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Question 1

Since the total 3-momentum is zero before and after the collision, all the kinetic energy can be converted into
rest energy, i.e., mass. Thus, each colliding particle must have a kinetic energy of at least T = mc? = 938
MeV.

An analysis similar to the case with the neutron initially at rest, but now with p,, = —p,, and E, = E, =
mc? + T, gives the same result.

Question 2
’LEé/C = sz = L4aL2,3Fa13 = L4iLQQEQ = —ZB’)’ . (—Bl) + ’YiEQ/C = Eé = ’)/(EQ + UBl)

iEy)c = Fjs = LigL3pFap = —iBvL3gFsg + vLspFup = —ifviBy - (—iEs/c) + 4% (iEs/c) = (i/c)y*Es(1 —
B%) =iF3/c = FE}=FE;

By = F3 = L3oL1gFop = L3oL11Fo1 = YBa + 187 - (iE1/c) = B =~(By— [E1/c)

Bé = F{Q = LiaLogFop = L1aFa2 = B3

Question 3

Energy conservation:

myc? = muc2 + T + pc,

ie.,
2 2
pc=mzpc” —myc” —T.

Here, pc is the energy of the neutrino. For the energy of the muon, we have both E,, = mﬂc2 + T and
Eﬁ = (muc2)2 + (pc)?, since the two created particles have equal absolute value p of the 3-momentum.

Thus,

(muc® +T)* = (muc?)? + (mac® —myc® —T)2

Some terms cancel, and we are left with

T (mg — mu)QCQI
2mg,

Question 4

a) ..holonomic. (B)

b) e333 =0 (E)

c) Js, i.e., the same unit as for angular momentum (A)
d) ..cyclic (E)

e) ay = —(0V/0x)/m = —2axy*/m = 0 on the y axis (where z = 0). a, = —(0V/dy)/m = —2azx?y/m =0
on the y axis. (A)



