1. Quantum Mechanics (Fall 2004)

Two spin-half particles are in a state with total spin zero. Let fi, and i, be unit vectors in two arbitrary directions.
Calculate the expectation value of the product of the spin of the first particle along i, and the spin of the second
along n,. That is, if s, and s, are the two spin operators, calculate

<1/)|Sa : ﬁa Sp* ﬁb|w>

Hint: Because the state is spherically symmetric the answer can depend only on the angle between the two directions.



2. Quantum Mechanics (Fall 2004)

The van der Waals interaction between two neutral atoms is due to dipole-dipole interactions. Consider the following
simplified 1-D model. Each atom consists of a fixed nucleus of charge +e and electron of charge —e, bound by a
harmonic spring. Two such oscillators are a distance R (> size of the atom) apart. The Hamiltonian of the system
consists of the two harmonic oscillator terms plus a dipole-dipole perturbation.

(a) Write the perturbation part of the Hamiltonian.

(b) Calculate the correction to the energy of the unperturbed ground state. This is the van der Waals interaction
potential. (Hint: it should come out o 1/RS.)



3. Quantum Mechanics (Fall 2004)

A positron has the same mass m as the electron, but the opposite charge. Consider a set of states containing one
electron and one positron. A complete set of these states can be labeled |ry,r_), where ry and r_ are the positions
of the positron and electron, respectively. Normalize these states so that

<I'+, r_ |ril,-a I'/_> = 63(1‘:,- - r+) 53(1'/_ - I'_)
Then if the system is in any state |¢), the wave function is

'I/J(I'+, r*) = <I'+, r— |¢>
In this problem ignore spin.

(a) In terms of ¢ (ry,r_), what is the probability that at least one of the two particles is farther than a distance b
from the origin?

(b) Write down the Hamiltonian for this electron-positron system, including the electrostatic (Coulomb) interac-
tions between the two particles.

(c) Letr =ry —r_ and R = 1(r; + r_). Write the Hamiltonian in terms of the new coordinates and their
canonically conjugate momenta p and P.

(d) The bound electron-positron system is called positronium. For states with zero total momentum, write a
formula for the possible negative values of the energy'. What is the approximate numerical value, in electron
volts, of the ground state energy?

(e) Define the charge conjugation operator C' on this system by
Clry,r_) =|r_,ry)

Show that C' commutes with the Hamiltonian. What is the eigenvalue of C on the state of lowest energy?

2

1Write your answer in terms of m, €2 or «, A, ¢, the Bohr radius, etc. You may use units in which A= c = 1.



4. Quantum Mechanics (Fall 2004)

Let H be the Hamiltonian for the hydrogen atom, including spin. AL = r X p and &s are the orbital and spin angular
momentum, respectively, and J = L + s. Conventionally, the states are labeled |n,l, j,m) and they are eigenstates

of H,L?, J?, and J,.

(a) If the electron is in the state |n,l,j,m

}, what values will be measured for these four observables in terms of #,

¢, the fine-structure constant o, and the electron mass m?

(b) What are the restrictions on the possible values of n, I, 7, and m?

(c) Let J+ = J, £4J,. What are
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(d) What is (1,0, 3, L|pip;|1,0, 1, 3) =

L=

?

(e) For given n, [, j, and m, what are the conditions on n/, I’, j/, and m’ so that

(WU, m|s-x|n,1,5,m) # 07



5. Quantum Mechanics (Fall 2004)
The Hamiltonian for a one-dimensional harmonic oscillator is

»? mwa?

H=—
2m+ 2

Let |1,), n=0,1,2,..., be the usual energy eigenstates.

(a) Suppose the system is in a state |¢) that is some linear combination of the two lowest states only:

|¢) = co [tho) + c1 Y1)

and suppose it is known that the expectation value of the energy is hw. What are |cg| and |c;|?

(b) Choose ¢y to be real and positive, but let ¢; have any phase: ¢; = |c1|e®t. Suppose further that not only is

the expectation value of H known to be hw, but the expectation value of x is also known:

1 h
(9lz|p) = N\ e

mw
What is 617

(c) Now suppose the system is in the state [¢) described above at time ¢ = 0. That is, [¢/(0)) = |¢). What is
|w(t)> at a later time ¢? Calculate the expectation value of x as a function of ¢. With what angular frequency
does it oscillate?



6. Statistical Mechanics and Thermodynamics (Fall 2004)

If the specific heat of a gas of non-interacting fermions in d dimensions varies with temperature as C' ~ T for
kT < Ep, then what is «? What is « for a system of non-interacting bosons?



7. Statistical Mechanics and Thermodynamics (Fall 2004)

Some organic molecules have a triplet excited state at energy kA above a singlet ground state.

(a) Find an expression for the magnetic moment in a field B in terms of A, B, the temperature T, the Bohr
magneton up, and the gyromagnetic ratio g.

(b) Show that the susceptibility for 7' > A is given by N(gup)?/2kpT, where N is the total number of molecules
in the system.

(c) With the help of a diagram of energy levels versus field and a rough sketch of entropy versus field, explain how
this system might be cooled by adiabatic magnetization (not demagnetization).



8. Electricity and Magnetism (Fall 2004)

Consider a sphere of radius a with uniform magnetization M, pointing in the z-direction. What are the magnetic
induction B and magnetic field H inside the sphere?



9. Electricity and Magnetism (Fall 2004)

A wire carrying current [ is connected to a circular capacitor of capacitance C, as depicted in the figure. What is
the magnetic field outside the wire, far from the capacitor (as a function of the distance r from the wire)? Using
Maxwell’s equations, explain why there is a magnetic field outside the capacitor. What is this magnetic field?
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10. FElectricity and Magnetism (Fall 2004)

The upper half-space is filled with a material of permittivity e;, while the lower half space is filled with a different
material with permittivity €. Their interface is located at the z = 0 plane. A point charge ¢ is located at ry = dz
on the z-axis in medium 1. Find the electrostatic potential everywhere.



=]

Using general principles, find the radiated power in vacuum of a non-relativistic point charge ¢ whose position is
r(t). You do not need to find dimensionless proportionality constants (i.e., only find the dependence on ¢, r(t), and
universal constants).

11. FElectricity and Magnetism (Fall 2004)


Hector
Sticky Note
I like solution 2 explanation the best.


12. Flectricity and Magnetism (Fall 2004)

(a)

(b)

Show that the annihilation of an electron and a positron can produce a single massive particle (say, X), but
not a single photon.

A positron beam of energy E can be made to annihilate against electrons by hitting electrons at rest in a
fixed-target machine or by hitting electrons moving in the opposite direction with the same energy F in an
electron-positron collider (colliding-beam accelerator). Show that the minimum energy Ey,i, of a positron beam
needed to produce neutral particles X of mass M > m, (where m, is the electron rest mass) is much greater
in a fixed-target machine than in a collider.



13. Statistical Mechanics and Thermodynamics (Fall 2004)

Consider the Landau-Ginzburg free energy functional for a magnet with magnetization M:
1
F(M) = 57«M2 +uM* — hM

M takes values M € [—00,00]. (The rotational symmetry of the magnet is broken by the crystal so that M is a
scalar, not a vector.) r = a(T —T.), u is only weakly dependent on T, and h is the magnetic field. We will make the
mean-field approximation that M is equal to the value which minimizes F (M), and F(M) is given by its minimum

value.

(a) For T > T, and h = 0, what value of M minimizes F? For T < T, and h = 0, what value of M minimizes F'?
(b) For h = 0, the specific heat takes the asymptotic form C' ~ [T —T,|"“ as T'— T.. What is a?

() At T =T., M ~ h°. What is §?



14. Statistical Mechanics and Thermodynamics (Fall 2004)
Consider black body radiation at temperature 7. What is the average energy per photon in units of k777

You may find the following formulae useful:

o] Sd 4 00 2d
/ i ac :£m6.5; / v ~ 2.4
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1. Quantum Mechanics (Fall 2004)

Two spin-half particles are in a state with total spin zero. Let fig and @i, be unit vectors in two arbitrary directions.
Calculate the expectation value of the product of the spin of the first particle along fi, and the spin of the second

along fip. That is, if s, and sp are the two spin operators, calculate
('ﬂmsa R, Sp ﬁbld’)

Hint: Because the state is spherically symmetric the answer can depend only on the angle between the two

directions. 2
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2. Quantum Mechanics (Fall 2004)

The van der Waals interaction between two neutral atoms is due to dipole-dipole interactions. Consider the following
simplified 1-D model. Each atom consists of a fixed nucleus of charge +e and electron of charge —e, bound by a
harmonic spring. Two such oscillators are a distance R (> size of the atom) apart. The Hamiltonian of the system
consists of the two harmonic oscillator terms plus a dipole-dipole perturbation.

(a) Write the perturbation part of the IHamiltonian.

(b) Calculate the correction to the energy of the unperturbed ground state. This is the van der Waals interaction
potential. (Hint: it should come out o< 1/R®.)

) £ %
a) HIH;+H2+H &M O—MMrO
{ N :2, : K:Lh‘rf.
H:’?z'E‘ [ —— 3

R

) __PL'[KB(’?;?f - P*J . g Zn ?sz"s pper el

v A
= T 2K dd, = o wiijee
+ = @w(-fa?f‘c}hfﬁf

b)  States lwmwd non, € N = €0,02,...

Ol- = dv ¥ ) - “:‘E‘*“"’ _ - e’ z

i (“a ta,) d, -j:mw H=7% ZK-R—g Ao /“‘f*‘ﬂ,,}(d:*dz)
o ,

8E,, = <oolu’looy =0 Since the 4'& and a's only tonne T

states with an, = |,

23 ’ ¢
sEl = - 2 2 ISmklwioor|” (ZKed} o 5 [k (alea)latva,)lop|

m¥o ko = :
£ - Ea S R Sy
- LK e?h)? I<uluyl® K% 4%
2mw R? 'hw (l+1-1) J = e e
m w R

(NG need for d@j@'\-m"ﬁ+€ ?th'é’ﬁ'{'{*n ‘f'ﬂeor){ o this Caj’qz.)



3. Quantum Mechanics (Fall 2004)

A positron has the same mass m as the electron, but the opposite charge. Consider a set of states containing one
electron and one positron. A complete set of these states can be labeled |ry,r_), where ry and r_ are the positions
of the positron and electron, respectively. Normalize these states so that

{ry,r_|r/,,vl) = 63(r, —ry) S5(rl —r-)
Then if the system is in any state |4}, the wave function is

?J)(r-l‘: 1'_) = (]‘."+, I‘—W))

In this problem ignore spin.

(a) In terms of ¥(ry,r_), what is the probability that at least one of the two particles is farther than a distance b
from the origin?

(b) Write down the Hamiltonian for this electron-positron system, including the electrostatic (Coulomb) interac-
tions between the two particles.

(¢) Let r = ry —r— and R = 1(ry +r_). Write the Hamiltonian in terms of the new coordinates and their
canonically conjugate momenta p and P.

(d) The bound electron-positron system is called posilronium. For states with zero total momentum, write a
formula for the possible negative values of the energy’. What is the approximate numerical value, in electron
volts, of the ground state energy?

(¢) Define the charge conjugation operator C on this system by
Clry,r_) =|r_,ry)

Show that C' commutes with the Hamiltonian. What is the eigenvalue of C on the state of lowest energy?
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5. Quantum Mechanics (Fall 2004)

The Hamiltonian for a one-dimensional harmonic oscillator is

2 2.3
H.:p_+mwx
2m 2

Let |v,), n =101, 2, ..., be the usual energy eigenstates.
(a) Suppose the system is in a state |¢) that is some linear combination of the two lowest states only:
¢) = co |¢o) +c1 |¥1)
and suppose it is known that the expectation value of the energy is fiw. What are [co| and les]?

(b) Choose cq to be real and positive, but let ¢1 have any phase: ¢; = ler| €. Suppose further that not only is

the expectation value of H known to be Aw, but the expectation value of z is also known:
J h
(Plzlé) = = X, = 2w
W}]ﬂt is 81?

(c) Now suppose the system is in the state |¢) described above at time ¢ = 0. That is, 11!)(0)) = |¢). What is
|'¢r(t)) at a later time t? Calculate the expectation value of z as a function of t. With what angular frequency

does it oscillate?
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(e} Now suppose the system is in the state |¢) described above at time t = 0. That is, |4(0
is (e 5 2 O

2. Quantum Mechanics (Spring 2006)

The Hamiltonian for a one-dimensional harmonic oscillator is

2 2 2

2m 2
Let [), n=0,1,2,..

, be the usual energy eigenstates.

(a) Suppose the system is in a state |¢) that is some linear combination of the two lowest states only

|} = eoltho) + e1 Ji)

and suppose it is known that the expectation value of the energy is hw. What are |cg| and |¢|7

(b} Choose ¢y to be real and positive, but let ¢ have any phase: e

a.

b.

M

: 1 = |eg]e'®. Suppose further that not
only is the expectation value of H known to be hw, but the expectation value of  is also known
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= 0. That is, [(0)} = |¢). What
is |14(t)) at a later time ¢7 Calculate the expectation value of = as a function of t. With what angular
frequency does it oscillate?
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8. Electricity and Magnetism (Fall 2004)
Consider a sphere of radius ¢ with uniform magnetization M, pointing in the 2-direction. What are the magnetic

induction B and magnetic field H inside the sphere?
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9. Electricity and Magnetism (Fall 2004)

A wire carrying current I is connected to a circular capacitor of capacitance C, as depicted in the figure. What is
the magnetic field outside the wire, far from the capacitor (as a function of the distance r from the wire)? Using
Maxwell’s equations, explain why there is a magnetic field outside the capacitor. What is this magnetic field?
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10. Electricity and Magnetism (Fall 2004)

The upper halfspace is filled with a material of permittivity ¢;, while the lower half space is filled with a different
material with permittivity ¢;. Their interface is located at the z = 0 plane. A point charge q is located at r, = d2
on the z-axis in medium 1. Find the electrostatic potential everywhere.
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11. Electricity and Magnetism (Fall 2004)

Using general principles, find the radiated power in vacuum of a non-relativistic point charge g whose position is
r(t). You do not need to find dimensionless proportionality constants (i.e., only find the dependence on g, r(¢), and
upiversal constants).
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12. Electricity and Magnetism (Fall 2004)

(a) Show that the anmihilation of an electron and a positron can produce a single massive particle (say, X}, but
not a single photon.

(b) A positron beam of energy E can be made to annihilate against electrons by hitting electrons at rest ina
fixed-target machine or by hitting electrons moving in the opposite direction with the same energy E in an
electron-positron collider (colliding-beam accelerator). Show that the minimum energy Emin of a positron beam
needed to produce neutral particles X of mass M 3> m. (where m, is the electron rest mass) is much greater
in a fixed-target machine than in a collider.
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13. Statistical Mechanics and Thermodynamics (Fall 2004)
Consider the Landau-Ginzburg free energy functional for a magnet with magnetization A/

F(M) = —rM2 +uM* — hM

M takes values M € [—00,00]. (The rotational symmetry of the magnet is broken by the crystal so that M is a
scalar, not a vector.) r = a(T —T.), u is only weakly dependent on T', and / is the magnetic field. We will make the
mean-field approximation that M is equal to the value which minimizes F(M), and F(M) is given by its minimum

value.
(a) For T > T. and h = 0, what value of M minimizes F? For T < T. and h = 0, what value of M minimizes F7
(b) For k = 0, the specific heat takes the asymptotic form C ~ | —T,| ® as ' — T.. What is o7

(¢) AL T =T,, M ~ h®. What is 67
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1. Quantum Mechanics (Fall 2004)

Two spin-half particles are in a state with total spin zero. Let 6, and n, be unit vectors in two
arbitrary directions. Calculate the expectation value of the product of the spin of the first particle
along f, and the spin of the second along ny. That is, if s, and s, are the two spin operators,

calculate
(¥]8q - g Sp - M| V0)
Hint: Because the state is spherically symmetric the answer can depend only on the angle between
the two directions.
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3. Quantum Mechanics (Fall 2004)

A positron has the same mass m as the electron, but the opposite charge. Consider a set of states
containing one electron and one pesitron. A complete set of these states can be labeled |ry,r_},
where ry and r_ are the positions of the positron and electron, respectively. Normalize these states
so that

4T | 'y, rL} = dg(ry —ry) Sz(r’ —r_)
Then if the system is in any state |¢¥), the wave function is
P(ry,r_}) = (ry, r-[1)
In this problem ignore spin.

(a} In terms of ¥(ry,r_), what is the probability that at least one of the two particles is farther
than a distance b from the origin?

(b) Write down the Hamiltonian for this electron-positron system, including the electrostatic
(Coulomb) interactions between the two particles.

(¢} Letr=ry —r_and R = %{m_ +r_). Write the Hamiltonian in terms of the new coordinates
and their canonically conjugate momenta p and P. :

(d) The bound electron-positron system is called positronium. For states with zero total momen-
tum, write a formula for the possible negative values of the energy!. What is the approximate
numerical value, in electron volts, of the ground state energy?

{e) Define the charge conjugation operator C' on this system by
Clry,ro) = |r_,ry)

Show that €' commutes with the Hamiltonian. What is the eigenvalue of C' on the state of
lowest energy?
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4. Quantum Mechanics (Fall 2004)

Let H be the Hamiltonian for the hydrogen atom, including spin. AL = r x p and /s are the orbital
and spin angular momentum, respectively, and J = L + s. Conventionally, the states are labeled
[n, 1, j,m) and they are eigenstates of H, L%, J?, and J,.

(a) If the electron is in the state |n, 1, j, m}, what values will be measured for these four obhservables
in terms of i, ¢, the fine-structure constant v, and the electron mass m?

(b) What are the restrictions on the possible values of n, {, j, and m?
(©) Let Ju = Jy £idy. What are  Reaall Tl £5m 0= \[JG#) -m (m21) I n ) mt)
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7. Statistical Mechanics and Thermodynamics (Fall 2004)

Some organic molecules have a triplet excited state at energy kg above a singlet ground state.

(a) Find an expression for the magnetic moment in a fleld B in terms of A, B, the temperature
T, the Bohr magneton ppg, and the gyromagnetic ratio g.

(b) Show that the susceptibility for T > A is given by N(gug)?/2ksT, where N is the total
number of molecules in the system.

{¢) With the help of a diagram of energy levels versus field and a rough sketch of entropy versus
field, explain how this system might be cooled by adiabatic magnetization (not demagnetiza-
tion).
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Hector
Sticky Note
Instead, begin with the partition function, then take d/dB (lnZ), where B is the magnetic field.


8. Electricity and Magnetism (Fall 2004)

Consider a sphere of radius a with uniform magnetization M, pointing in the z-direction. What are
the magnetic induction B and magnetic field H inside the sphere?
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9. Electricity and Magnetism (Fall 2004)

A wire carrying current I is connected to a circular capacitor of capacitance ', as depicted in the
fizure. What is the magnetic field outside the wire, far from the capacitor (as a function of the
distance r from the wire)? Using Maxwell’s equations, explain why there is a magnetic field outside

the capacitor. What is this magnetic field?
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10. Electricity and Magnetism (Fall 2004)

The upper half-space is filled with a material of permittivity €;, while the lower half space is filled
with a different material with permittivity ez. Their interface is located at the z = 0 plane. A point
charge ¢ is located at ry = dz on the z-axis in medium 1. Find the electrostatic potential everywhere.
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11. FElectricity and Magnetism (Fall 2004)

Using general principles, find the radiated power in vacuum of a non-relativistic point charge g whose
position is r(t). You do not need to find dimensionless proportionality constants (i.e., only find the
dependence on g, r(t), and universal constants).
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12. Electricity and Magnetism (Fall 2004)

(a) Show that the annihilation of an electron and a positron can produce a single massive particle
(say, X), but not a single photon.

(b) A positron beam of energy F can be made to annihilate against electrons by hitting electrons
at rest in a fixed-target machine or by hitting electrons moving in the opposite direction with
the same energy F in an electron-positron collider (colliding-beam accelerator). Show that
the minimum energy Emyi of a positron beam needed to produce neutral particles X of mass
M > m. (where m, is the electron rest mass) is much greater in a fixed-target machine than
in a collider.
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Y e
For a raH.‘JFr';wg are a}read‘y “n the (M framme, 5@ E:u-’ E,
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13. Statistical Mechanics and Thermodynamics (Fall 2004)

Consider the Landau-Ginzburg free energy functional for a magnet with magnetization M:
F(M) = —rM2 + uM* — hM

M takes values M € |—o0,0c0|. (The rotational symmetry of the magnet is broken by the crystal
so that M is a scalar, not a vector.) r = a(T — T¢), u is only weakly dependent on T, and h is
the magnetic field. We will make the mean-field approximation that M is equal to the value which
minimizes F'(M), and FF(M} is given by its minimum value.

(a) For T > T, and h = 0, what value of M minimizes F'7 For T < T, and h = 0, what value of
M minimizes F7

(b} For h = 0, the specific heat takes the asymptotic form C ~ |T —T.|™ as T — T.. What is a?
(¢) At T =T., M ~ h®. What is 7

a. Mean- “urr"EJ_'rJ dpprﬂr‘ma_'f;i'ah = %E =r M+HuM?- h=0
T+ T>T, then r=a (T-T.)>0. se oll terms in F
are poslive , so M=0O minimizes =
T4 T"T‘, '*fae,w S ('T-TZ)QQ,SG M:xH;E 'S a
| solulion  that makes F(M) = $r (o) *u ()= 1o
fedl solwligk A1 had £ =z r Ui .T{""G_-l,. JELA
whizh i3 less than zer , 50 M = x['aﬁ; minimizes .

b. {}f{‘ er‘lEYg}}‘ 'Iu‘g doral {5 A ‘x‘flu"{‘ of Gibbs Lree e«frl}a
50 we W5€ “‘JJ =-S5 and G T(%}
We assume that T=>TTe From telow T because The
Iﬂﬁfﬂ 'frflfcl f_J f.}?‘r“-"f e ./'S,Ed', jﬁ{f\f ‘ﬂf €5 2 -fr "ol al Ir&SHH' pl#‘frpfliﬂ,

2 S5
G=F(m= Sal7T) oD 4 LEL". - a(TR)

L
; a:r(%é),, = TR TH- S L

BT 2 -8 e TN,

1 'ﬂ?c a5ymPﬁfp‘fJ'L i‘,-lr"ﬂr'f’l“j 50 C, ~ }T-'T;)a B fiomif
C F My = Wb
E = 1
) T HuMoh=D 9 hedar > N ()Y 5



14. Statistical Mechanics and Thermodynamics (Fall 2004)

Consider black body radiation at temperature T. What is the average energy per photon in units of
ET?
You may find the following formulae useful:

mz.‘idm *.rrd mm2d$
h EI_]-:EFGE‘E} fu _1~2.4
Empe = =g § (BEML Y i)
= BT o = B
= = E- — o . [ =
" b € and  dn AT ; s er
2 (YA€ = Fymntdn = BT (520 )°€%dE = 77 T e
e

(€= T cfE)pe)de whark FCEI= L.
I fee ymae

(= £(aplOde = gy [oge Ae
let x= B€ = Aef‘—dx
- | o
%h (ﬁ{)j ﬂ‘i j E.JR -1 db{
5 Gae (£7(45)
T @ s0de = % Gy (o ae
Let x= 8 = a\e=;m
dx

n

T

A ) J’-”“ X
2T (he)® B2 Jo Tpx
= o por (KT’ (2.4)
= (ey s %{?(yﬂ; 27kT
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. Two spin-balf perticles are in a state with total spin sero. Let #i, and 7,
be unit vectors in two arbitrary directions. Calculate the expectation value
&mmaﬂwmdmmmmﬁ.mmmdﬂm
second along Ay That is, if 5, and 8, are the two spin operators, calcuinte

(Pise - hase- B l¥)

Hidk: Becomse the state is sphetically symmetric the smewer can do-

This is an example of the selection rules from section 5.2. Since the state 1 s symmesric,
(3l (80 - B} (80~ ) [0} = 3 (Ra); () IR
N (S10.28)
= Z (#a); (i), <¢v ¢> + e

The remaining terms are matrix elements of (linear combinations of ) components of spherical
tensors of ranks 1 and 2 between spin-zero states, so vanish:

%Jij Z (5a) (36)
k

() (S - o) 55 0) ) = 3 - (9150 50 19) (510.20)
But since s* = () between these states, where 8 = 5, + 5,
' 1 3 :
8g -85 = E (52 —53 - Sg) = —*Z (810-30)
and 1 .3 1
(F] (S0 +2a) (55 - ) ) = — o086 = —7 cos (510.31)

Note: It is of course possible to get the answer without using the theorem: Since the
matrix element depends only on the angle between these two directions, let fi, = fi..
Thea with #fts = cos & + sin f., the correlation is
. . 1
B(0) = (P} {8 - =} (86 - R} 16} = 7{#] (00 - ) (s - i) ()
= (1,'3! {ora}, ([Ua)z cos 8 + (o), sin 9} ll,b)

Tace Equation (A27) in the appendix.

(510.32)
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80 tﬁat
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el s A e B o e

V2

(Ga- s} (@3 - o)) = (- Br) (o0 - 1) 22

so that
(¥} {oa -z} (on - Fi) ) = -1
So again
B(6) = -—%m&ﬂ
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