Charged particles in a magnetic field Tutorial

a) “Crossed” electric and magnetic fields are perpendicular.
b) (o is called the permittivity and has a value of 4( x 10-7
c) The direction force in a magnetic field is given by the right hand rule.

d) A charged particle moving parallel to a magnetic field experiences a force of zero.
e) charged particles moving perpendicular to a magnetic field move in a circular path.
f) A mass spectrogram separates particles with the same velocity but different mass.
2) A particle carrying a positive charge of 1.6 x 10-19 C travels at 5 x 106 m s-1 and enters a magnetic field at an angle of 45o. The force experienced by the particle is 5 x 10-11 N

Calculate the magnetic induction required to produce this result.

F= qBv sin(
B = F/(q v sin() = 5 ( 10-11/(1.6 x 10-19 (5 ( 106 ( sin 45o)

B =  88.4 T

3) Inside a bubble chamber, a proton is injected at right angles to the direction of the magnetic field of magnetic induction 4T. The kinetic energy of the proton is 4.2 x 10-12 J.

Calculate the radius of the circle described by the track of the proton [mp = 1.67 x 10-27 kg)

r = mv/(qB)

Ek = ½ mv2
v2 = 2Ek /m

v = (2 ( 4.2 ( 10-12 / 1.67( 10-27)½ = 7.1 x 107 m/s

r = 1.67 (10-27 (7.1 x 107/(1.6 ( 10-19 ( 4)

r = 0.185 m
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A cyclotron has an oscillator frequency of 1.2 x 107 Hz and a maximum effective dee radius of 0.50 m. The sketch below shows the geometry of the cyclotron. The deflector plate is mounted at a maximum radius of 0.50 m and its purpose is to ensure that the charged particles exit successfully.  

a) Show that the frequency of rotation is given by f = qB/ (2(m)

In a charged particle moving in a magnetic field the force from the magnetic field F = qvB is the same as the force causing the circular motion F = mv2 / r

mv2/r = qvB

v = qBr/m

( = v/r = qB/m

f = (/2( = qB/(2(m)
b) The cyclotron is used to accelerate deuterons from rest. Calculate the magnetic induction of the magnetic field of the cyclotron, needed to accelerate the deuterons (A deuteron is an isotope of hydrogen, containing a proton and a neutron, with a mass of 3.34 x 10-27 kg).

f = (/2( = qB/(2(m)

B = 2(mf/q

    = 2( x 3.34 x 10-27 x 1.2 x 107 / 1.6 x 10-19
= 1.57 T
c) Calculate the kinetic energy of the emerging deuterons

The maximum velocity occurs when the deuterons have a radius of 0.5 m.

But r= mv/(qB)

So v = qBr/m
= 1.6 ( 10-19 ( 1.57 ( 0.5/(3.34 ( 10-27) 

= 3.76 ( 107 m/s

Ek = ½mv2 = 0.5 ( 3.34 ( 10-27 ( (3.76 ( 107)2 

= 2.36 ( 10-12 J
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