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Consider two vectors A = A,i + A,j + A,k and B = B,i+ Byj + B.k.

° g-ézABcos¢:ABA:BAB.

e A.B=B-A

e A-B=AB if A|| B

e A-B=0if ALB.

o A-B=(Ayi+ Ayj + Ask) - (Byi + Byj + B 12;)

= AzBy(1-1)+ AzBy(i-7) + Az B (i - k)
+AyBy(j 1)+ AyBy(j - 5) + AyB:(j - k)
+A. B, (k 1)+ A.By(k-j)+ A.B. (k- k).




Consider two vectors A = A,i + A,j + A,k and B = B,i+ Byj + B.k.
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X B :ABsmqbn C—AxB
e AxB=—-BxA.
e AXxA=0
e AxB=ABn if AL B.
e AXB=0if A| B.
o Ax B=(Asi+ Ayj+ Ak) x (Byi+ Byj + B.k)

= AzBy (1 X 1) 4+ Az By (1 x ) + Az B (i x k)
+Ay By (j X 1) + Ay By(j X ) + AyB:(j x k)
+A,By(kx 1)+ A.By(k x7)+ A.B.(k x k).
—kxk
X k=1,

~

e Use z><z—g><

A

i X ] =k,

0,

~

J -
J X kx1=17.

e = AxB=(AyB, — A.B,)i+ (A.By — Ay B.)j + (Az B, — AyBy)k.




N: number of turns

I: current through wire

A: area of loop

n. unit vector perpendicular to plane of loop
i = NIAn: magnetic dipole moment

B: magnetic field
T=[ X B: torque acting on current loop




Consider a nonconducting disk of radius R with a uniform surface charge density o. The disk
rotates with angular velocity &.

Calculation of the magnetic moment z:

Total charge on disk: Q = o(7R?).

Divide the disk into concentric rings of width dr.
2m

Period of rotation: T' = —.
w

e d
Current within ring: dI = ?Q = a(2m~dr)2i = owrdr.
s

Magnetic moment of ring: du = dI(7r?) = rowr3dr.

R
Magnetic moment of disk: p = / rowrddr = %aR‘lw.
0

1
4

Vector relation: i = ZJR‘“ = —QR%.
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magnetic field: B (horizontal)

area of loop: A = ab

unit vector _L to plane of loop: n
right-hand rule: n points up.

forces on sides a: F' = IaB (vertical)

forces on sides b: F' = IbB (horizontal, not
shown)

torque: 7 = Fbsinf = IABsinf
magnetic moment: i = I An

torque (vector): ¥ = I x B
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Conductors
Y

Armature

Field Cail




Measuring direct currents.

e magnetic moment i (along needle)
e magnetic field B (toward right)

e torque ¥ = ji x B (into plane)




e Electric dipole moment: = gL
e Torque exerted by electric field: 7= p x E

e Potential energy: U = —5- E

0 0
Uo) = —/ 7(0)do = pE/ sin 0df = —pFE cos 6
/2 /2

Note: 7(6) and df have opposite sign.
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e Magnetic dipole moment: i = IAn
e Torque exerted by magnetic field: 7= [ x B

e Potential energy: U = —ji- B

0 0
Uo) = —/ 7(0)do = ,uB/ sin 0df = —uB cos 6
/2 /2

Note: 7(6) and df have opposite sign.

L =lAn "‘

A
n

(o) oy
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The rectangular 20-turn loop of wire is 10cm high and 5cm wide.
It carries a current I = 0.1A and is hinged along one long side.

It is mounted with its plane at an angle of 30° to the direction of a uniform magnetic field of
magnitude B = 0.50T.

e Calculate the magnetic moment p of the loop.
e Calculate the torque T acting on the loop about the hinge line.

30°
-
O
S
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A negatively charged basketball is thrown vertically up against the gravitational field g.

Which direction of

(a) a uniform electric field E,

(b) a uniform magnetic field B

will give the ball a chance
to find its way into the basket?
(up/down/left/right/back/front) g




An electric current flows through each of the letter-shaped wires in a region of uniform magnetic
field pointing into the plane.

e Find the direction of the resultant magnetic force on each letter.

Dt L
0o U
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A triangular current loop is free to rotate around the vertical axis PQ.

If a uniform magnetic field B is switched on, will the corner R of the triangle start to move out of
the plane, into the plane, or will it not move at all?

Find the answer for a field B pointing

(a) up,
(b) to the right,
(c) into the plane. P!
I < R
, (& } B
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Method for dermining whether charge carriers are positively or negatively charged.

e Magnetic field B pulls charge carriers to one side of conducting strip.

e Accumulation of charge carriers on that side and depletion on opposite side produce
transverse electric field E.

e Transverse forces on charge carrier: Fgp = qF and Fg = quyB.

e In steady state forces are balanced: Fp = —Fj.
e Hall voltage in steady state: Vg = Fw = vy Bw.

positive charge carriers negative charge carriers
& &
+|I— A AN 4|y -
I IF—/VV
X X_ X X X X X X X X X X X X

Ein Bin
IT x %X X X X X X b I' X X X X X X X Al
ottt b+




Release particle from rest.
Force: F = q(E + ¥ x B)
dvg dvg qB

() Fo=m=m = —auwB M
dv dv B E
(2 Fy=m—2 = quyB+qF = y _ 4 vw—l—q—
dt dt m m

Ansatz: v.(t) = wg cos(wot) + Uz, vy (t) = wy sin(wot) + uy
Substitute ansatz into (1) and (2) to find wz, wy, Uz, Uy, wo.

B B
(1) —wowy sin(wot) = —q—wy sin(wot) — q—uy
m m
B E
(2) wowy cos(wot) = q—fww cos(wot) + q—uw + =
m m m
E qB
= Uy =0, Ur=——=, wo=—, Wgx=Wy=w
B m
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e Solution for velocity of particle:

valt) = [cos (‘J_Bt) _ 1] w0 = L sin (‘J_Bt)

m m

e Solution for position of particle:

0= 2 f on(2) - - e (2) -2
0= o () - 2 o (2)

e Path of particle in (x, y)-plane: cycloid
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Consider a rectangular conducting loop in the zy-plane with a counterclockwise current I = 7A in

a uniform magnetic field B = 3Tx.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.
(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
O9m
< b
v A 5m
> a
X
—>
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Consider a rectangular conducting loop in the zy-plane with a counterclockwise current I = 7A in

a uniform magnetic field B = 3Tx.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.
(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
9m
< b
v A 5m
> a
Solution: X
Z
B

(@) 7= (7A)(45m?)k = 315Am?>k.
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Consider a rectangular conducting loop in the zy-plane with a counterclockwise current I = 7A in

a uniform magnetic field B = 3Tx.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.
(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
9m
< b
A
Y I om
> a
Solution: X
—
2 B

(@) 7= (7A)(45m?)k = 315Am?>k.
(b) F=1IL x B = (7A)(5mj) x (3T%) = —105Nk.
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Consider a rectangular conducting loop in the zy-plane with a counterclockwise current I = 7A in

a uniform magnetic field B = 3Tx.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.
(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
Om
< b
v A 5m
> a
Solution: X
%
£ B
(@) 7= (7A)(45m?)k = 315Am?>k.
(b) F=1IL x B = (7A)(5mj) x (3T%) = —105Nk.
(€) 7= jix B = (3156Am?k) x (3T%) = 945Nm}
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Consider two circular currents I; = 3A at radius r1 = 2m and Is = 5A at radius ro = 4m in the
directions shown.

(a) Find magnitude B and direction (®, ®) of the resultant magnetic field at the center.

(b) Find magnitude x and direction (®, ®) of the magnetic dipole moment generated by the two
currents.

l5

P

',
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Consider two circular currents I; = 3A at radius r1 = 2m and Is = 5A at radius ro = 4m in the
directions shown.

(a) Find magnitude B and direction (®, ®) of the resultant magnetic field at the center.

(b) Find magnitude x and direction (®, ®) of the magnetic dipole moment generated by the two

currents.

Solution: | 2
3A 5A

(a) B = 0BA) _ moBA) g o 785 % 10-7T

2(2m) 2(4m)

= B=157x107"T ® '
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Consider two circular currents I; = 3A at radius r1 = 2m and Is = 5A at radius ro = 4m in the
directions shown.

(a) Find magnitude B and direction (®, ®) of the resultant magnetic field at the center.

(b) Find magnitude x and direction (®, ®) of the magnetic dipole moment generated by the two

currents.

Solution: | 2
3A 5A

(a) B = 0BA) _ moBA) g o 785 % 10-7T

2(2m) 2(4m)

= B=157Tx107"T ®
(b) p = m(4m)?(5A) — w(2m)?(3A) = (251 — 38)Am? '

= u=213Am? ©
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A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to

rotate about the axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic
moment i (magnitude and direction) of the triangle.
(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.

(c) Find the magnetic force Fy (magnitude and direction) acting on the long side (hypotenuse) of
the triangle.

(d) Find the force Fr (magnitude and direction) that must be applied to the corner R to keep the
triangle from rotating.




i

T 1l

AR SR

A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to

rotate about the axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic
moment i (magnitude and direction) of the triangle.
(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.

(c) Find the magnetic force Fy (magnitude and direction) acting on the long side (hypotenuse) of
the triangle.

(d) Find the force Fr (magnitude and direction) that must be applied to the corner R to keep the
triangle from rotating.

Solution:

(@) = (3A)(32m?)i = 96Am?1.
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A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to

rotate about the axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic
moment i (magnitude and direction) of the triangle.
(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.

(c) Find the magnetic force Fy (magnitude and direction) acting on the long side (hypotenuse) of
the triangle.

(d) Find the force Fr (magnitude and direction) that must be applied to the corner R to keep the
triangle from rotating.

Solution:

(@) = (3A)(32m?)i = 96Am?1.
(b) 7= x B = (96Am?7) x (0.5Tk) = —48Nm.

X
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A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to

rotate about the axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic
moment i (magnitude and direction) of the triangle.
(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.

(c) Find the magnetic force Fy (magnitude and direction) acting on the long side (hypotenuse) of
the triangle.

(d) Find the force Fr (magnitude and direction) that must be applied to the corner R to keep the
triangle from rotating.

Solution:

(@) = (3A)(32m?)i = 96Am?1.
(b) 7= x B = (96Am?7) x (0.5Tk) = —48Nm.
(c) Fy = (3A)(8v2m)(0.5T)(sin45°) = 12N .

X
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A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to

rotate about the axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic
moment i (magnitude and direction) of the triangle.
(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.

(c) Find the magnetic force Fy (magnitude and direction) acting on the long side (hypotenuse) of
the triangle.

(d) Find the force Fr (magnitude and direction) that must be applied to the corner R to keep the
triangle from rotating.

8my
Solution: B

(@) = (3A)(32m?)i = 96Am?1.

(b) 7= x B = (96Am?7) x (0.5Tk) = —48Nm.

(c) Fy = (3A)(8v2m)(0.5T)(sin45°) = 12N .
(d) (—8mk) x Fp = —7 = 48Nm} = Fpr = —6Nu.

X
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