Homework 1 - Aidan Sharpe

1
iff =4z 4+ 49 — 2% and B=3:—1. 53 + 2, find the acute angle between A and
B

Definition of dot product:

—

A B = (A;B,) + (A4yBy) + (A.B.) = || A]|| B cos(¢)
Solve the dot product:

A-B=4-3)+(4-(-15)+((-2)-1) =4

Magnitudes of the vectors:

Al = /42 +42 + (-2)2 =36 =6

2
_ 3 49 7
Bl = 2 _2 12 = - _ 2
1B \/3+(2)+ =3

By the definition of the dot product:

4=6- ;cos(cp)

4
ncos(p) = 5

4
. = arccos (21) =1.379 = 79.02°

2

—

1f£:§ﬁ+5¢+22 and B = 5p + cos(p)p + p2, find (a) A- B
atr=19y=12=1.

and (b) A x B

Convert from cartesian to cylidrical:

A

= arctan (

é

Losie
I

Find[fandéatle,yzl,z:lz

- 10
A= —p+5p+22=5V2p+5p+22
P8 p+5¢

3} 3
B:5ﬁ+cos(%)¢+\/§2:5ﬁ+g¢7+\/§2

—_



a) Find 4- B

8= () (o) ¢ ()7

b) Find A x B

¢ 2
5 2| =4v2p—202
2

3

Two point charges have mass 0.2g. Two insulating threads of length 1m are
used to suspend the charges from a common point. The gravitational force is
980 x 107°N/g.

Define ¢ as the angle between the threads, « as half of that angle, and £ as

5 — a. This way, o and 8 make a right triangle with the leg adjacent to «

making a perpendicular bisector of the distance between the charges, r.

Find the distance, r:
g = (1m) cos(5)

s =2cos(f)

By Coulomb’s Law, the electric field force on each charge, F"e, is:

2

=1 q A

Fo=——%
dmegr

Pluggin in for r,

F. = mm
The force due to gravity on each charge, ﬁg, is:
F, =0.2-980 x 107° = 0.00196(—§)N
Assuming static equilibrium:
Y F,=0=F., +Fp, +F,

ZFZJ :O:Fey +FTy +F9y
Where:

Fr, is the x-component of the force due to tension in each thread, Fr.



Fr, is the y-component of Fr.

Since Fy only acts in the g direction, and F¢ only acts in the & direction:
Fe,+Fr, =0
Fr,+F, =0

Define the components of the tension force Fr:

Fr, = Frcos (g + a) = —Frcos(p)

Fr, = Frsin (g + a) = Frsin(p)

Solve for Fr using equilibrium in the § direction:

Frsin(B8) — 0.00196 = 0

0.00196
sin(3)

Plug in F7 to solve equilibrium in the & direction:

FT =

o+ (ST eontan =0

.. Fe =0.00196 cot ()

a) When ¢ = 45°, solve for the charge, ¢:

Since@z%,a:%,andﬂ:%ﬂ.

Known:
e
Fp=—1———
167eg cos?(B)
F, = 0.00196 %)
sin(8)
Set equal:
e
———— = 0.00196 cot
167eg cos?(B) cot(8)
3
=1 cos” ()
C.q 6meg sin(6)
Plug in for 8 and solve for ¢:
3 (37
g== 16w50(0.00196)w — £2.300 x 1077C
sin (27)



b) When ¢ = 0.5uC, solve for the angle, ¢:

Known:
*
Fo=—9%
167eq cos?(6)
F, = 00019650
sin()
Set equal:
¢
— ———~ = 0.00196 cot
167eg cos?(p) cot(8)

Plug in for ¢:
(0.5 x 1076)2 cos®(3)

16720(0.00196)  sin(B)

_cos?(B)
. sin(ﬂ) = 0.287
- =00915

Using B to solve for ¢:
o= g — B=10.656

p =20 = 1.314 = 75.257°

4

The magnetic field, B = Bo(Z + 24 — 42) exists at a point. Find the electric
field at that point if the force experienced by a test charge with velocity, v =
vo(3% — g+ 22) is 0.

Lorentz Force Law:

Since E is 0:



5

A circular loop with radius, a, exists in the x-y plane. If the loop is uniformly
charged and has total charge, ), determine the E-field intensity at some point
along the axis normal to the loop.

o dq
E p— P
/ 4meqr? "

Calling the distance along the normal axis z:

By Coulomb’s Law:

r2=a2—|—22

Along a uniformly charged line, the charge, dq, at any given point is given by
the equation:
dq = Adl

Where:
A is the linear charge density

The linear charge density, A is defined as:

)\:

=~

Where:
@ is the total charge
L is the total length

For a circular loop with radius, a, and total charge, Q:

_Q
21a
dl = adyp
Qdy
coaq o
Plugging into Coulomb’s Law:
27 Qd
— sﬁ N
EF= | —F—F7——
/ 8m2ep(a? + 22)1"
0
Q 2m
E=——" |7
' 8m2ep(a? + 22) /r v
0



Find 7 in terms of &, ¢, and 2:

Back to Coulomb’s Law:

27
E= 877250((12% 22)3/2) /(a cos(p)Z + asin(p)y + 22)dp
0
By components:
27
Ee = 87r2go(aa2% 22)3/2 /COS(W)dw =0
0
27
By = 871'250(;;%_ 22)3/2 /Sin(@d@ =0

0
2

E. = Q@ /d = @
7 8m2gq(a? + 22)3/2 v dmeg(a? + 22)3/2
0

Recombining:

E= < 5
 dmeo(a? + 22)3/2

6

Consider a circular ring in the x-y plane with inner radius, a, outer radius, b,
and uniform charge density, ps. Find an expression for the E-field at a point at
distance, z, along the axis normal to the ring.

By Coulomb’s Law:
dq

7
4dregr?

~

dE =
Calling the radial distance, p:
2= p? 4 22

For surface charge densities:
dq = psds



In cylindrical coordinates:

ds = pdpdp
Plugging into Coulomb’s Law:
PspP
rdpd
B [ ety rinte
7 is defined as: L
. pt+z
T =
p2 _1_22
Where:
Z=2zZ

p = pcos(p)® + psin(p)y
Splitting 7 by components:

peos(p)i + psin(p) + 22

f:

Back to Coulomb’s Law:

2w b
F— _Ps //p2 cos(p)a + p* Sin(w)ﬂ+p22dpdw
e (p% + 22)3/2
0 a
By components:
2w b
p? cos
E, dpdp =0
47760// p2+z2 3/2 pae =
0 a
p?sin(e
dpdy =0
By = 47T€o// (p? +223/2 pay

27 b
Ps Pz PsZ 1 1
EZ = dpdp = _
47T€Oo//(P2+ 2372 P = o, (\/z2+a2 \/22+b2>

Recombining:

E= ps( ! L >z
200 \V22 1 a2 V212



7

Consider two concentric cylindrical surfaces. The inner having radius, a, and
charge density ps, and the outer having radius, b, and charge density —ps.

By Gauss’s Law:
by = Qene _ f{ E-dA
€0 S

The E-field for a cylindrical surface with radius, p, and length, [, is given by the
equation:

Qenc
2mplE =
Tp =
a) For p < a:
Qenc =0
LE=0

b) For a < p < b:

Qenc = 2malps
Where:

[ is the length of the section of the cylender.

2malps
omplE — 2Talps
€0
- B = aps
. PEO
c) For p > b:
Qene = 27lps(a — b)
2mlps(a — b
omplE = 2Tsla—b)
€0
E: ps(a_b)
PEO
8

Consider an infinite slab of thickness, d, centered on the origin (z =0, y = 0,
z = 0).

By Gauss’s Law:
g = Qene _ 7{ E.-dA
&0 S



a) Find the strength of the electric field inside the slab (|z| < d/2):
Qenc = pulw}l

]{ E -dA = E(2lw + 2lh + 2wh)
S

_ polwh
~ 2eo(lw + lh + wh)

Where:

[ is the size of the x dimension of a Gaussian rectangular prism centered on the
origin,

w is the size of the y dimension of that rectangular prism,

h is the size of the z dimension of that rectangular prism

b) Find the strength of the electric field inside the slab (|z| > d/2):

pulwd

Qenc = 2

f{ E -dA = E(2lw + 2lh + 2wh)
S

B pulwd
 deo(lw + Lh + wh)

Where:

[ is the size of the x dimension of a Gaussian rectangular prism centered on the
origin,

w is the size of the y dimension of that rectangular prism,

h is the size of the z dimension of that rectangular prism
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