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In principle, we do this by firing a charged particle through the point at which Bis to be
defined, using various directions and speeds for the particle and determining the force Fi
that acts on the particle at that point. After many such trials we would find that when the
particle's velocity 7 is along a particular axis through the point, force Fyis zero, For all other

directions of 7. the magnitude of F is always proportional to vsin @. where ¢ is the angle

between the zero-force axis and the direction of #. Furthermore. the direction of Fgis always

perpendicular to the direction of 7. (These results suggest that a cross product is involved.)

We can then define a magnetic field B to be a vector quantity that is directed along the
sero-force axis. We can next measure the magnitude of Fswhen 77 is directed perpendicular
to that axis and then define the magnitude of B in terms of that force magnitude:

Fg
=
where g is the charge of the particle.

We can summarize all these results with the following vector equation:

Fg = (1) ; (1-1)

that is, the force F on the particle is equal to the charge g times the cross product of its
velocity 7 and the field B (all measured in the same reference frame).
Equation 1-1 tells us all this plus the direction of Fi. We know that the cross product

7 x B in Eq. 1-1 is a vector that is perpendicular to the two vectors 7 and B.The

(77) rule tells us that the thumb of the right hand points in the direction of 7 x B

when the fingers sweep 7 into B. If q is positive, then the force Fg has the same sign as
7 % B and thus must be in the same direction; that is, for positive ¢, Fg is directed along the
thumb. If ¢ is negative, then the force Fg and cross product 7 x B have opposite signs and
thus must be in opposite directions. For negative ¢, Fy is directed opposite the thumb.
Regardless of the sign of the charge, however,
g~ The force Fp acting on a charged particle moving with velocity 7 through a magnetic
field B is always perpendicular to 7 and B.



Thus, Fg never has a component parallel to #. This means that Fy cannot change the parti-
(%)

cle's speed v (and thus it cannot change the particle's kinetic energy). The force can change

only the direction of # (and thus the direction of travel): only in this sense can Fy accelerate

the particle.

PROBLEM - |
The figure shows three situations in which a charged particle with velocity 7 travels
through a uniform magnetic field B. In each situation, what is the direction of the magnetic

force Fp on the particle?
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(D. Halliday, R. Resnick, J. Walker, Fundamental of Physics Extended, Wiley; 8th edition & h —ietZ L T
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There are three transfer mechanisms: (#) : (#) , and (#)
(#)

If you leave the end of a metal porker in a fire for enough time, its handle will get hot.

(KD#18)
Energy is transferred from the fire to the handle by (thermal) conduction along the length

of the porker.

Consider a (s&l? of face area A and thickness L, whose faces are maintained at temperatures
Ty and T by a hot reservoir and a cold reservoir, as in Fig. 2-1. Let O be the energy that is
transferred as heat through the slab, from its hot face to its cold face, in time . Experiment

shows that the conduction rate P.o,q (the amount of energy transferred per unit time) is

(2)
Peopa/=ir——— = kA

)

Ty —Tc
L

(ls), 2-1)

in which k, called the thermal conductivity, is a constant that depends on the material of

which the slab is made. Table 1 gives the thermal conductivities of some common metals.

Table 1

L
|‘—’ Some Thermal Conductivities
Substance k (W/m - K)

Metals

Stenless steel 14
Lead 35
Iron 67
Brass 109
Aluminum 235
Copper 401
Silver 428

Fig.2-1 [ ) ]

Energy is transferred as heat from a reservoir at
temperature 7H to a cooler reservoir at tempe-
rature 7c through a conducting slab of thickness
L and thermal conductivity 4.




(#2)

When you look at the flame of a candle or a match, you are watching thermal energy be-
ing transported upward by convection. Such energy transfer occurs when a fluid, such as air
or water, comes in contact with an object whose temperature is higher than that of the fluid.
The temperature of the part of the fluid that is in contact with the hot object increases, and
that fluid expands and thus becomes less dense. Because this expanded fluid is now lighter
than the surrounding cooler fluid, l()uoyagsJ forces) cause it to rise. Some of the surrounding
cooler fluid then flows so as to take the place of the rising warmer fluid, and the process can

then continue.

(#)

The third method by which an object and its environment can exchange energy as heat is
via electromagnetic waves. Energy transferred in this way is often called thermal radiation
to distinguish it from electromagnetic signal and from nuclear radiation.

The rate P,.q at which an object emits energy via electromagnetic radiation depends on

the object's surface area 4 and the temperature 7 of that area in kelvins and is given by

Praa = 0eAT* (W) (2-2)

Here o = 5.6704 x 10~8 W/m?® - K* is called the Stefan-Boltzmann constant. The symbol

( AF 727 7—RIVYRVER )
e represents the fzmggivit); of the object's surface, which has a value between 0 and 1,
depending on the composition of the surface. A surface with the maximum emissivity of 1.0
is said to be a blackbody radiator, but such a surface is an ideal limit and does not occur in
nature. Note again that the temperature in Eq. 2-2 must be in kelvins so that a temperature

of absolute zero corresponds to no radiation.

PROBLEM - Il
Consider the slab shown in Fig. 2-1. Suppose that L =25.0 cm, 4 = 90.0 cm?, and the
material is copper. If Ty =125 °C, Tc=10.0 °C,and a steady state is reached, find the con-

duction rate through the slab.

PROBLEM - lll
A sphere of radius 0.500 m, temperature 27 °C, and emissivity 0.850 is located in an enviro-

nment of temperature 77.0 °C. At what rate does the sphere emit?
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