25 An electron and a positron are released from (0, 0, 0) and (0, 0, 1.5R)
respectively, in a uniform magnetic field B = Boi, each with an equal

momentum of magnitude p = eBR. Under what conditions on the
direction of momentum will the orbits be non-intersecting circles?

K Thinking Process

The circles of the electron and a positron shall not overlap if the distance between the
two centers are greater than 2R

. Since, B is along the x-axis, for a circular orbit the momenta of the two particles are in the

y-Z plane. Lel p and p, be the momentum of the electron and positron, respeclively. Both

raverse a circle of radius R of opposite sense. Let p, make an angle 8 with the y-axis p,
musl make the same angle.

The centres of the respective circles must be perpendicular to the momenta and at a
distance R. Let the centre of the electron be at C,, and of the positron at C, . The coordinates
ofC, is

C. =(0.-Rsin®, A cos B)
The coordinates of C,, Is

Cp E(O.~RsinB.2§H—HcosB}

The circles of the two shall not overlap if the distance between the two centers are
greater than 2R.
Letd be the distance betweenC, and C, .

Letd be the distance betweenC, andC, . ,

Then, a2 = (2Rsine)’ + (SR —2Rcos a]
2

= 4R%sin’ 0 + QT R - 6R? cos © + 4R°cos? 0

= 4R? + %Rz - B6R%cos @
Since, d has to be greater than 2R

d? > 4R?
= 43%%92—69%05%492
= E;. 6cos B
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