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Rules for constructing the reciprocal lattice:
1.Draw normal to every set of planes from the origin point in the direct lattice.
2.For a particular set of planes, set the length of each normal equal to the reciprocal of the interplanar spacing.
3.Put a point at the end of each normal.
   The collection of points so obtained gives us a new lattice array called reciprocal lattice.

Reciprocal lattice of a SC lattice:
   Since it is a cube, so its all arms are equal, say equal to ‘a’. In this lattice, lattice vectors  ,  are written as  = a ,   = a ,  = a .
   So, we have to generate reciprocal lattice vectors for it. [image: ]

Now, a* =       or, a* = 2л        (as in some books, 2л is multiplied, both are correct)

(a . b x c) represents volume.
(a . b x c) = a  . a  x  a = a3 ( .    x  ) = a3 ( .     ) = a3 .1 = a3 = volume of the cube  (as   x  =  ).

So, a* =       =   = (a2/a3)  x ) =

Or, if we include the 2л (as in some books) , a* = 
Similarly for b* =       =   or, b* =    and c* =    or  =   .

 Thus, the reciprocal lattice vectors a*, b* and c* are similar to ,   and   except that they are multiplied by   (or by  ). So,  construction of a reciprocal lattice vector of the simple cubic (SC) cell will be similar to that of direct sc lattice except with different length of arms.
   Thus, all the three reciprocal lattice vectors are equal in magnitude which means that the reciprocal lattice to sc lattice is also simple cubic .
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vector is represented as Orw and its magnitude is

The Taffice systems we have discussed so far are in real space. Tsese are called ‘direct latfice” Now, let s discuss, how reciprocal laffices are formed.
Let us consider two faces of a cube ABCD and EFGH. If the miller indices of the plane ABCD is (nki), the miller indices of the plane EFGH will alsobe A

1

(hkl), as these two faces are parallel. The interplanar spacing (i.e., distance between these two faces) is represented by . Let us cosider a
perpendicular NM on any plane, say on EFGH from any arbitrary point such that the length oh this normal is 1/dw. We geta B E
point M on this normal. We can draw such normals on any other plane from the same origin , the length of which will be
inverse of the interplanar distance. In this way, we will get more points like M for other faces. These set of points are called o 0
ragrel il - Let us consider it in two dimension:
N We cosider three axes a, b and c. b is 5
D perpendicular to a and ¢ and not drawn. &
A (fig-2). The line oc will represent the €| I
plane with miller indices (100). It will Fig-1
| represent the plane (see fig-3) PQRS
v and its parallel planes like ABCD.
The miller indices of the plane BCRQ and ADSP are (001), i.e. plane between b and
o c. If we join a and c (fig-4), we will get a plane ADRQ whose miller indices s (101),
asitis parallel to b. If we draw an another plane A'D'RQ between the mid-point of
Fig-2 Fig-3 Fig-4. DS, its intercepts will be 1/2,0,1 nd hence its miller indices will be (201).

Reciprocal lattice is made by drawing a perpendicular on a plane whose length is
e :

Now, if we want to have a reciprocal lattice of the plane (100), we have to draw a perpendicular on the plane (100) whose length is equal to dice from the origin. The reciprocal lattice.

Owi = go—f, where -f isthe unitvector along the direction of the perpendicular.
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As there is unit cell in direct  lattice, there is also unit cell in reciprocal lattice. Let us consider three planes of a direct lattice
100, 010 and 001. The reciprocal lattice of these planes are represented by G100, G0, Goc . Volume of a unit cell is measured
a5 Volume = area x height (just like we measure the volume of a cylinder by multiplying area( n) multiplied by its height h).

ne

So, volume of a unit cell is defined as (area x height). Let us cosider a plane PRS which represents its base. There will be
an another plane UTVW pRllel to PQRS and its interplanar separation is dw - Then, Gru will be the height of the cube. So,
volume V/ = area x O Now, if we reverse this relation
1 1, 1 g area
5 area e TV

¢ (Bx?)
Now, if we talk about the plane 100, (et it be the plane PQRS), then its area will be (B x<). So, G100 = —y——

Similarly, Goio=SXZ  and Oass = BXD 1o e caled reciprocallattce vectors and represented as a%, b and c* (some
authors represet these vectors by A, B.3nd C). (Bx2) > =
v v o

and c* = Oon = 2
Now, what are the relations between a* and b and c or between b* with cand a ?

a* is normal to b and ¢ pnales; b* is normal to cand a pnanes; c* is normal to a and b planes. Now, a* is normal to b and ¢ planes means a* is normal to b
and caxes. Similarly, b* is normal to c and a planes means it is normal to c and a axes. Similarly, c* is normal to a and b axes. Then, we can say that-
a*.b=abcos90=0. Similarly, a*. c=0,b*. c=0,b*.a=0, c*.a=0etc.anda*.a=b* . b=c*. c=1 (dot products).

In some books, it s written as equal to 21, i.e., a* . a=b* . b=c*. c=2n ( It may also be written).

Dimension of dr is length, but as G =1/ dne , 50 dimension of reciprocal lattice is L* . So, volume of direct lattice is inversely proportional to the
reciprocal lattice or vice versa. i.e., if the volume of the direct lattice is increased, volume of its reciprocal lattice will be decreased and vice versa.
Aswe write the lattice vector T=  nza+n:b+nsc in direclattice, in reciprocal lattice, this transitional lattice vector is represented by:

&~ magnitude

= g olom]

a

Ow0= b*

G=ha*+kb*+lc* ,whereh, k, | are integers and a%, b, c* are primitive transltional vectors of the reciprocal lattice.

It should be mention here that, reciprocal lattice of a SC (simple cubic) lattice is SC but reciprocal of a bee lattice cell if fec and reciprocal of a bec cell
becomes bec.
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