Charge-to-Mass Ratio of the Electron
[bookmark: _GoBack]Part 1: Theoretical Derivations

Note:  At the appropriate points (A – D) below, write the necessary algebraic equations to complete the derivation that follows.   Your goal is to arrive at the given final equation (7).

We can calculate the q/m ratio by considering the two types of motion that the electron undergoes in this experiment.  First, the speed  of the electrons as they leave the electron gun depends upon the strength of the high voltage accelerating potential , as well as on their mass  and charge .  By convention, we define e to be the magnitude of the charge of the electron.  

A. On the blank line below, write the conservation of energy equation that relates the potential energy lost to the kinetic energy gained by the electron as it moves through the accelerating potential.  Use the following variables:  .
__________________________   (1)

Second, when the electrons feel the magnetic field, their motion is governed by force:
                        (2)
for  perpendicular to the electron’s motion. This  is perpendicular to the direction of the electron’s motion, something very familiar from circular motion. Thus its deflection force depends upon its charge and velocity, and on the applied magnetic field.

The last ingredient to the description of this motion is that we can quantify the curved motion of the electron as it bends due to the deflection force, which is equal in magnitude to the centripetal force the electron experiences as it moves around a circle of radius r.

B.  In the blank space below, complete the equation by entering the formula for the centripetal force in terms of the following variables:  .
 ____________________  (3)

C. Next, solve the previous equation (3) for the speed of the electron.  Enter your algebraic result in the blank space below, in terms of the variables:  .
 _____________________________  (4)
D. Finally, plug your speed v from equation (4) into your earlier equation (1), and solve for the desired charge-to-mass ratio.  Show your work, and enter your final result on the line below.
From equation 1


 ______________________________  (5)

This last equation (5) allows us to make measurements of , which we will then compare to the accepted value obtained by more modern experiments. The cyclotron radius r is measured using a ruler mounted directly behind the circulating beam of electrons.  The accelerating potential  is read off of the display of the high-voltage power supply.  And the magnetic field B (in Tesla) is calculated from the current I (in Amps) supplied to the Helmholtz coils, using the provided calibration:

   (6)

With three measured quantities (r, Vgun, B), we have to get creative in order to find the desired ratio from a graphical method.  If we rearrange equation (5) into the linear form , where the charge-to-mass ratio plays the role of the slope, then we will have a recipe for which combinations of variables to plot on the x and y axes.  We choose to treat  as the independent variable, and to see what combinations of the other two variables are necessary to create circular motion with certain predetermined radii (e.g., 2.0cm, 2.5cm, 3.0cm, etc.). We will further split the experiment into two parts, treating each of the remaining parameters (Vgun, B) as a control variable while varying the other.  The resulting linear equation is:
   (7)

Therefore, if we graph the quantity  on the x-axis, and  on the y-axis, then the resulting slope will be our experimental value of .
Part 2
Procedure 1:  Constant Accelerating Potential

Your lab partner has already run both parts of the experiment for you, taking pictures of each trial and recording basic numerical results in the tables below.  The pictures are provided in the file Data Collection – Q-M Ratio of the Electron.pdf.  The rest of the analysis is up to you.

In the first part of the experiment, the accelerating voltage Vgun was held constant while increasing the Helmholtz current I.  For safety, these parameters were always kept below 350 V and 2 A, respectively.  Starting from the largest radius r that could be measured within the bulb, the radius was decreased by 1.0 cm at a time until five data points had been collected.

Based on the measurements provided in Data Table 1 below, use equations (6) and (7) to fill in the remaining blanks in the table.  Use the last two columns to create an X-Y Scatter chart in Excel, with the appropriate values on each axis.  Add a trendline with no 
y-intercept, and the equation displayed on the chart.  We expect the slope to be extremely large, so you will need to right-click on the equation, select Format Trendline Label, and choose Scientific format with at least 2 decimal places.  Be sure to include the resulting graph with trendline and equation in your lab report.

DATA TABLE 1

Constant accelerating voltage:  Vgun = ___145 V____

	Cyclotron radius r
(m)
	Helmholtz current I
(A)
	Magnetic 
field B
(T)
	Graph x-axis:
r2
(m2)
	Graph y-axis:
2Vgun/B2
(V/T2)

	0.07
	0.83
	0.0005727
	0.0049
	884185995

	0.06
	0.99
	0.0006831
	0.0036
	621483248.6

	0.05
	1.19
	0.0008211
	0.0025
	430136100.6

	0.04
	1.48
	0.0010212
	0.0016
	278084245.8

	0.03
	1.97
	0.0013593
	0.0009
	156952184.3



Measured slope (with units):		e/me = __________________ 
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Procedure 2:  Constant Helmholtz Current

In the second part of the experiment, the Helmholtz current I was held constant while decreasing the accelerating voltage Vgun.  Starting from the largest radius r that could be measured within the bulb, the radius was decreased by 1.0 cm at a time until five data points had been collected.

Based on the provided in Data Table 2 below, use equations (6) and (7) to fill in the remaining blanks in the table.  Use the last two columns to create an X-Y Scatter chart in Excel, with the appropriate values on each axis.  Add a trendline with no y-intercept, and the equation displayed on the chart.  We expect the slope to be extremely large, so you will need to right-click on the equation, select Format Trendline Label, and choose Scientific format with at least 2 decimal places.  Be sure to include the resulting graph with trendline and equation in your lab report.

DATA TABLE 2

Constant Helmholtz current:  I = _______1.33 A___________

Corresponding Magnetic Field:  B = _______0.0009177_____________

	Cyclotron 
radius r
(m)
	Accelerating
Voltage Vgun
(V)
	Graph x-axis:
r2
(m2)
	Graph y-axis:
2Vgun/B2
(V/T2)

	0.07
	351
	0.0049
	833557663.6

	0.06
	261
	0.0036
	619824929.4

	0.05
	186
	0.0025
	441714317.5

	0.04
	121
	0.0016
	287351787.2

	0.03
	70
	0.0009
	166236571.1



Measured slope (with units):		e/me = __________________ 




Questions

I.  Expectations

1. What is the accepted value for the charge of the electron, in Coulombs?

2. What is the accepted value for the mass of the electron, in kilograms?


3. What is the accepted value for the charge-to-mass ratio of the electron?


II.  Methodology

4. Imagine that it’s 1897 and you are J.J. Thomson, performing this experiment to prove that cathode rays are actually charged subatomic particles that we now call electrons.  Describe in detail the experimental design and how each piece of equipment and each step in the process helps you to determine the charge-to-mass ratio of these newly-discovered particles.  (Do this in your own words.)

The setup for determining the charge to mass ratio of electron is as shown below.
[image: ]
Particles in the cathode deviate from the path in the presence of both a magnetic field and an electrical field. Particles with a greater charge magnitude and lighter in mass experience greater interaction with electrical or magnetic field thus a larger deviation. Deviation is therefore, inversely proportional to the mass of the particle. Deflection of the particle from its path is proportional to electrical and magnetic field strength present. 
In the presence of electric field, the deviated electrons hit a particular point of the cathode ray tube. Similarly, in the presence of magnetic field, the particles are deviated from their path and hit a particular point on the discharge tube. To make the electrons flow on the same path, there is need to balance electric and magnetic field. 
Based on deflection of the electron the charge to mass ratio is obtained as 


III.  Analysis

5. How well do your results from Data Tables 1 and 2 match with the accepted charge-to-mass ratio?  Quantify your comparisons in two ways:

a. Calculate the percent error for each of your measured values.


For table 1: 

For table 2: 




b. Have you determined the charge-to-mass ratio of all electrons in the Universe?  Or just the ones you studied in your experiment?  Explain your reasoning.

Yes, because all electrons are the same in mass and charge. 










   

4.9000000000000007E-3	3.5999999999999999E-3	2.5000000000000005E-3	1.6000000000000001E-3	8.9999999999999998E-4	884185995.04874146	621483248.63695335	430136100.55015749	278084245.79486763	156952184.28433558	


    

4.9000000000000007E-3	3.5999999999999999E-3	2.5000000000000005E-3	1.6000000000000001E-3	8.9999999999999998E-4	833557663.6490097	619824929.3800329	441714317.48921883	287351787.18384665	166236571.09809312	




2

image1.png
=

gy i'/
g





Charge


-


to


-


Mass Ratio of the Electron


 


Part 1: 


Theor


etical Derivations


 


 


Note:


  


At the appropriate points (A 


–


 


D


) below, write the necessary algebraic equations 


to complete the derivation that follows.   Your goal is to arrive at the given 


final 


equation 


(


7


).


 


 


We can calculate the 


q


/m ratio by considering


 


the


 


two types of motion that the electron 


undergoes in this e


xperiment


.  First, 


the 


speed


 


??


 


of the electrons as they leave 


the 


electron gun depends upon the strength of the high voltage 


accelerating potential


 


??


??????


, 


as 


well as 


on their 


mass 


??


??


 


and charge


 


??


=


-


??


.


 


 


By convention, we define 


e


 


to be the 


magnitude of the charge of the electron.  


 


 


A.


 


On the blank line below, w


rite the conservation of energy equation that relates the 


potential energy lost to the kinetic energy gained by the electron as it moves 


through the accelerating potential.  


U


se the following variables


:


  


??


,


??


??????


,


??


??


,


??


.


 


____________


 


??


 


??


??????


=


1


2


 


??


??


??


2


______________


   


(1)


 


 


Second


, when the electron


s


 


feel the magnetic field, 


their


 


motion 


is 


governed by force


:


 


            


?


??


?


??????


?


=


?


??


??


?


×


??


?


?


?


=


??????


   


         


(2)


 


for


 


??


?


?


 


p


erpendicular to the electron’s motion. This


 


??


?


??????


 


is 


perpendicular to the direction 


of the electron’s motion, something very familiar from circular motion. Thus its 


deflection force depends upon its charge


 


and


 


velocity, and 


on the applied 


magnetic field


.


 


 


The last ingredient to the description of this motion is that we can quantify the curved 


motion of the electron as it bends due to the deflection force


, which


 


is equal in magnitude 


to the 


centripetal


 


force 


the


 


electron 


experience


s as it moves around a c


ircle of radius 


r


.


 


 


B.


 


 


In the blank space below, 


complete the equation by entering the formula for the 


centripetal force in terms of the following variables:  


??


,


??


??


,


??


.


 


??


??????


=


??????


=


 


??


??


??


2


??


_______


_


____________


  


(3)


 


 


C.


 


Next, solve the previous equation (3) for the speed of the electron.  Enter your 


algebraic result in the blank space below, in terms of the variables:  


??


??


,


??


,


??


,


??


.


 




Charge - to - Mass Ratio of the Electron   Part 1:  Theor etical Derivations     Note:    At the appropriate points (A  –   D ) below, write the necessary algebraic equations  to complete the derivation that follows.   Your goal is to arrive at the given  final  equation  ( 7 ).     We can calculate the  q /m ratio by considering   the   two types of motion that the electron  undergoes in this e xperiment .  First,  the  speed   ??   of the electrons as they leave  the  electron gun depends upon the strength of the high voltage  accelerating potential   ?? ?????? ,  as  well as  on their  mass  ?? ??   and charge   ?? = - ?? .     By convention, we define  e   to be the  magnitude of the charge of the electron.       A.   On the blank line below, w rite the conservation of energy equation that relates the  potential energy lost to the kinetic energy gained by the electron as it moves  through the accelerating potential.   U se the following variables :    ?? , ?? ?????? , ?? ?? , ?? .   ____________   ??   ?? ?????? = 1 2   ?? ?? ?? 2 ______________     (1)     Second , when the electron s   feel the magnetic field,  their   motion  is  governed by force :                ?? ?????? = ?? ?? × ?? = ??????               (2)   for   ??   p erpendicular to the electron’s motion. This   ?? ??????   is  perpendicular to the direction  of the electron’s motion, something very familiar from circular motion. Thus its  deflection force depends upon its charge   and   velocity, and  on the applied  magnetic field .     The last ingredient to the description of this motion is that we can quantify the curved  motion of the electron as it bends due to the deflection force , which   is equal in magnitude  to the  centripetal   force  the   electron  experience s as it moves around a c ircle of radius  r .     B.     In the blank space below,  complete the equation by entering the formula for the  centripetal force in terms of the following variables:   ?? , ?? ?? , ?? .   ?? ?????? = ?????? =   ?? ?? ?? 2 ?? _______ _ ____________    (3)     C.   Next, solve the previous equation (3) for the speed of the electron.  Enter your  algebraic result in the blank space below, in terms of the variables:   ?? ?? , ?? , ?? , ?? .  

