Name____________________Box #____

Date_________________PER_________

AP Physics B - Mass Spectrometer Simulation

Introduction

A mass spectrometer is a scientific device that is used to accurately measure the mass of a charged particle such as an ion. The instrument consists of two parts. First, ions pass through a region of crossed electric and magnetic fields denoted E and B1, respectively.

The electric field is produced by a variable voltage source that can be adjusted to allow only those ions with a certain speed to pass through the region without being deflected.

Specifically, the speed of an undeflected ion is given by:
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This idea here is to understand that an electric field will push the ions towards the negative or positive plate inside the mass spec. We use a magnetic field to force the ion in the opposite direction that the plates would normally push it. Thus the electric force will be equal to the magnetic force, WHEN THE PARTICLE GOES STRAIGHT THROUGH THE PLATES.

Applying a VOLTAGE across a series of parallel plates sets up the electric field. 
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We will first need to determine the VOLTAGE that we need to cause the particle to go straight as shown in Figure 1 below. You will know you have succeeded when the message THE ION WAS UNDEFLECTED appears on the screen, record the corresponding voltage
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After loading the program and guessing the Voltage in area 1, calculate the ELECTRIC FIELD and then calculate the VELOCITY of the ion.

The following data are constants:

B1 = 0.20 Teslas
d = 0.03 meters
Voltage = __________________

Secondly, these ions enter the spectrometer's second part, a region where only a magnetic field, B2 (directed inward), is present. This field is usually called the analyzer field, and ions move in a circular path under its influence. The radius of this path depends on the particle's mass, speed, charge, and the magnitude of the magnetic field: This is shown in Figure two below.

[image: image3.wmf]1

1

1

,,

E

BBE

F

FqvBEFF

q

EqqvB

EvB

===

=

=

You need to determine the magnitude of the analyzer field required to cause the ion to enter the opening at the bottom of the detector. If the field you choose is too small, the ion will strike the detector box to the right of the opening (as shown in figure 2). If the field is too large, the ion will strike to the left of the detector opening. When the message THE ION HIT THE DETECTOR appears on the screen, record the corresponding value of B2  
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B2 = ___________________________

Using the following given quantities and your calculated velocity from region 1, determine the mass of the ion.

q = 1.6 x 10-19 C
r = 0.03 m

For each trial, the ion investigated was positively charged. Could the same spectrometer be used to determine the mass of a negatively charged ion without reversing the polarity of the voltage plates? Explain your answer.
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