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Long-wave secondary radiation in polar semiconductors
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A new type of secondary radiation is predicted upon excitation of a semiconductor with light of frequency
o, in the region of intrinsic absorption. The radiation is the result of resonant Raman scattering of light,
wherein an electron-hole pair and a certain number of longitudinal optical phonons are present in the final
state of the crystal. Since the kinetic energies of the electron and hole in the final state can be different,
the secondary radiation spans the band 0 < ®, < ®, ,, in the long-wave band. The scattering cross section is
calculated with allowance for the dispersion of the LO phonons. It is shown that the dependence of the
cross section of the process in question on the frequencies w; and w, has a steplike character. Each higher
step corresponds to turning on a process in which the number of emitted LO phonons increases by unity.
It is shown that the scattering cross section is a quantity of zero order in the Frohlich coupling constants
of the electrons or holes with the LO phonons. The reason is that the secondary radiation is the result of
a sequence of real transitions, each of which is accompanied by the emission of one LO phonon.

PACS numbers: 78.30.Gt, 63.20.Dj, 63.20.Kr

1. INTRODUCTION

With the appearance of high-power laser sources of
light, and with increasing receiver sensitivity, the cap-
abilities of modern experiments on registration of
secondary radiation of condensed media have greatly
increased. This progress gives grounds for hoping
that study of secondary radiation will become a reliable
method of measuring a number of parameters of solids.
The experimental research in this field has stimulated
theoretical investigations (see, e.g., Refs. 1 and 2).

In this paper we predict a new type of secondary rad-
iation of polar semiconductors. The radiationis there-
sult of the following set of real transitions: primary
radiation with frequency w, produces an electron-hole
pair (EHP), the electron (or hole) emits in succession
E longitudinal optical (LO) phonons (we neglect inter-
actions with acoustic phonons), and finally the elec-
tron (or hole) emits a quantum 7Zw, of secondary light,
accompanied by still one more optical phonon. No an-
nihilation of the electron and hole takes place; the elec-
tron and hole, having lost an energy fiw,+ (k +1)iw,q,
can retain part of their kinetic energy. Indirect emis-
sion of the quantum 7Zw, accompanied by the LO phonon,
by the electron, is aprocessinverseto indirect absorp-
tion of light by free carriers that interact with LO
phonons.?

It follows from the energy conservation law that when
an electron emits £+ 1 LO phonons the secondary rad-
iation spans the frequency band
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0<0,<(1+m./my) = (0—E k) — (k+1) 0o, (1.1)
where m (m,) is the effective mass of the electron
(hole), and E, is the width of the forbidden band. In
fact, if the kinetic energy of the electron after emission
of secondary radiation is equal to zero, then

w=0—E/h—(k+1) oco—Eulh, - (1.2)
where E,, is the kinetic energy of the hole produced by
light w,. Since the equality

E,,=(hoi—E;) (1+m./m.) "' (1.3)
is satisfied in direct production of EHP, it follows that
by substituting (1.3) in (1.2) we obtain the upper bound
from (1.1). The lower bound w =0 corresponds to the
maximum residual kinetic energy of the electron. If
secondary radiation with participation of 2+1 LO phon-
ons is to take place at all, it is necessary that the
right-hand side of (1.2) be larger than zero, i.e., that
the following condition hold:

w>Ed/ht (1+me/m) (k+1) 010- (1.4)
If a hole rather than an electron participates in the
radiation, then the mass m, in (1.1)-(1.4) must be re-
placed by m,, and vice versa. It follows from (1.4) that
the frequency w, should lie in the region of the intrinsic
absorption of the semiconductor.

An examination of the electron energy distribution
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function readily reveals a few other features of features
of the secondary radiation. At low constants of the )
coupling of the electrons with the LO phonons (but much
larger than the constants of the coupling with acoustic
phonons and with light), the most probable processes
are those in which one LO phonon is discarded. The
electron then “cascades” over the band and forms (in
the case of nondispersing LO phonons) a distribution
that differs from zero only at the points where the elec-
tron kinetic energy equals

Ev=(ho—E;) (1+m.[my) '—khior,, k=0,1,2,... .

Of course, the energy region £ <fiw,, is excluded
from consideration, since the energy relaxation of the
electron or hole is determined by the interaction with
the acoustic phonons, impurity centers, recombination,
etc. It should be noted that the number of electrons
with energy E, has no parametric smallness compared
with the number of electrons of energy E,+/wy, in the
steady state, since the departure time and the arrival
time are determined by the same electron— LO-phonon
coupling constant. Thus, owing to the initial isotropy
of the momentum distribution, the electron distribution
function differs from zero in thin spherical layers in
K space. The same holds also for the hole distribution
function. If we include in the consideration the inter-
action of the electrons with light, it must be recognized
that the contribution of the pfocesses with photon par-
ticipation to the distribution function is very small and
can be discarded. As a result, radiation processes
must be studied with the distribution function described
above.

As already noted, the most probable process is
emission of a quantum Zw, accompanied by an LO pho-
non. It follows from (1.2) that the emission of a quan-
tum 7w, is possible only from electrons having a kin-
etic energy

EzEs=hosthaoro.

With increasing freqhency w, of the incident light, the
radius of the spherical layers increases. When the
radius of the largest spherical layer reaches a value
(2m E,)'/?/i, observation of secondary light of frequen-
¢y w, first becomes possible. When the next spherical
layers pass through the same threshold, they also
“come into play” and increase the scattering cross sec-
tion for the given frequency w,. This explains the ap-
pearance of threshold singularities in the scattering
cross section as a function of w, (see Fig. 4 below).

At constant w,, a different number of spherical layers
contribute to radiation with different w,, and this num-
ber depends on the value of w,. This is the reason for
the presence of threshold singularities in the w, de-
pendence of the cross section (see Fig. 3 below).

The existence of LO-phonon dispersion blurs some-
what the picture outlined above, but calculations show
that all the singularities of the distribution remain
well defined.

Examination of (1.2) and (1.3) shows that the second-
ary radiation can be treated as a sort of Raman scat-
tering wherein 2+ 1 LO phonons and an EHP are pres-
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ent in the crystal in the final state.

The cascade of successive real transitions wherein
the electron emits a certain number of LO phonons was
first considered by Martin and Varma* for a descrip-
tion multiphonon resonant Raman scattering (MRRS)
of light, i.e., scattering with frequency W= W, - NWg.
However, the application of the cascade model to the
MRRS is made complicated by the fact that annihilation
of the EHP, accompanied by secondary radiation, takes
place during the last stage of the process, and this an-
nihilation is hindered by the fact that the electron and
hole are separated in space. It is shown in Refs. 5-17
that the cross section for MRRS with participation of
EHP has some additional smallness in terms of the
electron-phonon interaction parameter compared with
the results of Ref. 4. Owing to this smallness of the
EHP contribution, it can compete in the MRRS cross
section with the contribution of the hot excitons.”®

The scattering considered in the present paper dif-
fers from MRRS in that the electron or hole emits a
quantum Zw, without annihilation, so that this scattering
can be described as a pure cascade process, i.e., as a
sequence of known real transitions. In this respect it
is similar to MRRS by hot excitons. It is important
that in any cascade process with LO-phonon participa-
tion, in polar semiconductors an increase in the number
of emitted phonons does not lead to an additional small-
ness with respect to the electron-phonon interaction
constant.

The cross section was calculated by us by two meth-
ods. The first is the one proposed in Refs. 7 and 9 and
based on the use, for the scattering tensor of rank 4,
of a general formula that describes in principle any
type of secondary radiation with allowance for all inter-
actions inthe crystalin arbitrary sequence. The form-
ula was determined with the aid of a diagram technique.
The second method is based on solving the balance
equation for the distribution function of the electrons
(holes). It turned out that both methods yield the same
result, as might be expected for a cascade process of
pure type. We present below only the calculations by
the second method, and in addition show, by way of ex-
ample, one of the diagrams (see Fig. 1), which corres-
ponds to emission of two LO phonons and a quantum
Rw, by an electron. In the diagram of Fig. 1, the pairs
of the cuts 1-1" and 2-2’ correspond to transitions
through real states, the pair of cuts 3—-3’ corresponds
to a transition through a virtual state. The cut ¢ cor-
responds to the initial state, when there is one photon
of incident light with frequency w,. In the final state
(cut f) there are two LO phonons, a secondary-radia-
tion quantum Zw,, an electron, and a hole.

Thus, assume a direct-band polar semiconductor
with m <m,. When an EHP is directly produced by the
light, the hole kinetic energy is given by (1.3), and the
kinetic energy of the electron at a light frequency w, is

E,=(1+mJm) " (ho—E,). (1.5)

The total secondary-radiation cross section consists
of the cross sections that describe the processes of
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FIG. 1. One of the diagrams describing resonant Raman scat-
tering of light with emission of two LO phonons without anni-
hilation of an electron-hole pair.

photon emission by the electron and hole separately.
Since these cross sections are functionally identical, it
suffices to find the cross section for secondary radia-
tion from the electrons.

The cross section of the process, averaged over the
polarizations of the incident light and summed over the
polarizations of the secondary radiation, is given by

d’c. Vi n(w,)
dQdw, (2n)’c‘n(w;)

Wia,), (1.6)
where V, is the volume of the crystal, c is the speed of
light in vacuum, n(w) is the refractive index, V(w,) is
the probability of emission of a secondary-radiation
photon with frequency w, per unit time in a unit solid-
angle interval, when the volume V|, contains one inci-
dent-light quantum. By definition, the quantity W(w,)
pertains to a medium with a unity refractive index.

The probability W(ws) does not depend on the direction
in which the secondary photon is emitted, and is given
by

W(m,)=jP(E)W,(E, @.)dE, (1.7)

where W,(E, w,) is the probability, averaged over the
angle between the electron and photon momentum di-
rections, of emission, in a unit time, into a unit solid
angle, of a photon of energy Zw, by an electron having
a kinetic energy E; P(E)dE is the number of electrons
with energies in the interval from E to E+dE.

For the case when the momentum distribution of the
electrons is isotropic, the balance equation takes the
form

oP(E) T .
= ’ ! E
~ jp(E YW (E',E)d

—P(E) S W (E.E')dE'+W 8(E—~E..),
L]

where W(E', E)dE is the probability of the transition of
an electron from a state with energy E’ to the energy
interval from E to E+dE; W, is the number of EHP
produced in a unit time in a medium with unity refrac-
tive index if the volume V, contains one incident-light
photon with frequency w,; E,, is determined by formula
(1.5). In polar semiconductors, the interaction of the
electrons with the LO phonons is much stronger than
all other types of interaction, so that for energies E
>hwy, we put W(E', E) =Wy (E’, E), where W o(E’, E)dE
is the probability of an electron transition from a state
with kinetic energy E’ into a state with energy in the

(1.8)
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interval fromE to E+dE, with emission of an LO pho-
non. We shall consider effects at a temperature below
the Debye temperature, when processes with LO-pho-
non absorption can be neglected. We shall solve Eq.
(1.8) for the region E>%w, .

2. CALCULATION OF THE TRANSITION
PROBABILITIES

In the calculation of W, (E, E’) we choose the LO-
phonon dispersion law in the form

020(q) =wro—"/2m¢?, (2.1)
where 7 is a dimensional dispersion parameter that
can be either positive or negative; q is the wave vec-
tor of the LO phonon. The Fr&hlich Hamiltonian of the
interaction of the electrons with the LO phonons is

Hupn = 2 (Cebae' ™ +C byt e'v), (2.2)

q
where
bual’\'" 1
Co=—ik -
= mm( V, ) g’
' e’
l= h/z R ':, = ‘.—i_ -1 s
(A/2m.w10)", 2lhm,_,,(e eo™")

b,(b;) is the phonon annihilation (creation) phonon, ¢,
is the static dielectric constant, and ¢ is the high-fre-
quency dielectric constant. The probability that an
electron with kinetic energy E will emit one LO phonon
is

2

WLD(E)=T“Z|<le.,_,h|i>|'a(E,-E.-). (2.3)
!

The quantity W, 4(E), calculated from (2.3) is equal to
A ‘h
[ 2amm( h‘z,m ) arch( E ) , Ezhow(1-7)

1VLO(E)= h(ﬂ)Lo(i—ﬁ)
l 0. E<ho,(1-7), (24)
where
T=nmd/h (2.5)

is the dimensionless dispersion parameter.*’

We calculate the probability Wy o(E, E’) in first order
in @. Recognizing that

Wio(E)= Weo(E,E')dE", (2.6)

we get for W, ,(E, E’) from (2.3)
aml’bﬁy’
Wio(E, E')={ 2E%(E' + hoyy — E) ' 2.7
0 outside the indicated interval
( E E _ [ E |

q)‘( fun,_o)< hwro A ( horo } '
where

@s(@)=2—1+ (:ﬁ)z [zt (z—1+7)%] (2.8)

If the energy E’ is fixed, then W (E E’) differs from
zero in the energy interval

E’ < E <3 ( E’ )
¢+(ﬁwnu)\h0m\ N/’

n Y% %2
Wlx '+ (z+1+7) )2

(2.9)
¢ (z)=2+1—
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The Hamiltonian of the interaction of an electron with
light in a medium having a unity refractive index is
given by

2 A2
H.‘-:" —_ d Ap + C_A__ ,
m.c 2m,c? (2.10)
2nhe® \ ' - ey ¥ iur ’
A= ( V. ) Z 07", 5 (ax e tagaem™),

where p is the electron-momentum operator, % is the
photon wave vector, e, is its polarization vector, and
aw,(a, ,) is the operator of the annihilation (creation)
of a photon with wave vector » and polarization A.

For the probability that an electron with wave vector
K will emit in a unit time into a unit solid angle a sec-
ondary-radiation photon with wave vector », summed
over the polarizations of the emitted photon, we have

2
Wik, = T" Y sz, (2.11)

where in lowest order of perturbation theory

flHeoInX<nlH,,_pnli> flHpoppln'><n' | H, 10>
" 2 E-E. 2 E~E. - (2:12)

Here Ii) is the initial system state with one electron
with wave vector K; [f) is the final state and includes
an electron, one LO phonon, and a quantum with ».

In the intermediate states [n) are present an electron
and one LO phonon, while in states [n’) are present an
electron and a quantum with »,. Calculations by for-
mulas (2.11) and (2.12) yield at n, =0

2ne’wLoa !

E
e h ——  — gin? n
Wix.x, meaThY, Lo l( E. S 9.'1),

(2.13)
where
™ 1+z+7(1—2z)
(1—-m?*
1+[z+7(1—2)]"
1—[z+7(1-2)]"
oL 53— z=3n
+ sin 8[2 [z2+7(1-2)] ="
1+[z+ﬁ(1—z)]%]}
1—-[z+q(1—2z) 4 1)’
E=rK?*/2m., E'=E—ho,o—ho,;

7(y,2,5in*6, 'ﬁ)='y“{ [z4+7(1-2)

) ——21—-(1—2)’111

(2.14)

(2.15)

E,, is determined by formula (1.5), 6 is the angle be-
tween the vectors K and »,. The value of (2.13) averag-
ed over the directions K is of the form

2netorota | E E 2 _
maocn, e (g )

3. BALANCE EQUATION FOR THE ELECTRON
DISTRIBUTION FUNCTION

The balance equation (1.8) at E>Zw, o will be written
in the form '

+%—(i—z)’ln

W (E, )= (2.16)

%: IP(E’)W,,.,(E’,E)dE’—P(E) J'Wm (E,E')dE'+W 6 (E-E,.).
(3.1)
For a stationary distribution, allowance for (2.6)
changes (3.1) into
P(E)Wio(E)— [ P(E)Weo (E', E)dE'=W 8 (E—E.). (3.2)

It is more convenient to solve (3.2) for the dimension-
less quantity
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Weio(E.
ﬁ=pnmm-—‘;;‘ w (3.3)
Introducing the dimensionless variables
z=E/Roro, Zoe=Eo/h0010, (3.4)

we have from (3.2), by taking (2.4), (2.7), and (2.9) in-

to account.
P_(x)

> 'l =, dr’ _
PO rmmma=r ) PO @ ey e
Pa(x) (3.5)
From (3.5) we readily obtain
P (z=xo.) =6 (z—20c). (3.6)

It is clear from the conservation laws that at not too
large a phonon dispersion the quantity P(x) differs from
zero in discrete energy intervals. With increasing .
number of the phonons that the electron must emit to
reach an energy E<E,,, these intervals increase, and
if E,, is large enough, then at energies below a certain
value these intervals begin to overlap. For that ener-
gy region in which P(x) differs from zero only in dis-
crete intervals, it is convenient to break it up in the
following manner:
Py(z) =6(z—2o.),
P, (z)=P(z), Zoe—1<z<Z0; ...
... Py(z)=P(z), zoe—k<z<zo.—kt+1; ...

(3.7)

Equation (3.5) interrelates the function P,(x) with dif-
ferent k. Substituting in the second term of the left-
hand side of (3.5) the known function Py(x) from (3.7),
we get for P,(x)

P,(z)=

I‘Iz

4z,." (z+1—2,.) arch[z (1—7) ~*]*
at ¢- (o) <T<Q4 (20e),

(3.8)

P,(z)=0 at z outside the indicated interval.

Now, knowing P,(x), we can find P,(x) by an analogous
procedure:

e o &’
T Ea—T ) PO e 69
@+(x)

Py(z) =
In principle, it is possible to find all P ,(x) for any .
The practical difficulty is that the obtained integrals
(say from the right-hand side of (3.9)) can not be ex-
pressed in analytic form.

For the limits of the intervals where P,(x) differ
from zero (we designate these limit x, ,,and X, max?
with x, 110 <X, ma), We can write the recurrence rela-
tions
(3.10)

Tags, min=@- (h. min) y  Tast, max=Q4 (1A, m) .

In principle, these relations make it possible to de-
termine the energy starting with which the intervals
where ?k(x)aé 0 begin to intersect (if such an energy ex-
ists at the given dispersion parameter for the given
value of E,,), but even below this energy the procedure
of successive substitutions makes it possible to deter-
mine the solution of (3.5).

For dispersionless LO phonons, i.e., at n=0, the
probabilities W, o(E, E’) are proportional to §(E - E’
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- Hw;,o) and the electron is thrown off from the level E
to the level E - %Zw;,, and not to an energy band as in
the case of phonons with dispersion. Equation (3.2) re-
duces then to a system of algebraic equations whose
solution is of the form
W 8 (E—E,+khioro)
P(E)"n‘. <§-w—n Weo(Eor—khoro)

4. SCATTERING CROSS SECTION

(3.11)

The scattering cross section is determined by forxh-
ulas (1.6) and (1.7). Using (2.16) and (3.3), we have

do, V.etorotan(,) w, %{’(1 z 2 _)
= Zoe y———
dQdo, 4nc'm,on(o) Wio(Ew) b

Zoe 3
h,max
,

+ Y [ @i E 2 e, (4.1)

A1 xx min

where P,(x) is determined from (3.7) and (3.5),
Tod =Toe—1—0./ @O0, ' =2—1—0,/0r0.

For the numerical calculations it is convenient to ex-
press the probability of EHP production in the form

W1=Cko((l)1), (4.2)

where ky(w;) is the coefficient of light absorption via
direct production of an EHP in the medium with unity
refractive index. The expression for ky(w,) is

ko((l)l) =k(¢m)n(m:), ) (4.3)

where %(w,) is the experimentally determined coeffic-
ient of light absorption via direct EHP production in a
medium with a refractive index n(w,;). From (4.2),
(4.3), and (4.1) we have

- 4o — Voe‘mwk(m:)n(m-) . Zoe
dQde, arch([z, (1-7)"*]"

8n*m.c’o,
K, mazx

TSNS iy ES S P

A1 Xx min

Expression (4.4) yields the scattering cross section
in the case when the photons are emitted by electrons
only. It should be noted that this cross section does
not depend on a. When account is taken of the hole con-
tribution, the total cross section is

dEU _ d’o. d:Oh (4-5)
dQdeo, dQde, dQde,’

where the expression for d%¢,/dQdw, differs from the
first term of (4.5) only in that m, is replaced every-
where by m,. Putting n=0 and using (3.11), we readily
obtain an expression for the scattering cross section
given in Ref. 10 for the case of dispersionless LO
phonons:

d'g.  Vielwiok (0i)n(w,) _
dQdw,  8x'm.clo, o
x Sﬁ IA@” f(:rkc ., 2 0) (4 6)
el archz,*'\z "z '3 ‘

0<k<xy.-1
where x,,=x,, - k.

Formula (4.5) was obtained with the dispersion law
(2.1). In order for the analysis to remain valid within
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the framework of the model it is necessary that the LO
phonon with the maximum vector ¢=4,_, be describable
by the dispersion law (2.1). If the approximation (2.1)

is valid only up to g=q,, then our results are valid for

01<01c=(EI+E’)/ﬁy (4.7)
where
h? —_ . 2 .
PR P LY P2
2m, 2 hq. m

as follows from (1.5) and from the expression for g,

Gmaz={K+ [K*—2m.0 .o~ (4.8)
X(1-7) 1"} (1-79),
where K is the absolute value of the wave vector of the
electron that emits the LO phonon.

5. DISCUSSION OF NUMERICAL RESULTS

On the basis of (3.8) and (3.9) we calculated the func-
tions P,(x) and P,(x). The results of the calculations at
1=0.02 and x,,=3.4 are shown in Fig. 2. It is seen from
this figure that the electron energy spread increases
with each emitted phonon. The maximum value of P,(x)
decreases at the same time. The energy spread of the
electrons depends not only on the dispersion parameter
but also on the level E, .. At x,.=10 and 7=0.02 the
electron energy distribution becomes continuous al-
ready after emission of two LO phonons. At x,,=5a
continuous distribution sets in after four successively
emitted LO phonons.

At the numerical values

me/mn=0.2, x,.=3.4, 7=0.02

we used (4.4) to calculate the quantity

A= (e’mLoV.,k(m,)n(m.))“ d’g (5.1)
‘ 8n’m.c’o, dQdo,

as a function of w,/w,. At the chosen values of the
parameters, the holes make no contribution whatever.
The results of the calculation are shown in Fig. 3 by

Pix)

120 '—

20

By(z) km Po(z)
1 1

0 1 1.4 2 24 J 34 4 T

FIG. 2. Dimensionless density P of the distribution of the elec-
tron energy, as determined by (3.3), as a function of
x= E/ﬁwm at

wi—Eylh

=—=34%, =002
Oro(1+me/my)

Lye
(result of numerical calucations). The parts P(x) and P, of
the curve correspond to electrons after emission of one and
two LO phonons, Py(x)=6(x-xy,). The range of x from 0 to 1
was not considered, since in this region electrons can not
emit LO phonons.
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FIG. 3. Dependence of the dimensionless quantity A (5.1) on
wy/wyo at my,/my=0.2 x4,=3.4 for LO phonons without disper-
sion (dashed line) and with dispersion (solid line) at 7= 0.02
(result of numerical calculations).

the 'solid line. The dashed line shows the same depen-
dence, but for the case of dispersionless LO phonons
calculated by formula (4.6) (see also Ref. 10). For
the case of LO phonons with dispersion, the depen-
dence continues to have a steplike form. Each higher
step corresponds to turning-on of a process in which

. the number of emitted LO phonons increases by unity.
The presence of dispersion leads to a smoothing of the
threshold singularities characteristic of the case of
dispersionless LO phonons and to a shift of the entire
curve towards larger w,. The first threshold appears
at

0i—E /h

o, Zoe 1=
T oo (1t m./my) (1—7)

w0 1-9

1. (5.2)

Figure 4 shows a plot (solid curve) of A against w ,/
Wy, at a fixed value of the ratio w,/wy,=0.3 and at 7
=0.02. For comparison, the dashed curve shows the
same dependence but for dispersionless LO phonons.
The first threshold appears at

o E,

W, me
=__+(1+—) 1) (1+2).
®ro ﬁ(')l.o ) ®ro ( n) ( m,.)

(5.3)

It must be noted that the chosen value of 7=0.02 is
much larger than those really existing (=10™). Increas-
ing the dispersion parameter leads to greater smooth-
ing of the thresholds but, as seen from Figs. 3 and 4,
even at a larger dispersion they manifest themselves
well enough. We emphasize that-the distances between
the thresholds on Figs. 3 and 4 are different: they are
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FIG. 4. Dependence of the quantity A (5.1) on (w;—E/R)w;o at
my/my=0.2 wy/wro=0.3 for LO phonons without dispersion
(dashed line) and with dispersion at n=0.02 (solid line). Re-
sult of numerical calculations.

exactly equal to unity at n=0 on Fig. 3, while in Fig. 4
they are equal to 1+m,/m,.

D Attention must be called to the difference between the para-
meter 7 and the customarily encountered disperssion para-
meter. If the dispersion law is written in the form

)= ' A ga \*
©ro(q —‘l)l.o[ —?(—2‘;) ],

then the usual values of A range from 1/3 to 1/10; relating,
however, the quantities 7 and A, we get
a \*m.wro
T=A (——) B0 10 A,
2a h

where a is the lattice constant.
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