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But like 3D vectors, Vectors can be multiplied by a number, and two vectors can add up.

Linear combinations of vectors are still vectors. Vector space is also called linear space.
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If the components of two vectors are proportional, we say they are in the same direction.
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The span of two non-parallel vectors 1s a plane.
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Position P of a particle -l he instantaneous velocity vector v
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Physics calculation depends observers.

But Physics results must be independ of which observers we choose.
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Observables will change, the physical laws will not.
So that physical reults will be independent of the choice of axes.
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Distance through which point P on
the body moves (angle 6 is in radians)

Linear speed of point P :
(angular speed w is in radfs) }
y v
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,' Circle followed
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w is positive for a
counterclockwise rotation.

h

w is negative for a
clockwise rotation.
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Angular speed w = d6/ dt Linear speed v = dx/dt

Angular acceleration a = dw/ dli Linear acceleration a = dv/ dl
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Useful Equations in Rotational and Linear Motion

Rotational Motion About a Fixed Axis

Linear Motion

Angular speed w = d6/dt
Angular acceleration a = dw/ dl
Net torque 27 = Ja

If wr= w; + a

a = constant 0= 6, + w;t + %ati’

(1)/2 o (!),'2 s QQ(OJ_ 6,)

oy
Work W = T dO
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Rotational kinetic energy K = 5 Iw”
Power ? = T
Angular momentum L = lw

Net torque 27 = dL/dl

Linear speed v = dx/dt

Linear acceleration a = dv/dl

Net force 2F = ma

[t U= v; t+ at

a = constant { Xy = Xx; i 05 A é(zt2
vf = y? + 2a(xr — x;)

Xy
Work W = f : F. dx
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Kinetic energy K = %va
Power P = Fv
Linear momentum p = muv

Net force ZF = dp/dl
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The cross product is
always perpendicular
to the plane of A and B.

The cross product is zero As a increases from
when A and B are parallel. 0° to 90°, the length
of A X B increases.

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.

The cross product is
maximum when A and
B are perpendicular.
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Rotation axis

FIGURE 114 A dumbbell connected by masses m, and m, at the ends of its shaft. Note
that @ is not along the shaft, and that @ and L are not collinear.
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11.4 Angular Momentum

With respect to some point O fixed in the body coordinate system, the angular
momentum of the body is

L=2r, X p, (11.16)
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The most convenient choice for the position of the point O depends on the par-
ticular problem. Only two choices are important: (a) if one or more points of
the body are fixed (in the fixed coordinate system), Ois chosen to coincide with
one such point (as in the case of the rotating top, Section 11.11); (b) if no point
of the body is fixed, O is chosen to be the center of mass.

Relative to the body coordinate system, the linear momentum p, is

Pe — MV, — MM Xr,
Hence, the angular momentum of the body is
L = Zmr, X (@ X 1,) (11.17)
The vector identity
AXx (BxXA) =A’B - A(A-B)

can be used to express L:

L= gma[rﬁw — 1,(r, )] (11.18)



L= gma[rgw — 1,(r,* @) | (11.18)

The same technique we used to write T}, in tensor form can now be applied
here. But the angular momentum is a vector, so for the ith component, we write

FENRS R L= zm,,(w,. S it 5, S a,) BT
= ;majz(w 6 Ex - (l) x xaj) FCZ = (xl xz x3)

= Ew 2m (6 2x2; = % al,) (11.19)

The summation over a can be recognized (see Equation 11.10) as the #jth ele-
ment of the inertia tensor. Therefore,

L= ;ij (11.20a)

or, in tensor notation,
L={} (11.20b)
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Figure 1. On the left, the temperature on the surface of the Earth is an example of a map
from R? — R, also known as a scalar field. On the right, the wind on the surface of the Earth
blows more or less horizontally and so can be viewed as a map from R? — R?, also known as
a vector field. (To avoid being co-opted by the flat Earth movement, I should mention that,
strictly speaking, each of these is a map from S? rather than R2.)
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(a) A single positive charge (b) Two equal and opposite charges (a dipole) (c) Two equal positive charges
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22.34 -+ A cube has sides of length L = 0.300 m. It is placed
with one corner at the origin as shown i L In Fig. E22.6. The electric
field is not uniform but is given by E = (=5.00 N/C-m)xt +
(3.00N/C- m)zk (a) Find the electric flux through each of the six
cube faces 81, 9,, 83, 54,955, and Sg. (b) Find the total electric
charge inside the cube.
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