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1 Energy stored in a parallel plate capacitor with dielectric
A capacitor consists of two parallel plates, each with area A and separated by distance d,
which is much smaller than the dimensions of either plate. We aim to compare the energy
stored in the capacitor with and without a linear dielectric. In both cases we will assume
that the plates are charged uniformly with equal and opposite free charges of magnitude Q.

a) Without calculating any fields, will the energy stored when the dielectric is present be
less than, more than or the same as when the dielectric is absent? Explain your answer.
b) Determine the energy stored in terms of @, A, d and the dielectric constant.
¢) By what fraction is the energy different to that if the dielectric were absent?
d) Determine the energy stored in the capacitor in terms of the capacitance
eA
C=—
d
and Q.

Feld will be less . Tous o owgy shored we the

Answe &), The ouvedll

e _f.f;—&; f feld will be Lss uni
E b | TEE, o
— \L ,‘;.-.ﬁwi,,_,;,..,,i, ta  cuelechne

Wt--ijﬁ’gd\“c

) =3 - .
wnd we wwd D owd B s wall 0/\\3 be  n-rwo betwesn

Y plakes . The Shai-cgﬁ X -
S R B e B .
| Given GF \\/ ,—-—D{"j F‘”‘:E’ e ~ :“M S >
P ) U:D =pF ' R
I_.f P | E = éq;b /4,’
| oR / U

D4 =G Fo

g
>

— — o
o hrd B we noke  thaf Syrne by impleies ~ pf

. ¥

D= D)2

_PP



We uwse o« pi"bo’ac a5 o Pawnm  swhi

Y

Ter on e fop 5w&£¢a/uﬁo‘& oG A

R e P

{84 - jfé,ida = 0 T

] . +”P|"
Sin@ D=0 \ns\‘c{z,ffeta.. _ car\d/ucﬁf\e Plﬁﬁ:&-
On Yo boltum swfuce  dit = - da2

[Brde = -dj”o%h;) do. =  -Dyi)a
bgltav
On ¥ nde swihen da Vs pu,mouculw P

§ Deda =0
Y

Addang ol ghueo:

S e
§Dda = 4 fe e =P ~Dx) o= Opa
S _ - i e ks
s S O ouhde
-O";n% nsde.. ,

Toon —Eﬁ_; ? o oulride

ST e ande
&

So  Hu vwgy shred s

U= %jﬁﬁdz = ‘m" 5&1:

nsieke.
LN

volwne behoan plabes

U= Of dA
"¢

= dA




g Qr= OFA = Op= 8%

A

) withowt e dieleche

Gr'd
26 A

Uw\mm‘}' =
WA the  digleee

/u mih, = Qmiiém

26 A
Gftd 1
B &= €,C, =D U = —— = = Uy
o 2606 A eru“"“”“ '

Sine 6>l b vegy wibe s Y of swgy witow)

| 2 | 2
) Uwit = @i ;&\)“ T &




Magaetism 14 maber

N te same  way Wat mather  wn respord o exdonal el felds i+
Con Glso res ponck b exdernal Maflnzh‘c Nelds . This can have an elfect en
she Yol magube held

Cons-'\clb‘, for  oxemple on eethon i a wiform magnehe el . Ve

Reld exorls 4 Jorce on #ea
electron. Tws s cldemined v

@HH\ @ O B T ¥ o=
e Vv s F =g VrRet
et X
O 'f; O, O “That causes e sechon o
Q @ O arbiv. The érb{hﬂj eledon

con be regwded 0 a cwrrent loop

Ta's cument produws maﬂrwh'a

Fed opposik o He exteread Sod,
Tias s a O\A'amaﬁ/uhL effect and s

Obseved 10 sinahows  like ‘\_“‘“2-

'wa basic vodel we uie WEOI' M&Lﬁwh‘sm ,;M, M&,L@{al& s 1 M@Wd Hog
mavnal oS Conm\‘AfAﬁ maﬂmh‘c ,dﬂpolg‘s, So we wll negd

* O O\ESUiph'wL o; oA (splafed majuh'(, O{L‘Dolﬂ

¥ 0o " v vhe Ry Pwtumd bﬂ a magehc oU‘Palt

¥ 0o " e o and Torque  produced by an external
Maﬂneh‘(., ‘Fl,e,ld on & Mgmh‘a oujgok



Naﬂr\eh‘c fdds ond Tforas

Te basic tule for magnzh'c, fore  considus @ th‘o(e.%« o hed
‘:) producd by o¥e

Magnehc fod & O (v) Sowes .

p roduiced by @ 'Parde d““"fi” %
cowrg (WG & HORNO velooty

Ton  He Yoree  exoried b& . Magneht Reld on W poakide (s

F: q/(\—‘l')(ﬁ)

/]\w,gc con e %Wah‘zgal 0 foras exerted on  cwrents L

C o
Lingar  cument B o J”_[ M xR
; %W.'.:”‘_L loop
= A
Swlae cuent == ij-g e
e n:'*m“::‘;f cwiac.

T e s e
e

KO‘\r

Nolme  cwrent




We am D opply His o beps of  cunent such as Hear
Nustialed - whoe & squae loop s wnfom Magrht Yeld. We can
see  Huat
x He Toras on opposie sides wncl
=) EM,F:-C)
st Net doque Gbowt ¥e conter I

not wo,
We went o desenbe  Hee forque in doms of He cwret canﬁlg,umh'& F the
0op ond Huis s deswbed by magnehe Mpdles

Mfiﬂ wehe  da Polu

A Majnah‘a feld con be  calenlaked Fom Mo grehc vechor potential

W s B __-_m_‘\-._‘____“ T
/ Magrehe vedur poletial ndgrelic _held
‘\ = P i A S J
| AL J az | LB EvHA )
5
| > //";
/ Multipole_exparsicn ./ Maguehe dipde momet |
,-'; =3 L :
o AlF) = Adipol (F)+ .. m= jld(j ,’l
I-’] . w \\D-L / \ SW‘F@Q ;’;
\ A : M F % enclosin /
‘\__ A ! " & i é /
P = o= | cwrert tocp |
f_/f‘,f/ = RS 7//.



for o powt paguhe dipole m does nor kpnd on Foooad

veuor  caleuns ﬁ'\\ms :

“The  magnabe Seld produad oy o mogoehe dipde @ ar
\owlpn T 1S

ORISR E GRS,




