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PHY 712 Electrodynamics
10-10:50 AM  MWF Olin 107

Plan for Lecture 23:

Continue reading Chap. 11 -

Theory of Special Relativity

A. Lorentz transformation relations

B. Energy and momentum

C. Electromagnetic field
transformations
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PHY 770 Spring 2014 - Le

WFU Physics Colloguium

TITLE: Measuring Molecular Forces Across Specific Proteins in
Living Cells

SPEAKER: Professor Brent D. Hoffman,

Department of Biomedical Engineering,
Duke University

TIME: Wednesday March 26, 2014 at 4:00 PM
PLACE: Room 101 Olin Physical Laboratory

Refreshments will be served at 3:30 PM in the Olin Lounge. All
interested persons are cordially invited to attend.

ABSTRACT

In vivo, cells adhere to the deformable extracellular matrix (ECM) that is both a source of
applied forces and a means of mechanical support. Cells detect and interpret mechanical
signals, such as force and rigidity, from the ECM through mechanotransduction. While the
connections between cells and the ECM, mediated by structures called focal adhesions
(FAs), are primary i of tion, the molecular
mediating this process are largely unknown. Progress has been limited by an inability to
measure dynamic forces across proteins in living cells. Therefore we developed an
experimentally calibrated Forster resonance energy transfer (FRET)-based biosenser that
measures forces across specific proteins with pico-Newton sensitivity. The sensor has beer
annliad ta vineiilin & erifical linkar nratain in the rannastinns hatwaen tha intanring and
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Convenient notation :

=Y
ﬁ':c

Lorentz transformations

y y Stationary frame Moving frame

ct = pletvpr)
= ylxwper)

= v = !

X y =)
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X , z = z
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y X
X
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Lorentz transformations -- continued

For the moving frame with v =vX :

7B, 00 v =nB 00
00 - 0 0
£~ 7 £t vB, 7
0 10 0 0 10
0 0 01 0 0 0 1
ct ct' ct' ct
! 5 ;
= ﬁv y T ’ev
y y
z z' z' z
Notice :
2 —x? _yz _? :Czt'z—x'z—y'z—z'z
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Lorentz transformation of the velocity

Define : u, z@ u, Eﬂ . Eﬂ
Toodt dt Toodt
u = dx' iy E@ u = dz'
toar Yodr odr
o u'
ol /e
u', u',
u = u_=
' yvilJrvu"/czi : yvilJrvu"/czi
Where: y, = ! S

1-(v/ef 1-87

Note that the velocity components themselves do not
obviously transform according to a Lorentz transformation.
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Velocity transformations continued:

)
u' +v u', u'

Consider: u, = =

_ 1 _ l+w', /c?
M ey @i 1-(le)
=75,c=7,0uc+Byu',)
=y, = 7,000 A7) =7, ' +By0c)

Note that

= P4,= 7,0, V=Y
Vi€ Yu€
. u u',
Velocity 4-vector: Tt | £ 7 ;
7., 7',
7 7',
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L+w' /¢’ u“_yv(l+vu"/c2) uz_y‘,(l-#w.t'x/cz)'

Significance of 4-velocity vector: Yue

ux

Yty
Yl
Introduce the “rest” mass m of particle characterized
by velocity u: 7.c y,mc* E
me Yl _| rmuc | _ p.c
Yty V., mu,c p,c
VU y,mu.c pc
Properties of energy-moment 4-vector:
E E' E' E
c 'c ¢ c s, PO
P gl va pv‘ —p| P Note: E* - p’c® = E?-p"” c?
pe pyc pyc pe
p.c p.c p.c p.c
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Properties of Energy-momentum 4-vector -- continued
E ;/“mc2
p.e|_| y,muc
p,c N 7, mu,c

p-c y,mu.c

2 2 2 2
-5, ¢ c c
Notion of "rest energy": For p=0, E =mc’

Define kinetic energy : E, = E —mc” =/ p’c’ +m’c* —mc’

2
Non -relativistic limit : If - << 1, Eg= mcz[ 1+(L] —IJ
mc mc
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Summary of relativistic energy relationships
E y,me”
p.e| | y,muc

p,c ¥, muc
p-c y,mu.c

E=\p’c+m’c" =y,mc’

Check : \/pzcZ +m’c! :muzx/;/uzﬂuz +1=y,mc*

Example: foran electron mc’ = 0.5 MeV
for E=200GeV

V= Ez =4x10°

mc

~l- lz ~1-3x10™"

Vu

26 11
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Special theory of relativity and Maxwell’'s equations

Continuity equation : aa—p +V-J=0
t
. 1 0®
Lorentz gauge condition : - aa— +V-A=0
c ot
2
Potential equations : iz 65(21) +V2D =4zp
t
2
LTA giat7y
ot c
Field relations : E=-Vb- 10A
c ot
B=VxA
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More 4-vectors:
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ct
. . R
Time and position : = x*
y
z
cp
JX
Charge and current : J =J
5
J.
(0]
. A,
Vector and scalar potentials : 4 = 4"
A:
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Lorentz transformations v nh 000
o |Ph 7 00
Y 0 0 10
(1] 0 01
Time and space : X =Lx" =LYy
Charge and current : J=LJ =LP I

Vector and scalar potential : A% = £ 4" = £ 47
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4-vector relationships

A()
Al
= P <:>(A°,A): upper index 4 - vector A4 for(a:0,1,2,3)

A3

o
<

N

Keeping track of signs - - lower index 4 - vector 4, = (A“,fA)

Derivative operators :

5wl
cot cot
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Special theory of relativity and Maxwell’'s equations
Continuity equation : Z—p +V-J=0 0./ =0
t
i 1 0® a_
Lorentz gauge condition : - aa— +V-A=0 0,4%=0
c ot
Potential equations : 17 6171) —V2® =4np
o 2,0 7
) 0747 =7 e
1O oyt c
¢ ot c
Field relations : E=-Vb- 10A
c ot
B=VxA
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Electric and Magnetic field relationships
E=_vq)_l% EX:_BE_LArz_(aUAI_alAO)
c ot ox  cot
04, N
=2 =—(o"a*-224")
’ oy cot
E, :_@_%: _(aOAB _aSAo)
0z cot
B=VxA o4 )
B = Y (g on)
oy Oz
B, =%—%=—(83A1—61A3)
© 0z Ox
04,
= Y _%:—(51A2—62A1)
ox 0Oy

Field strength tensor 7 = (6",4” —6/’A")
0 -E, -E, -E.
E 0 -B. B,

x 2z i
E, B 0 -B
E. -B B 0

Transformation of field strength tensor

F¥ =

7o nh 00
Fb _ pr s p b p - vB, v, 00
v ’ "“lo 0 10
0 0 01
0 -E,  -yle+8B.) -1 (E-B,)
| E 0 -r(BABE) 7.(B,-BE)
r(E+pB.) (B+BE) 0 -8B,
rE-pB,) ~7.(B,-BE) B, 0
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Lorentz transformation of electromagnetic fields:

E =E'
E =7, (E',+BB")
E =y,(E'.-BB",)

B'l
7.(B,~BE")
r(B'+BE)

BK
B,
Bz
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