| ] il \Y) \' Vi
Uniform fields or Point charge g Sphere with charge Q Arc with Point P at Hoop with P offset Cylinder
nonlinear superposition and sphere within a center of the arc along an axis passing
fields that are drawn. sphere thru center
E given (or Vis given) All four of these problems use the same equation derived from Gauss’s Law § B.dA = Qenc
$B - dA = ene E(4nr?) = %ene =4LM k=4ieo €o
If Vis given instead of 0 €a 0 ‘o € €0 U
E Use E = k= to find Use E = k=" to find EZkQ EZkQ Qonc
T ) res 72 2 EQnrl) =—
All the individual Ej, E at various points (inside dgq dq €o
you can use the vectors due to each the sphere r<R, on its dE =k 3 dE =k =z _ Qenc
equation charge q; acting a surface r = R, and outside dq - 2nrleg
_ . av point P. Add all the sphere r > R). J dEy = J kFCOS 6
T dr the individual dex 5= Q
Density =[x dq 0 L
to solve for E . E; vectors to find the 0 dq = | Koz cos __4
total electric field E. A= T dl 2mreg

Usually these
problems
involve uniform fields
or
when non-uniform
they
allow you to find
average
E between two equal

potential line values.

E_V
T d

If a new charge appears at
point P, then you can find
the force on the new
charge
due to the field £ .

Fg = qnewEtotal

r <R in aninsulator
Qenc _ Qtotal

V;anc

Vtotal

Qenc _ Qtotal

= G

kQ
E, = fmdl cos 6
r=R
Arc length dl = Rd6O

kQ
E, = fﬁcose deo
kQ (°

E, cos6 do

T RLJ,
Ey

= 2L (sin8;, —sinf,)

k
E, = —cos deq
r

kQ

E,=—cos 0
X r2

cos 6 =§ andr =
VR? + x?

kQx
Ey = (RZ + x2)3/2

r<Rin aninsulator

Qenc _ Qtotal

Venc Vtotal

Qenc _ Qtotal
nril  mr’lL
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E—_ d_V V= kZ& Change in potential The arc consists of many| The hoop consists of | Change in potential
T dr T moving from pointato b charged spheres many charged moving from point a to
q1 q2 b lect h ( t b
V= —fEdr Veotal = k <_ _ (protons or electrons) | spheres (protons or
o N av = . E dr to total. electrons) to total. b
Usually these LB Q3 iy ) b, o v = —fa Edr
problems T3 AV = — j (k —2) dr —k q1 KR 92 ) q3 4 Vv b, 3
involve uniform fields.| If a new charge appears at a, r T, T 9, 92 = —f ( )dr
V =Ed point P, then you can find V= —kQ (i) dr =k <7"1 = a \2TTE€
the energy on the new a \r? All points are at the | , 93 )
charge due to the total V =k Qenc {b same distance r, and 13
potential V . r la R=r. f
aneo
Us. = V, 1 1
E = 9newVtotal V:kQ(E—a> V=k% V:k% 2
If released the charge is (fa=ccandb=R) All points are at the ~ T 2ne, (nb
released you can find its same distance r, —Ina
speed V= kQ where
R r=+RZ + x2 _ A né
Qnintotal V =k Q 27‘[60 a
= Emnewv new \ R? + x*
2005-1 2000-2, 2001-1, 2006-1 1996-1, 1997-2, 1998-1, 2002-1 1999-3 1998-1, 2000-3
1999-1, 2003-1, 2004-1,
2007-2, 2008-1
| ] m v Vv VI
Fixed Magnet Wires and Superposition Cylinder with current [ Arc with Point P at Hoop with P offset Solenoid
Cylinder within a cylinder center of the arc along an axis passing
thru center
These two problems use Ampere’s Law These two problems use Biot-Savart
§ B = polene 5 - Mo 1Al X7
Ar  r?
B % dl = ﬂolenc Bs = Monl
In Ampere’s Law dl is the length of the magnetic field dB = ﬂlilsm 0 N
which circles the wire, with a sum ofgﬁgl) = 2nr 4m 1 =1

Lower case 1 is used since we are measuring the to
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field. This theta is the angle between [ and r and is | where N is the number
B uniform and given | B(2nr) = polene usually 90°. The sin of 90° is 1, eliminating this | of loops in the solenoid
theta. and L is the solenoid’s
If a moving charge _ ﬂlenc faﬁ _ @Lﬂ length.
passes 2T 155 41 12
through the fixed field _ ﬂlil B HoN Hot
Fy = quB 4w r? STL
The trick way to find n
If a wire passes Use Use f dl Xx-components are is to use only a single
through _ ﬂlenc _ ﬂlenc 47Tr needed, introducing a| loop of whole solenoid.
the fixed field 21 1 2m 1gs second theta.
In Biot-Savart dl is the Magnetism’s N=1
Fg = ILB to find all the B vectors to find B at various points | length of the wire. Thisis|  geometry is odd,

due to the arc length since it acts at 90°. L = diameter of the
each wire carrying a Point B wirer.
. current . Ienc _ Itotar %dl — RO iB. = &leSln g
| a distance r from a point Vene  Viotal X 4t 2 B — 1 I
P. Add all the B vectors to Use upper case R when _ ﬂ_i ol al s = HoGia
find the total B. If a Ienc  ITtotar working with objects. X Amr2 sin f
moving nr?l  mril However, in this problem _ kol
charge passes through In Biot-Savart dl is *  dia
point P R=r,so the length of the
§ dl =16 wire. This is the arc
Fg = quB p length
= &— jgdl = 27R
If a wire passes through Amr?
point P B = ﬂie Use upper case R
Amtr when working with
Fp=1ILB Where theta is the angle| p objects.
of the arc measured in xllo I
radians. Note: thiswill | = 272 sinB(2mR)
also solve for an entire
hoop where theta is 2rt o IR
radians. x = 77«_51119
2000-3 2008-3 1996-3, 2005-3
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