Instructor: Tomoyuki Nakayama Wednesday, May 11, 2011
PHY 2005 Applied Physics 2 - Summer 2011
Solutions for Suggested Homework Problems (Chapter 19)

1. Each electron has a charge of —e, where e = 1.6x107'° C. Thus in 1-C charge, there are
1 C/ (1.6x107*° C/electron) = 6.25x10'® electrons.

7. A proton has a charge +e and an electron has a charge —e. They are unlike charges, thus
the force on the electron is toward the proton. The magnitude of the force is given by
Coulomb’s law. Coulomb’s law yields

F = ke?/r’ = 8.20x10° N

9. (a) Applying Coulomb’s law, we obtain

F = k1q;11g21/r = 4.32x107° N,

where g; = 0.3 pC and g, = -0.4uC. The force is attractive because they have opposite signs.
(b) After the two identical spheres are touched together, the charge distributes itself so that
each sphere has an equal amount of charge. Each sphere has a charge of g = (g;+ g»)/2 = -
0.05 pC. Coulomb’s law yields

F = k|q|?/r? = 9.00x107 N.

11. (a) Electric force is proportional to 1/r’>. We use the ratio of the force at r; = 4 m to the
force at r, = 3 m to obtain

F(r2)/F(ry) = (1/r°)/(1/ri?) = F(r2) = (r’/ ri® )F(r) = 4.44x10°° N.

(b) Coulomb’s law yields

F = klg:|17q:1/r? = q; = £rV(F/7k) = £2.52x107° C.

Since g>= 7qy, we get

g; = +2.52x10° C, g,= +1.76x10® C and g; = -2.52x10° C, g,= -
1.76x10°8C

16. The angle between one of the threads and the vertical is 8 = 14°.
Applying Newton’s 2" law in the vertical direction, we get

Tcos6-mg = 0 = T = mg/cosf

Newton’s 2" law in the horizontal direction yields

F - Tsin@ = 0 = F = Tsin@ = (mg/cosB) sin@ = mgtan6.

We apply Coulomb’s law to obtain

k|g|?/rP = Ttanbr = q = * rv(Ttan6/k) = £6.10x10°C

22. Coulomb’s law yields the forces on the -4-uC charge from the y
other individual charges. a |
F31 = klgsllq: |/(52\/2)2 = 0.400 N T 99,=+2 o
Fs2 k|Qs||Qz|/62 = 1.20N
Fas = klgsllg4l/a® = 2.00 N
According to the superposition principle, the net force is given by the
vector sum of these three forces. The x component of the net force
is

F,
Fsx = F3; C05135° - F3,= - 2.28 N Gmrs Ty R
The y component of the net force is i A e x
F3, = F3;5in135°- F3; = -0.917 N I a q,=-4
We apply Pythagorean theorem to obtain 7,
F3s=V(F3>+F3,°) = 2.46 N -

23. (a) The magnitude of the force is F = |g|E = 1.5x102 N. The direction of the force is the
same as the direction of the field.

(b) The magnitude of the force is F = |g|E = 1.5x102 N. The direction of the force is opposite
the direction of the field.

28. The magnitudes of the electric forces on £9uC charges are both



b)

F = |gE| = 5.4x103 N

(a) The electric force on the ball is directed downward. Apply
Newton’s 2" law to obtain

T-F-mg =0 =T =F + mg = 3.48x102 N

(b) The electric force on the ball is directed upward. Newton’s 2" o
law yields +q (8
T+F-mg =0 =T =-F + mg = 2.40x102 N Fa lmg

Flpr

lmg

31. The electric field due to q; = -2uC and that due to g, = -3uC are in the same directions in
the region to left of q; and to the right of g,. The fields due to gq; and g, are in the opposite
directions between the two charges. Therefore, the location where the electric field vanishes

must be between the two charges.

klq:1/x? - klgz| /(0.5-x)* = 0= (0.5-x)° /x* = 1q2|/1q:] =(0.5-x) /x = £V(1q21/1q11)

Only the positive root yields the desired result x = 0.225 m

34. Electric field due to a uniformly charged sphere is the same as the field due to an equal
charge placed at the center of the sphere. Therefore, the field strength just outside of the

sphere is
E = k|g|/r? = 5.63x10° N/C

36. The electric force on the electron is

F =eE =3.20x10'® N

Newton’s 2™ law yields the acceleration of the electron:
a = F/m = 3.52x10** m/s?

Since the acceleration is constant, we can use the kinematics equations. One of them yields

V2-0° = 2ax = v = V(2ax) = 2.37x10” m/s

37. (a) By definition, the potential difference is AV = 10 J/C. (b) A proton has a charge of e

=1.6x10"'° C. Therefore, the work needed to carry a proton through a potential
is W=eAV =1.6x10181J.

44. The potential energy lost in one second is

|AE,|= qAV = 4.4

1 calorie = 4.18 J. Therefore, the generated heat in one second is
4.4 x (1 cal/4.18 J) = 1.05 cal

48. (a) The energy conservation equation yields

AEy + AE, = 0 = (1/2)mv? —q|AV| = 0 = v = V(2q|AV|/m) = 1.31x10” m/s,
(b) The kinetic energy gained by an alpha particle is

AE, =-E, = gAV = 5.76x10713 ]

Converting its unit to eV, we get

5.76x10 ] x (1 eV/(1.6x107%° J)) = 3.6x10° eV

49. We apply the energy conservation equation to obtain
AE, + AE, = 0 = (1/2)mvé - (1/2)mv7 +qAV = AV = m(v# - v7)/(2q) = -11.4 V

difference AV



