
LECTURE 23 questions



E. M .
Waves to Momentum
→

• IN questions # I t # 2 we will

Look @ How AN E. M
. WAVE CAN

TRANSFER MOMENTUM To PARTICLES
-

ALONG THE Direction F of THE

WAVE 'S PROPAGATION , EVEN THOUGH

THE E- & B- pieces ARE BOTH

1- To Tn :
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B - •→
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QI A PROTON IS SITTING @ REIT AT Some
-

point ( X - O , 2=0 , 2=0 ) IN space :

X=0

PLANE
←

PROTON

-

• CONSIDER AN E.M .
WAVE THAT

IS SHAPED LIKE A RECTANGULAR

PULSE TRAVELING IN THE TX

DIRECTION
,
so THAT ANYWHERE IN

THE X=o PLANE , THE E- & B- FIELDS
HAVE THE FOLLOWING TIME DEPENDENCE :

7=0

( ( Dungeon) ← (TTD '' )
Y

(earlier )
,t→#
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B (tz DIR)



give:EE=f×E
¥i÷/FB=f×v×B×sino,EELJ,B(RHR##
ay

@ t = 0 , THE FORCE ON THE PROTON

COMES ENTIRELY FROM THE E- Fiero .

• WHY IS THERE No FORCE APPLIED

By THE Fs field C f - o ?

• WHAT IS THE DIRECTION OF THE

FORCE ON THE proton @ f =o?

✓ FEE, y

←/±E!et¥ ×

PROTON

-
• WHAT DIRECTION WILL THE PROTON 'S

VELOCITY BE SOME SHORT TIME Dt LATER

AS A RESULT OF THIS FORCE ?



y
SHORT [PULSE Duration

b) SOME TIME Dte DT LATER
,

THE PROTON
is MOVING IN THE ty DIRECTION PARALLEL
To E- :

X=0 y
PLANE

tf Z

µ: let -_ at
PROTON

-
• THE FORCE EXERTED By THE ⑤ FIELD

IS Now NON - ZERO (WHY ? ] .

• IN Which DIRECTION DOES THIS FORCE push
THE proton (R.tt - R . # t ) ?



QI a) from THE RELATION B = E
C

4 THE FORCE LAWS FOR E- 4 £
,

DETERMINE THE Ratio FB'
- OF THE
FE

FORCE ON THE PROTON FROM THE

MAGNETIC 4 ELECTRIC
-

-
FIELDS of

AN E.M.
WAVE . Stop' par>ice 's

LIGHT] SPEED
c)

• ANSWER IS IN TERMS of C & V
.

b) WHAT Direction MUST A pro>on
't

BE TRAVELLING So THAT THESE FIRES

POINT IN opposite DIRECTIONS?
En 's

is If I ?
g- x
Z

C) How FAST MUST THE PROTON BE
GOING if THESE FORCES PERFECTLY
CANCEL ? ( Assume proton moves in

Direction FROM PART b) )c-
* DOES YOUR ANSWER CHANGE IF WE INSTEAD CONSIDER AN ELECTRON?



QI ELECTROMAGNETIC Spectrum
-

a) AN ANTENNA IS A STRUCTURE

WHICH ABSORBS ELECTROMAGNETIC
⇐ in

- a

( ( (
RADIATION (WAVES]

. Radio
130¥ WAVE

• ABSORPTION IS MOST Efficient

WHEN THE LENGTH OF THE ANTENNA

IS THE SAME ORDER of MAGNITUDE
AS THE WAVELENGTH of RADIATION

BEING ABSORBED
.

• HOW LONG SHOULD you DESIGN AN

ANTENNA FOR picking up F.M .
RADIO

,

WHICH TRANSMITS @ n 100MHz ?
• COMPARE W/ LENGTH of Typical
CAR HOOD ANTENNA:

1-
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-0-0-1



b) A "

frequency DOUBLING CRYSTAL
"

CAN

TAKE Two photons of ONE COLOR AND

OUTPUT A PHOTON WHOSE ENERGY

EQUALS THE Sum of THE ORIGINAL

In
Two : \

Ky
son.

- F.
FREQ . DOUBLING

§

I ns.osp.nu)
• IF PHOTON ENERGY is proportional
TO FREQUENCY , THEN WHAT IS THE

WAVELENGTH of THE output of
-

of A FREQ . DOUBLING CRYSTAL THAT
IS GIVEN 1000mm (INFRARED ) ( IGHT
AS input ? IS IT visible ?



c) Two - PHOTON Microscopy
-

Jin
" tout Vw

¥¥:÷¥÷÷÷
.

• Two RED

PHOTONS simultaneously
ABSORBED By FLUORESCENT
Dye .

• COLLECT PHOTON (Kut) EMITTED By
Dye . SCAN focus of INPUT
LIGHT (kN )

, MONITORING

OUTPUT (tout) To CONSTRUCT
IMAGE of DYE CONCENTRATION
IN Biological Tissue .



• IF THE ENERGY of THE OUTPUT PHOTON
✓our EMITTED By THE EXCITED DYE
MOLECULES IS GREATER THAN THE INPUT
PHOTONS IN

-

, THEN WHAT FILTER SHOULD

WE PUT ON THE DETECTOR SO THAT WE

BLOCK THE Tin But pass THE Tour?
( RECALL FROM PART (b) THAT PHOTON ENERGY X FREQUENCY)
- pass Nowe
LtD""° €¥¢k€

>
u ⑦ or ④ ?

"" on
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\

§
( " LONG - pass

" )¥¥
WAVELENGTH (X)
⑧

* THESE Tins ARE UNDESIRABLE
"

Baek GROUND
"

coming from RANDOM SCATTERING IN THE Biological

Tissue .

THE Vin ARE Typically CHOSEN TO BE INFRARED SINCE THESE WAVELENGTHS CAN PENETRATE FAR

( I 1cm ) into Tissues You> SCATTERING
.



ANSWERS
-

QI a)

. Ff L V
,
which is STILL ZERO

@ f=o BEFORE THE ware

Arrives .

• FORCE on positive CHARGE By ¥

y Ficco is 11 To E- :

fee. . ?.fi?.::..u
. .

¥• ! E
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proton 11 F : F- = moi/ a- -- AI
ist
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1¥!.fi/et--st-ssv=nEstPROTON

-
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• E- an, B-
Garms )

FORCES CONSPIRE TO PUSH
CHARGE ALONG THE E.M. WAVE !
=
( 1.9 . PARALLEL To F )
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c) FB =t¥ WHEN V (PART (a))



Q1 & Q2 WRAP up :

• So if E. M . PULSE IS STRONG

ENOUGH
, PROTON ENDS up

MOVING PARALLEL To WAVE

w/ velocity APPROACHING C i

ng

÷

!
.

• / tr toTF- "' E. '

E
.

E
.

" c

•• )

4- =o X



§ a) ft -- c → 1=fE=3s
-

100MHz

b) ENERGY & f =3 .
m

's

"÷÷¥÷f / HI
=3 m

go if Ez = E, + E , = ZEl
comparable to
CAR ANTENNA .

AND X
,
= ( ooo nm

,
THEN ?

-

Xz= fIz=h¥z=hz÷ , = 'zxh¥=Ix¥=IxX ,
-_ 500mm

• VISIBLE WAVELENGTHS ARE I 400hm - 750mm

• 500mm is GREENISH BLUE
-

c) IF Your
photon is HIGHER ENERGY

THAN 81N
,
THEN You> E I ,w . ( part ( b) )

• THEREFORE , WE WANT OUR FILTER To pass
Xe Xin ( le fiver⑦ ) .


