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Physics 205L
Charge-to-Mass Ratio of an Electron

Name: Ali Alawieh				Section number: 5

Partner’s Name: Riwa Sabbagh		 Instructor: Lamis Zaidouny

A- DATA:
Number of turns in a coil:  65 Turns
	D
	65.7
	65.6
	66.0
	65.5
	65.6

	d
	34.5
	34.2
	34.3
	34.6
	34.8

	I1 (A)
	0.442
	0.449
	0.441
	0.446
	0.443



Average diameter of the Helmholtz coils: 65.7 ± 0.1 (cm)
 Average diameter calculation and its error:











Average separation of the coils: 34.5 ± 0.1 (cm)
 Average seperation calculation and its error:



Average value of I1 = 0.444  ± 0.001 (A) 
 Average I1 calculation and its error:



Accelerating voltage: 23 ± 0.5 (V) 
[ error = lowest digit/2 when using an analog device]

Plot 1/R vs. B and calculate, using linear regression, the slope  of the line.
Determine from the slope the value of e/m with its associated error. (Hint: it is best if you use EXCEL, or some other similar program, to fill your table)


Using the following formulas, we derive the ratio e/m in function of V, R and B:
Fm = evB      
Fm = evB=mv2/R   
½ mv2=eV       

For B: 


This gives: 


The error on this ratio is calculated by propagation of error:


So this gives:





Repeat your measurement with a different accelerating potential: 21 ± 0.5 (V)
 


 

For B: 


This gives: 


The error on this ratio is calculated by propagation of error:


So this gives:





Combine your two measurements and Compare your final value of e/m to the literature value. Comment.
The final value of the ration e/m is:

For its error we use the propagation of error on the preceding formula since we have no enough values to calculate the standard deviation and the rms error:





So, 
If we look at the theoretical value of this ration:

Consequently we find that this value lies within the range
 That is :

So the real value is within an acceptable range of error that is 2α which mean that our measure is to a certain extent accurate.

In your determination of e/m, the errors on d, I1 and D were not taken into consideration. How would these errors contribute to your final results? 


During the calculation of the slope and the values of B and I, we neglected the errors on their components that include R, d and I1 where  This ignorance of the errors on D, d and I1 which for sure affects the final result in terms of errors, where their errors should add up to the final result and the final error will be higher than the one obtained, so the error would be more and the precision less.




Looking down at the coils, their magnetic field is (out of) o r ( into) the coils. Check one. 

Since F=IlBsina, the direction of F, I and B is governed by the right hand rule.
In our case,
I is downward toward the lower part of coils against electron flow.
Electrons are deflected toward the right so the force is toward the left since they are negatively charged.
So by right hand rule:
Therefore, the magnetic field is directed into the coils.


Use the value of I1 to calculate the Earth’s magnetic field. Compare it to the literature value that may be obtained from the Internet or physics handbooks. What is the direction of the Earth’s magnetic field; into the floor or out of the floor?

We got from our measurements that : I1 = 0.444  ± 0.001 (A) 
And at this point we have no deflection what means that Bearth=Bcoils

Therefore, Bearth=Bcoils 
We calculate the error on this value using propagation of error ( see next page), and we get:
 which doesn’t lie in our range [B-2αB,B+2αB] what poses a high possibility of systematic and random errors that could be due the inaccurate viewing of the undeviated beam, the measurement of current, errors in instruments, in the number of coil turns , etc ….













Calculation of error on B:[image: ]
[image: ]
Concerning the direction of the earth magnetic field, we adjusted it so that the magnetic fields of coil and earth are on the same axis in a way that the magnetic field of the coils cancels the effect of earth magnetic field that’s why the earth magnetic field is opposite to that of coils in direction; that is, it’s out of the flour.
Why is it imperative to keep the tilt angle and the direction of the coils fixed during the experiment? 

To add accuracy to our measurements we had to subtract the effect of earth magnetic field from each measured we take by subtracting the value of I1. This method recommends that both the magnetic field of coils and that of the earth to be on the same axis so that we can easily subtract them and the deflection will be the only one caused by coils.
So, if we titl the angle and direction of coil then according to our formula : F=evBsinα, so the value of the angle must be considered here as well as in the subtraction of the value of earth magnetic field since we will end up with an angle difference in direction what recommends the use of vector calculus.
Therefore, changing the angle during the experiment will cause the changing values of B and F and will end up in much more effort and less accuracy.
1/R Vs B
Y-Values	y = 56299x + 2.82
R = 0.997
0.49000000000000032	0.41000000000000031	0.35000000000000031	0.30000000000000032	0.25	30.726900000000001	25.640999999999988	22.22219999999993	19.4175	17.391300000000001	B (10-3 T)
1/R     (1//m)
1/R Vs B
Y-Values	y = 64795x + 2.02
R = 0.999
0.46	0.38000000000000067	0.33000000000000085	0.29000000000000031	0.25	30.726900000000001	25.640999999999988	22.222199999999944	19.4175	17.391300000000001	B (10-3 T)
1/R     (1//m)
1

8

Microsoft_Office_Excel_Worksheet2.xlsx
Sheet1

		Measurement #		di (s)				Deviation di (s) 		deviation2 (s) ×10-5

		1		34.5				0.0		40.0

		2		34.2				-0.3		7840.0

		3		34.3				-0.2		3240.0

		4		34.6				0.1		1440.0

		5		34.8				0.3		10240.0

				d=		34.5				∑di2 ×10-5=		22800.0

		=						0.2

		α    =						0.1

		d   =						(34.5 ± 0.1) cm
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Measurement # Deviation di (s) 

1 -0.002

2 0.005

3 -0.003

4 0.002

5 -0.001

I= 0.444

∑di

2 

×10

-5

=

4.280

= 0.003

α    = 0.001

I   = (0.444 ± 0.001) A

0.441 1.024

0.446 0.324

0.443 0.144

I

1i 

(s) deviation

2

 (s) ×10

-5

0.442 0.484

0.449 2.304


Microsoft_Office_Excel_Worksheet3.xlsx
Sheet1

		Measurement #		I1i (s)				Deviation di (s) 		deviation2 (s) ×10-5

		1		0.442				-0.002		0.484

		2		0.449				0.005		2.304

		3		0.441				-0.003		1.024

		4		0.446				0.002		0.324

		5		0.443				-0.001		0.144

				I=		0.444				∑di2 ×10-5=		4.280

		=						0.003

		α    =						0.001

		I   =						(0.444 ± 0.001) A
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a= 56299.2r= 0.9972

b= 2.82

R I

2

(A) I(A) B(x)

B

2

(x

2

)

1/R (y) B/R(xy) V ei

ei

2

0.0325 3.261 2.817 0.00049 2.4E-07 30.7692 0.01496 30.1871 -0.5821 0.33886

0.0390 2.803 2.359 0.00041 1.7E-07 25.641 0.01044 25.7377 0.09663 0.00934

0.0450 2.452 2.008 0.00035 1.2E-07 22.2222 0.0077 22.3277 0.10547 0.01112

0.0515 2.201 1.757 0.0003 9.2E-08 19.4175 0.00589 19.8892 0.47176 0.22255

0.0575 1.906 1.462 0.00025 6.4E-08 17.3913 0.00439 17.0233 -0.368 0.13542

Sums 12.623 10.403 0.0018 6.8E-07 0.71729

N= 5

∆= 1.66E-07

α

a

2

= 7217966

α

a

= 2686.627

Using the calculator we get:

2 2

) (
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  

i i

x x N
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a
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N

N




Microsoft_Office_Excel_Worksheet5.xlsx
Sheet1

		Using the calculator we get:										a=		56299.18		r=		0.9972

												b=		2.82



		R		I2(A)		I(A)		B(x)		B2(x2)		1/R (y)		B/R(xy)		V		ei		ei2

		0.0325		3.261		2.817		0.0004861015		0.0000002363		30.7692307692		0.0149569698		30.1871169728		-0.5821137965		0.338856472

		0.0390		2.803		2.359		0.000407069		0.0000001657		25.641025641		0.0104376677		25.7376531554		0.0966275144		0.0093368765

		0.0450		2.452		2.008		0.0003465005		0.0000001201		22.2222222222		0.0077000107		22.3276928936		0.1054706714		0.0111240625

		0.0515		2.201		1.757		0.0003031879		0.0000000919		19.4174757282		0.0058871441		19.8892312819		0.4717555538		0.2225533025

		0.0575		1.906		1.462		0.0002522827		0.0000000636		17.3913043478		0.0043875256		17.0233102642		-0.3679940837		0.1354196456

		Sums		12.623		10.403		0.0017951417		0.0000006776										0.7172903592

												N=		5

												∆=		0.0000001656

												αa2=		7217966.2715113

												αa=		2686.6273041699
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a= 64795.6r= 0.9992

b= 0.928

R I

2

(A) I(A) B(x)

B

2

(x

2

)

1/R (y) B/R(xy) V ei

ei

2

0.0325 3.120 2.676 0.00046 2.1E-07 30.7692 0.01421 30.8487 0.07947 0.00632

0.0390 2.654 2.21 0.00038 1.5E-07 25.641 0.00978 25.6383 -0.0027 7.5E-06

0.0450 2.358 1.914 0.00033 1.1E-07 22.2222 0.00734 22.3287 0.10646 0.01133

0.0515 2.108 1.664 0.00029 8.2E-08 19.4175 0.00558 19.5334 0.11592 0.01344

0.0575 1.866 1.422 0.00025 6E-08 17.3913 0.00427 16.8276 -0.5637 0.3178

Sums 12.106 9.886 0.00171 6.1E-07 0.3489

N= 5

∆= 1.42E-07

α

a

2

= 4098915

α

a

= 2024.578

Using the calculator we get:

2 2
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i i
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Microsoft_Office_Excel_Worksheet7.xlsx
Sheet1

		Using the calculator we get:										a=		64795.6		r=		0.9992

												b=		0.928



		R		I2(A)		I(A)		B(x)		B2(x2)		1/R (y)		B/R(xy)		V		ei		ei2

		0.0325		3.120		2.676		0.0004617706		0.0000002132		30.7692307692		0.0142083249		30.8487004975		0.0794697283		0.0063154377

		0.0390		2.654		2.21		0.0003813576		0.0000001454		25.641025641		0.0097784		25.6382945066		-0.0027311345		0.0000074591

		0.0450		2.358		1.914		0.0003302798		0.0000001091		22.2222222222		0.007339552		22.3286804007		0.1064581785		0.0113333438

		0.0515		2.108		1.664		0.0002871398		0.0000000824		19.4174757282		0.0055755309		19.5333982167		0.1159224885		0.0134380234

		0.0575		1.866		1.422		0.0002453803		0.0000000602		17.3913043478		0.0042674838		16.8275650626		-0.5637392852		0.3178019817

		Sums		12.106		9.886		0.0017059282		0.0000006104										0.3488962456

												N=		5

												∆=		0.0000001419

												αa2=		4098915.47571392

												αa=		2024.5778512356
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Measurement # Deviation di (s) 

1 0.0

2 -0.1

3 0.3

4 -0.2

5 -0.1

D= 65.7

∑di

2 

×10

-5

=

14800.0

= 0.2

α    = 0.1

D   = (65.7 ± 0.1) cm

66.0 10240.0

65.5 3240.0

65.6 640.0

D

i 

(s) di

2

 (s) ×10

-5

65.7 40.0

65.6 640.0


Microsoft_Office_Excel_Worksheet1.xlsx
Sheet1

		Measurement #		Di (s)				Deviation di (s) 		di2 (s) ×10-5

		1		65.7				0.0		40.0

		2		65.6				-0.1		640.0

		3		66.0				0.3		10240.0

		4		65.5				-0.2		3240.0

		5		65.6				-0.1		640.0

				D=		65.7				∑di2 ×10-5=		14800.0

		=						0.2

		α    =						0.1

		D   =						(65.7 ± 0.1) cm
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Measurement # Deviation di (s) 

1 0.0

2 -0.3

3 -0.2

4 0.1

5 0.3

d= 34.5

∑di

2 

×10

-5

=

22800.0

d

i 

(s) deviation

2

 (s) ×10

-5

34.5 40.0

34.2 7840.0

34.3 3240.0

34.6 1440.0

34.8 10240.0

= 0.2

α    = 0.1

d   = (34.5 ± 0.1) cm


