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New Treatments for Cancer

@ The second leading cause
death in the US is cancer.

@ Radiation therapy works by ion-
izing enough atoms in the tu-
mor to disrupt its growth.
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© The most common form of radia-
tion used now are photons (parti-
cles of light) like x-rays.

@ The Bragg curve is the deposited
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New Treatments for Cancer

@ The second leading cause
death in the US is cancer.

@ Radiation therapy works by ion-
izing enough atoms in the tu-
mor to disrupt its growth.

Cause of death

© The most common form of radia-
tion used now are photons (parti-
cles of light) like x-rays.

@ The Bragg curve is the deposited
energy Ege, per mass (J/kg) as a 180 Xroys (16 W)
function of depth in the material. 160 e et o)

Protons (spread-out peak)

© Photons have a large Egep all along
their path through the patient's
body (gold curve).

Extra dose

120 «—  fromXrays

Relative Dose (%)

@ Protons deposit more of their en-
ergy in the tumor (blue curve) -
reducing the negative impacts as-
sociated with photon beams.
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New Treatments for Cancer 14

In proton-beam therapy, high-energy protons are used to kill tumors. In one
case an energy Ege, = 200 J must be deposited into the tumor. However,
only 21% of the incident proton energy Ej,. actually goes into the tumor.
To create the beam, protons are accelerated from rest through an electric
potential difference V, =100 MV = 108 V. The total exposure time is to
be three minutes. What is the electric current during the treatment? If the
beam spot is circular with radius r = 0.1 m, what is the beam proton
density? Compare this with the proton density of water (=~ 102 m~3).
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Coulomb’s Law — [Point charge
APE = -W = — [qE -d§ —> Eand V

/
Dipole Field

| Ring of Charge |

i
| Plane of Charge |

| Parallel Plates |
KE; + PE; = KEy + PE; ———

| Current |

Kinetic Theory ——>
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The Electric Dipole 17

Consider the set of charges shown below. What is the force on charge 3
due to charges 1 and 2 given the conditions on the charges shown below?
Express the answer in terms of the charge g, the horizontal position x of
charge 3, and the separation s of charges 1 and 2. What is the electric
field at the position of charge 3 due to the other charges? Demo here.

g1=9>0 q@=—q q>0

| q3
Y o—X
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Consider the set of charges shown below. What is the force on charge 3
due to charges 1 and 2 given the conditions on the charges shown below?
Express the answer in terms of the charge g, the horizontal position x of
charge 3, and the separation s of charges 1 and 2. What is the electric
field at the position of charge 3 due to the other charges? Demo here.
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The Electric Dipole 19

Consider the set of charges shown below. What is the force on charge 3
due to charges 1 and 2 given the conditions on the charges shown below?
Express the answer in terms of the charge g, the horizontal position x of
charge 3, and the separation s of charges 1 and 2. What is the electric
field at the position of charge 3 due to the other charges? Demo here.

g1=9>0 q@=—q q>0
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Consider the set of charges shown below. What is the force on charge 3
due to charges 1 and 2 given the conditions on the charges shown below?
Express the answer in terms of the charge g, the horizontal position x of
charge 3, and the separation s of charges 1 and 2. What is the electric
field at the position of charge 3 due to the other charges? Demo here.
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The Electric Dipole 21

Consider the set of charges shown below. What is the force on charge 3
due to charges 1 and 2 given the conditions on the charges shown below?
Express the answer in terms of the charge g, the horizontal position x of
charge 3, and the separation s of charges 1 and 2. What is the electric
field at the position of charge 3 due to the other charges? Demo here.
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The Electric Dipole 22

Consider the set of charges shown below. What is the force on charge 3
due to charges 1 and 2 given the conditions on the charges shown below?
Express the answer in terms of the charge g, the horizontal position x of
charge 3, and the separation s of charges 1 and 2. What is the electric
field at the position of charge 3 due to the other charges? Demo here.
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The Electric Dipole 23

Consider the set of charges shown below. What is the force on charge 3
due to charges 1 and 2 given the conditions on the charges shown below?
Express the answer in terms of the charge g, the horizontal position x of
charge 3, and the separation s of charges 1 and 2. What is the electric
field at the position of charge 3 due to the other charges? Demo here.

g1=9>0 q@=—q q>0
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The Electric Dipole 24

Consider the set of charges shown below. What is the force on charge 3
due to charges 1 and 2 given the conditions on the charges shown below?
Express the answer in terms of the charge g, the horizontal position x of
charge 3, and the separation s of charges 1 and 2. What is the electric
field at the position of charge 3 due to the other charges? Demo here.

g1=9>0 q@=—q q>0

}

s/2

¢ q3 «

8/2 - — — a
¢ Es3 Ei3

Jerry Gilfoyle Proton Therapy 18 / 45


https://jasonstark.com/science/em/emfield.html

The Electric Potential of a Point Charge -1 25

Calculate the electric potential due to a
point charge in terms of the radial dis-
tance from the charge r, the amount of

charge g, and any other necessary con-

stants. A plot of the fields lines is shown ®

to the right. Demo here. / \
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The Electric Potential of a Point Charge - 2 26
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The Electric Potential of a Point Charge - 2 27
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The Electric Potential of a Point Charge - 3
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The Charged Ring 30

A ring of radius a as shown in the figure has a positive charge distribution
per unit length with total charge Q. Calculate the electric field E along

the axis of the ring at a point lying a distance x from the center of the
ring. Get your answer in terms of a, x, Q.

+ «— uniform @

Jerry Gilfoyle
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The Charged Disk - 1 33

Consider an infinitely-large, flat plate covered with a uniform distribution
of charge on its surface 1. What is the electric field above the plate in
terms of this surface charge density n and any other constants? What is
the electric potential?

surface charge
density n
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The Charged Disk - 2 34

Consider an infinitely-large, flat plate covered with a uniform distribution
of charge on its surface 1. What is the electric field above the plate in
terms of this surface charge density n and any other constants? What is
the electric potential?

f dE

'
surface charge “
density n
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Accelerating Protons 35

To create a particle beam for cancer therapy protons are injected at low
velocity between two large, metal plates with surface charge densities +7
and separated by a distance d. The particles speed up as they cross
between the plates. What is the field between the plates? What is the
electric potential across the plates in terms of the n and d? What is the
kinetic energy of the protons after they leave the accelerator? What is the
proton velocity? —1 Duo plasmotron

»a Pproton source

B e o e R R e

d=01m +n Beam inlet
n=2885x10"% C/m? z
d Proton beam
X
/R 7 Beam outlet
== EPe———————== |
e Patient/Target
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Accelerating Protons 36

To create a particle beam for cancer therapy protons are injected at low
velocity between two large, metal plates with surface charge densities +7

and separated by a distance d The partlcles speed up as they cross
between the plates. Whssa

electric potential across
kinetic energy of the prd
proton velocity?

d=01m
n=28.85x 1078 C/m?

Proton therapy machine
at the Mayo Clinic in
Rochester, NY.
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The Parallel Plate Electric Potential and Field 37

@ Contours represent values of fixed

ooes electric potential - equipotentials.

o @ Colors also represent the value of

the electric potential. See legend.
0.0475

@ White means the plot reached the
o028 upper or lower limit.

@ Top plate (red) - positive, forms a
ridge.

0.0095

> @ Bottom plate (red) - negative,
forms a valley.

—0.0285
@ Electric field lines come out of
positive charges (upper plate).

-0.0475

woe: @ And go into negative charges
(bottom plate).

-0.0855

@ Field lines are prependicular to
equipotentials.

Units of electric potential (y direction into the plane) are V/C.
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The Parallel Plate Electric Potential and Field 38
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Contours represent values of fixed
electric potential - equipotentials.

Colors also represent the value of
the electric potential. See legend.
White means the plot reached the
upper or lower limit.

Top plate (red) - positive, forms a
ridge.

Bottom plate (red) - negative,
forms a valley.

Electric field lines come out of
positive charges (upper plate).
And go into negative charges
(bottom plate).

Field lines are prependicular to
equipotentials.

Units of electric potential (y direction into the plane) are V/C.
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Use of Power Supply

@ Before plugging it in make sure it
is off. The power switch should be
out and the voltage knobs, coarse
and fine, turned all the way down
(counterclockwise).

Plug in the supply.
Hook up your circuit.

© 00

Set the meter switch on the

readout to volts.

© With the voltage knob still turned
down, toggle the power switch.
The readout should be zero.

@ You can now turn up the voltage

as required. You may have to

adjust the current limiting knob.
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The Parallel Plate Electric Potential and Field 40
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The Parallel Plate Electric Potential and Field 41

Electric Field
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Measuring Equipotential Lines and Electric Fields 42

two point charges two line charges a line and a point charge
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New Treatments for Cancer 43

In proton-beam therapy, high-energy protons are used to kill tumors. In one
case an energy Ege, = 200 J must be deposited into the tumor. However,
only 21% of the incident proton energy Ej,. actually goes into the tumor.
To create the beam, protons are accelerated from rest through an electric
potential difference V, =100 MV = 108 V. The total exposure time is to
be three minutes. What is the electric current during the treatment? If the
beam spot is circular with radius r = 0.1 m, what is the beam proton
density? Compare this with the proton density of water (=~ 102 m~3).

dose in tumor
———=0.21

total dose

Gray - tumor
0 0.8
v

o
006
0.4

0.2

0.0
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Depth [cm]
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Coulomb’s Law — [Point charge
APE = -W = — [qE -d§ —> Eand V

/
Dipole Field

| Ring of Charge |

i
| Plane of Charge |

| Parallel Plates |
KE; + PE; = KEy + PE; ———

| Current |

Kinetic Theory ——>
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Measuring Equipotential Lines and Electric Fields 45

two point charges  two line charges line and point charge
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Measuring Equipotential Lines and Electric Fields 46
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Accelerating Protons 47

To create a particle beam for cancer therapy protons are injected at low
velocity between two large, metal plates with surface charge densities +7
and separated by a distance d. The particles speed up as they cross
between the plates. What is the field between the plates? What is the
electric potential across the plates in terms of the n and d? What is the
kinetic energy of the protons after they leave the accelerator? What is the
proton velocity? —1 Duo plasmotron

»a Pproton source

B e o e R R e

d=01m +n Beam inlet
n=2885x10"% C/m? z
d Proton beam
X
/R 7 Beam outlet
== EPe———————== |
e Patient/Target

Jerry Gilfoyle Proton Therapy 37 /45



Accelerating Protons 48

To create a particle beam for cancer therapy protons are injected at low
velocity between two large, metal plates with surface charge densities +7

and separated by a distance d The partlcles speed up as they cross
between the plates. Whssa

electric potential across
kinetic energy of the prd
proton velocity?

d=01m
n=28.85x 1078 C/m?

Proton therapy machine
at the Mayo Clinic in
Rochester, NY.
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New Treatments for Cancer 49

In proton-beam therapy, high-energy protons are used to kill tumors. In one
case an energy Ege, = 200 J must be deposited into the tumor. However,
only 21% of the incident proton energy Ej,. actually goes into the tumor.
To create the beam, protons are accelerated from rest through an electric
potential difference V, =100 MV = 108 V. The total exposure time is to
be three minutes. What is the electric current during the treatment? If the
beam spot is circular with radius r = 0.1 m, what is the beam proton
density? Compare this with the proton density of water (=~ 102 m~3).

dose in tumor
———=0.21

total dose

Gray - tumor
0 0.8
v
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The Current of Protons in the Beam
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New Treatments for Cancer 51

In proton-beam therapy, high-energy protons are used to kill tumors. In one
case an energy Ege, = 200 J must be deposited into the tumor. However,
only 21% of the incident proton energy Ej,. actually goes into the tumor.
To create the beam, protons are accelerated from rest through an electric
potential difference V, =100 MV = 108 V. The total exposure time is to
be three minutes. What is the electric current during the treatment? If the
beam spot is circular with radius r = 0.1 m, what is the beam proton
density? Compare this with the proton density of water (=~ 102 m~3).

dose in tumor
———=0.21

total dose

Gray - tumor
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The Drift Velocity of Conduction Electrons - 1 52

Negative
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Why Are Electrons Negative?

BENTAMIN FRANKUN? Cueball tells Franklin that the charge left
I BRNG A HESSAGE YES? on a glass rod.by rubbing it with silk Sh?l:ﬂd
FROM THE  FUTURE! be the negative charge, not the positive
T DoN‘T HAVE MUCH THME. WHAT IS 17 charge, because the friction removes elec-

'T‘HECDNVlENTION VeuRE SEITING trons from the rod. This would not have
FOR ELECTRIC CHARGE 1S BACKMWARD, been intuitive to Franklin, because the
THE ONE LEFT ON GLAES BY SILK electron had not as of yet been discovered.

HOULD BE THE MEGATWE CHARGE. . .
S B Yet by telling Franklin to reverse the pos-

itive and negative conventions, this would
ultimately result in an alternate universe
where electrons are assigned a positive
charge. One can only speculate what other
changes this reversal of convention would
TS G B SE TE TIETPONE T lead to, as small changes tend to cascade

FREVENT THE ROBST ARDCAYFSE, RUT THE. into huge ones. Would the positron have
GUY WHO BUILT T WAS AN ELECTRICAL ENGINEER. been instead named the negatron? And

would this affect the success of the Trans-
formers franchise?

567: Urgent Mission by xkcd
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The Drift Velocity of Conduction Electrons - 2 54

We are using the free-electron model to describe the conduction electrons
in a metal. In this model these electrons are free to move about the entire
volume of the metal and behave like the molecules or atoms of a gas in a

closed container.
® ¢ %ge

——>Vy <— E|l
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The Drift Velocity of Conduction Electrons - 3 55

A copper wire carrying a current i = 20 C/s has a cross sectional area of
A =7.1x10"% m? The number density of conduction electrons in copper
is n = 8.46 x 10%® particles/m3. What is the drift velocity vV of the
conduction electrons? What is the average speed of electrons in the metal
at a temperature T = 25°C?
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The Drift Velocity of Conduction Electrons - 3 56

Electron Paths in a Metal

)

Blue: No applied voltage or field
Red:  Voltage applied.
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