7.5.1 Explosion of a Shell in Flight |

Consider a shell projected upwards . Its path
is a parabola due to gravity. While in flight it ex- -
plodes at P, and different fragments travel along
their own parabolic path as shown in fig. 6. '

Now also the centre of mass of all the frag-
ments continue in the same parabolic path APB.
This is because the explosion is only due to in-
ternal forces. :

7.5.2 Decay of Radioactive ,Nucléus .
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- Consider a radioactive nucleus at rest. Let H e ' R.a Rn
it decay spontaneously into two fragments. The two —e —@—0—
" fragments will fly apart in opposite directions by Fig. 7

obeying the laws of conservation of momentum and |
energy. Hence the centre of mass of the fragments remain at rest. This is also

due to internal forces.’

7.6 VEcTor PrODUCT or Two VchrORS'

In the earlier chapter, we have discussed the scalar product o
tors. The scalar quantity work is defined as the scalar product of two VeC

force (F) and displacement (§).

f two vee
tors: |
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Here in this chapter, we have the product of two vectors, which results

vector quantity itself. The quantities involved in rotational motion, namely
e and-angular momentum come under this category, the vector products.

7.6.1 Definition of Vector Product (Cross Product)

ii.

iii.

rection of the vector product of two vectors. When we curl up the =~ !

- A vector product of two vectors a and b is a vector ¢ such that
_ magn.ltude of ¢, c = absin® where a and b are the magni-

tudes of a and b and@is the angle between the two vectors. =axb

c is perpendicular to the plane containing a and b.-

If we take a right handed screw with its head lying in the
plane of a and b and the screw perpendicular to this plane
and if we turn the screw from the direction of a to b, then
the tip of the screw advances in the directiormr of ¢

Right hand thumb rule is also used to determine the di- .
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fingers of right hand from the direction of a to b, then the .
stretched thumb points in the direction of c. Fig. 8

7.6.2 Properties of Vector Products

i.
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ii.

iv.

The vector product is not commutative i.e., a. x b #bxa

Under reflection, the value of vector product does not change [~ a is the
reflection of aj ‘

ie.,(-a)x(-b)=axb

Vector product is distributive with respect to vecté)r addition
ie,ax(b+c)=(axb)+(axc)

a x a = aa sin0° = O (i.e., the vector product of the same vector results in

a null vector). If i, ] and k are the orthogonal unit vectors along X, Y and

Z directions respectively, then it results in ixi = jxj = kxk =0

Similarly, ix] = F”}'IsinQO"f k = 12, © jxi= -k
jxk =1 kxj =i
ik =3 - ko] e

Nowa xb = (a, i+a _1+a k) X (bn+by.|+b k)
=abk axsz abk+ab1+ab3 abl

= (a,b,—2,b,)i + (a,b,-a,b,)j + (a,b, - b, )k |
_ In order to get the same expressmn, we can use determmant form, whlch "
is given as
S|
~axb=|a, -a, z

a
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Solved Examples

4. Find the scalar and vector prod- Vector product of a aﬂm
" 4 A Cn
ucts of two vectors a = 2i+7j-k i J Kk *

and b = 4;—3}-—4!2. axb= 2 7 —I

4 -3 -4

Sol. Scalar product of two vectors is

givenbya.b
= (2i +7j-Kk).(4i - 3j-4k) = i(—23—3)—j(—3+4)+k(_6_28)
=8-21+4=-9 = —31i+4]-34k

2 7 ANGULAR VELOCITY AND ITS RELATION WITH LINEAR Vm

In the earlier discussions on the rotational motion of a rigid body abouf )
fixed axis, all the particles of the body move in a circle with the fixed axis as i1,
centre. _ -
" Consider a particle P of a rigid body rotating about a fixed Z-axis sufferg
an angular displacement of A9in a small interval of time Atas in fig. 9,
instantaneous angular velocity is given by

o= Lt (_A_B) = ﬂa‘ ............ (1)
-0\ At dt |

If Ax is the arc traced by a rotating particle in a
time At, at a distance of T’ from the axis of rotation, then

Ax=rA0 |
Ax A6
—=r— Ltﬂ = r. Lt A_B
At At At—0 At a—0 At
s, ox_ 89
T odt o Cdt
V=T [eeercnnraraananans (2)
Rotation about a fixed axis

In vector form, y=@xr

For a particle on the axis, r = 0 and hence v = 0. Thus, particles on the
axis are stationary and the axis is fixed.
| ‘Since in the mean time. At , all the particles of the rigid body move through
the same angle, all the particles possess the same angular velocity. Hence ©
is considered as the uniform angular velocity of the whole body.

_Angular velocity is a vector quantity whose direction is along the axis of

rotation of the body and points out in the direction in which a right handed
screw-would advance, when its head is rotated with the body (fig. 10).

Unit of angular velocity is rad s-! and its dimension is M°L°T".
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Fig. 10 . .
If the head of a right handed screw ' If the sense (clockwise or anticlockwise)
rotates with the body, the screw advances of rotation of the body changes, so does

in the direction of the angular velocity o, the direction of ®



