________________________________________________________________________________________________________________________________________________________________

Part C:   Compulsory Practicals and Research Activities

   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when needed

1a.    What does air do to charged particles? ____________________________________________________________________

b.   What happens to cathode rays in glass tubes at atmospheric pressure? ________________________________________________________________________________________________________________________________________

c.   Describe an activity to investigate the effect that varying levels of air pressure has on cathode rays in glass discharge tubes. ____________________________________________________________________________________________________________________________________________________________________________________________________________ 

2a.   Name two properties of cathode rays. 1.__________________________________________________________________2.__________________________________________________________________

b.   What property of cathode rays can be demonstrated by the famous maltese cross in the discharge tube? ________________________________________________________________________________________________________________________________________

c.   Detail the effect that magnetic and electric fields have on cathode rays. ____________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   Rearrange the following equation to make “v” the subject.



F  =  qvB sin θ





v  =  


b.   Two charged plates are 15 cm apart with a field strength of 3.4 V/m in between. Calculate the potential difference across the plates.

c.   A particle with a charge of +1.6 C enters a 51.6 T magnetic field at right angles to the field lines and is subjected to 58 N of force. Calculate the velocity of the particle relative to the field.

4a.   What is a point charge? ____________________________________________________________________

b.   A photocopier uses an aluminium drum coated with selenium. What is the reason for having the selenium present? ____________________________________________________________________________________________________________________________________________________________________________________________________________

c.   How does the toner become imprinted onto the paper in a photocopier? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   




e

Describe what will happen to this electron as it enters the magnetic field. ____________________________________________________________________

b.   Outline the purpose of magnetic fields in television tubes. ________________________________________________________________________________________________________________________________________

c.   How does the image appear on a television screen? ____________________________________________________________________________________________________________________________________________________________________________________________________________

Focus 1    Answers

Part A


a
b
c

1.
B
D
C

2.
B
D
A

3.
C
A
C

4.
A
D
D

5.
D
A
B

6.
C
A
B

7.
B
B
C

8.
A
B
A

Part B
1a.   A cathode ray is a stream of electrons.

b.   Put the beam through 1. an electric field or 2. a magnetic field

c.    1.  Electric field:   the negative beam moves towards the positive plate


2.   Magnetic field:   the beam will move at right angles to the field lines (use the RH rule)

2a.    Negative charge, very small mass, forms cathode rays, can be bent by magnetic or electric fields.

b.   Particle nature. This is because the rays are considered to be streams of electron particles that charge up objects when they hit them.

c.   Wave:  Could move through thin foil, wavelength decreases as speed increases, fluorescence of some chemicals that are radiated by cathode rays.


Particle:  Leaves negative charge on objects, can be bent by fields, stopped by thicker foils.

3a.   Two plates close to each other with a potential difference (voltage) between them.

b.    1.   Contains lines of force

2.   Moves positive charges towards the negative plate and vice versa.


3.   Can apply forces to magnetic fields or charged particles


4.   Strength decreases as distance increases from a point source


c.   












    Z


  X
    Y






The field strengths at X and Y will be approximately the same, but at Z it will be less due to the lower flux density.

4a.   F  =  force


q  =  charge on particle


v  =  velocity relative to the field


B  =  magnetic field strength


θ =  angle of motion to field lines

b.   

F  =  qvB sin θ


= 1.5 x 10-5 x 13 x 0.5 x sin 90


=  9.8 x 10-5 N   The force is curving the charge out of the page.

c.         sin θ  =  
[image: image5.wmf]qvB

F



=  2.2 / (2.7 x 10-2 x 74 x 2.2)


=  0.50

      θ =  30o to the field lines

The charge is forced to move out of the page

5a.   










b.   






c.    1.   W will be four times the strength of X.


2.   K and P should theoretically be exactly the same and Z less.

6a.   E  =  electric field strength


V  =  potential difference between the plates


d  =  distance between the plates

b. 
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=  1500 / 0.02


=  7.5 x 104 V/m

c.          
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=  1200 / 2.4 x 104

=  5.0 x 10-2 m


=  5 cm   gap between the charged plates

7a.   e  =  -1.6 x 10-19 C

b.   He sent a cathode ray through a set of magnetic and electric fields. By balancing one against the other and keeping the ray straight, he could compare the equations for the two fields and end up with a q/m ratio for electrons.

c.   This indicated that the electrons where only 1/1800 the mass of a hydrogen ion (proton). It also could have indicated that the charge on an electron is 1800 times greater than a hydrogen ion! This latter one was later disproved.

8a.   They produce cathode rays (electrons) from the cathode.

b.   Zinc sulphide, phosphorus. As the energetic electrons from the cathode ray strike the atoms, the energy is absorbed by electrons jumping up to new orbits. Almost immediately they fall back to their original orbital releasing this extra energy in the form of light, hence fluorescence.

c.   The electric field comes from charged plates on either side of the cathode ray tube. The cathode rays are controlled with the field bending them as they move through it. The field strength is varied to increase or decrease the curvature. 

9a.   A high voltage placed across the cathode and anode causes electrons to jump out of the cathode at right angles to the surface.

b.   Cathode rays are controlled by using two pair of deflection plates (electric or magnetic) at right angles to each other. One pair controls the vertical motion and the other the horizontal.

c.   Cathode rays can be accelerated to high speeds in the electron microscope to produce short wavelengths. These short wavelengths give 1,000,000 times the resolution of light microscopes. 


Disadvantage:   observation of the specimen has to be done in a vacuum, specimens are dead, very expensive to manufacture.


Advantages:   extreme resolution, scanning electron microscopes have photographed rows of atoms!

10a.   Except for intense research, there were no domestic or industrial uses then.

b.   T.V., laboratory oscilloscopes, medical monitoring, closed circuit monitoring,  a range of electron microscopes, car motor tuning.

c.   Radio, penicillin, rockets, mobile phones, transistors, PCs, photography, telephone, microwaves.

Part C
1a.   Air tends to absorb charged particles and therefore restrict their movement.

b.   The air stops them as soon as they leave the cathode. A blue glow, indicating excited atoms in the air, can be seen around the cathode.

c.   Set up the discharge tube apparatus with the varying pressures in successive tubes. In turn, connect the electrodes on each tube to a high voltage and record the results. The lower the pressure the more coloured striations that appear. Look for Crooke’s and Faraday’s dark spaces.

2a.   Charged particles (electrons),  can be deflected by magnetic or electric fields, they cannot penetrate thick solids, high speeds.

b.   The maltese cross casts a shadow on to the end of the tube indicating that the cathode rays are absorbed by solids

c.   Electric fields:   cathode rays bend towards the positive plate.


Magnetic fields:   cathode rays turn at right angles to the field (use the RH rule)

3a.   

v  =  
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qB
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b.   


V  =  Ed


=  3.4 x 0.15


=  0.51 V

c.


v  =  
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F



=  58 / 1.6 x 51.6


=  0.70 m/s

4a.   The density of charges is always greatest at the sharp points. This is called a point charge.

b.   The selenium is photoconductive. This means that a charge will stay on a spot on the selenium until a light is shone on it, then it leaks away. Therefore an electrostatic “latent” image can be impressed onto the drum.

c.   The toner (powdered carbon) is attracted to the latent electrostatic image that had been impressed on the selenium drum. Paper is slightly charged and pressed onto the drum transferring the toner to the paper. The toner is “set” on the paper by heat from the rollers.

5a.   A force will curve it out of the page.

b.   There are two sets of magnetic fields in a television tube. One changes the vertical motion and the other the horizontal.

c.   The magnetic fields sweep the cathode ray in zig zags across the screen. The cathode ray intensity is varied during the “sweeping” to transfer the image onto the light sensitive inner edge of the screen.
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