- f E-d0=AV.IfEis zero, it means that AV is zero, meaning V doesn’t change——that’s all we can
say. We choose the place where V is zero, and the region in question may or may not be that place.

E=-VV.A gradient is a derivative. Unless we know how it changes in the region, we can’t find E.

The difference in potential energy per unit charge is given. Therefore, to find the difference in the potential

energy, multiply by the charge. AU = g, AV = (=1.6x10-19C)(295V-0V) = —-4.72x10-17]. The final kinetic
energy is this magnitude. 4.72x10-17J = 14(9.11x10-3lkg)v2 = v = 1.0x107m/s

E=-VV =V increases opposite the field. Eis in the negative direction, so Vy, must be higher.

240V
(b)IEl= | wVil= 03m = = 800N/C. (c) AU = q, AV = (-0.2x10-6C)(-240V) = 4.8x10-3]. The force on the

negative is opp051te the field, so it is in the positive direction. Thus it does negative work and the potential
energy increases. Work = —4.8x10-5J. Or F-d9 = IFI 191 cos 6 = [(0.2x10-6C)(800N/C)](0.3m)(~1)

— — a XQ . . yQ
E=-VV = Ex =00V = dne, (xay2ez2)32 - Similadly, By = 3 1v2 230

ZQ = A A f
z = 4WEO(X2+y2+Z2)3/2 .Thus, E=Ex 1+ Ey j+Ez k=

’ 4me (x2+y2+z2)3/2 (xi+yj+zk) .But

(xi+y]+zkisjust T,orrt. Thus, E =

A
Age, (x2+y = dme 2t

There are six pairs of negative—negative potential energy at a separation of V2 d, and six pairs of

positive—positive potential energy at a separation of V2 d. Because U is positive, corresponding to a repulswe
k k k
S 10k \/ﬂd = 8.49 C‘}
Each positive attracts each negative. There are 12 attractions at a separation of d and 4 at \/_ 3d.
k - k (+ k g2 2 kg2
Utract = 12 x SOFDCED |y KOEOED 50 K - (C143148.49) q = 5824
d V3d d d

(b) Well, the overall potential energy is negative, which means that to pull everything apart, you’d have to put
in positive energy. Conversely, it is a lower energy state for these atoms to be in a crystal, rather than separate.

force, if charges are of the same sign, these all have the same value. Urepe] = 12x



All the charge in the annular region shown is the same distance from the point P, so it all would produce
the same potential there. Thus, this region is good for dq. I choose r” for
my variable of integration. As is always the case, the d(whatever) is never
Jjust “thrown in”’to the integral; it comes from the dq, through a
relationship between charge and that variable, be it a distance, or an angle,
or, as here, an area.
charge —
dq = arei d(area) = o (2nr” dr”) r=Vr2+x2
(You won’t see sine or cosine below. Potential is a scalar!)

R R

kd ko dr’ I
V=de=J q _ [ko@uidr) _, oviZex? |
r \/?2+X2 0

- 9 _ 1
=21k 0 (VRZ+x2 - x). (b) - 3 21k 0 VRZ+x2~x) =21k 0 (\/E;__z-l)=2600 (1-\@;__2).
+X +X

This shows obtaining Ex from a derivative of V. The reverse is obtaining AV by integrating E.

I choose to integrate in the positive direction along the x axis (the only place where I know E), using an x”

for my integration variable, from the point X" = x to the point x” = o0, where I know the potential to be zero.
f ¢ o kKQ | _ kQ
— — X
Vi-Vi==JE-d2 — Ve -Vy=-|EX)dxcos0°=- |k . s3pdx’'= " |=- "~
f 1 ,lf X Xf (X ) X COS XJ (X 2+ 212)3/2 X \/;/2+a2 )l( \/;2+a2

Setting Voo = 0, we have 0 — Vx = - or Vy =

kQ
Vx2+a2 \/— 2+a?
You might think it more natural to integrate from o to x (rather than from x to o), from where we know the
potential to where we hope to find it, and you may thus find it puzzling that in all examples in the chapter the
actual integration is always in the positive direction. It is wise to do this, for it is very easy to make a sign error
when doing a line integral in the negative direction.

(agrees)

(9x109N-m2/C2)(1.6x10-19C)?
2(1.2x10-15m)
(9%x109N-m2/C2)(2x1.6x10-19C)2
3.5x10~15m

3
= v = 7.3x10m/s. (c) ) (1.38x10-23J/K) T = %(1.67x10-27kg) (7.6x10°m/s)2 = T = 2.3x109K

kqq
KE — PE, or 2 x J4mv2 — .~ or 2 x %(1.67x10-2kg) v2 =

= v = 7.6x10%m/s. (b) 2 x 4(2.99x1.67x10-27kg) v2 =

3
5 (1.38x10-23J/K) T = 14(2.99x1.67x10-27kg) (7.3x100m/s)2 = T = 6.4x109K. (d) The sun’s temperature

would seem too low, but there will always be particles moving faster than the rms speed——and some don’t
have to actually surmount the electrostatic barrier, but can “tunnel” through quantum-mechanically.



