Notes for Lecture 19

Statics+

Statics is very easy, but often seems very difficult. If one remembers the following
points, then it can be very easy.

3.

. Equilibrium conditions: net force = 0, net torque = 0.

Do not assume that you know forces, unless you really do. Figure them out from
the equilibrium conditions. Forces that you are expected to know are simple
ones such as gravity. You are supposed to know the directions of forces such as
normal force and tension force; but, you are (almost) never expected to know
their magnitudes, you need to figure them out. For some problems, the tension
or compression nature of force may not be clear and must not be pre-assumed.

For the net torque, it can be measured from any reference point (see Section
for why). So, choose the reference point (i.e., the origin) to be the most
difficult point, e.g., the point at which many forces apply at the same time, or
the point at which the most unknown force applies.

Be very clear with Newton’s 3rd law. That is, know which body you are con-
sidering for the free body diagram, and remember to flip the direction of the
contact force if you consider the free body diagram for an adjacent body.

19.1 Torque

In considering statics, the following is an important point.



19.2. VECTOR PRODUCT

If net force is zero, and if one shows that the net torque is zero around one point,
then the net torque is zero around any point.

Let us see how this comes out.

Assume that there are N forces F; (1=1,...,N) acting on the body in question at

N positions 7;. The net torque is given by 7T, = Y.; 7 x F;. By definition, this is the
torque around the origin of our coordinate system, in which vectors 7;’s are defined.
Now, let us consider a fixed position vector a. Let us say that we like to calculate the
torque around @, not around the origin. The position vector r; = a + 7}, where ! is
the position vector relative to a. Thus, we get

Tnet = ZTiXFi
[
2 (a+7) x F;
[
ZLxZFi—i-ZFZ(xFi
7 7

= Gx Fp+ 7, (19.1)

where 7/, is the net torque around a. Note that 7,. =7/, if ﬁnet = 0! This proves
our assertion above.

19.2 Vector product

In the above discussion, we used the notion of the vector product between two vectors.
IfA=A 2T+ A+ A2 and B=B 2T+ Byy+ B2, then A x B is defined as

AxB = (AyB,-A.,B))x+(A.B, - A;B,)y+ (A, B, - A,B,)z (19.2)
The following can be proved.
‘;lx é’ - |,1| |é|sine (19.3)

where 6 is the angle between the two vectors. Geometrically, this means that the
magnitude of a vector product between two vectors is the area of the parallelogram
formed by the two vectors. What is the direction of the vector product? Tt follows the
right hand rule or right handed screw rule: rotate A towards B, and figure out
which was the screw will translate, if this rotation was that of a right handed screw
— that is the direction of the vector product. Note that, then, the direction of the
vector product is always perpendicular to both A and B. I invite you to prove this
property algebraically, by using the above definition of the vector product in terms
of components.
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NOTES FOR LECTURE 19. STATICS+

19.3 Torque and center of gravity

In Section [19.1], we said that a force applies at a certain position. This is not am-
biguous at all for a small infinitesimal volume of mass. It is always a good idea to
divide a big object into many small infinitesimal volume of small masses, if it is not
clear where an external force applies. However, it would be vastly more convenient if
we can somehow think that the total amount of force acts at a single point. This is
not always possible.

If this is possible in the following sense,

Tnet,g = ZFZ‘ X ﬁi7g always valid (19.4)
= ECG X Z }i}g = ]%CG X ﬁ’net,g not always possible! (19.5)

then we would have successfully defined the center of gravity ficg of our body
in question. Here, 7; is the position vector for an infinitesimal mass element of our
body, F; , is the gravitation force on that mass element, ), , is the total gravitational
force (subscript g), and 7, is the total gravitational torque. One way to see why
the above identification of écg is not always possible is to note that it is necessary
that 7,t, must be perpendicular to F, 4, but it is easy to note that this cannot be
satisfied in a general field.

A notable case when the center of gravity is well defined is when the gravitational
field is constant. In this case, the center of gravity is the same as the center of mass.

19.4 Something extra

As we close this lecture, let us note something extra for fun.
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19.4. SOMETHING EXTRA

% Heisenberg uncertainty principle

Let us consider the single slit diffraction again and discuss it in terms of this
famous principle, valid for all kinds of waves, not just for a quantum particle.
On the other hand, what we call “light” (that is, classical light) is really
just a lot of what we call “photons” (that is, quantum particle), and so the
Heisenberg principle is expected to be valid no matter how you look at light
(as classical wave or as quantum particle). The more you squeeze the beam,
the more precise the position of light will become. It then follows from the
uncertainty principle that the momentum of light becomes more uncertain, in
other words its momentum values become more broadly distributed. In this
example, we are talking about the y position and the momentum along the y
direction, p,, only, taking the y axis as the axis parallel to the width of the slit.
Note that, initially, right out of the slit, the beam does not really have any
sense of movement along the y direction. However, the uncertainty principle
requires that p,, while averages to zero, will have a broad distribution of
finite values. Importantly, the width of this distribution, Ap,, is inversely
proportional to Ay ~ D. A large value of Ap, means a faster spreading in the
y direction, while the mean position stays the same (y = 0). So, this can be
understood as the reason why the beam expands faster and produces a bigger
diffraction spot, when D is made smaller! Of course, this would be valid for
all waves that we considered so far, e.g., the sound wave. So, the Heisenberg
uncertainty principle is not just for quantum mechanics.

For those of you who know A, here is some more discussion. Indeed, here
is the precise quantum mechanical meaning of Dsinf ~ A in terms of Ay and
Apy. Ay~ D. Ap, ~ hksing = h% sin6. So, Dsing/\ ~ AyAp,/(2wh). So,
Dsin@ ~ A means AyAp, ~ 27h, which represents the Heisenberg uncertainty
principle!
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