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The REAL Table of Elements

matter constituents
spin = 1/2, 3/2, 5/2, ...

FERMIONS

Leptons spin =112
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.. electron
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Electric
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Comparing the Electrical and Gravitational Forces

The electron and proton of a hydrogen atom are separated from each
other by a distance 7 = 5.2 x 107! m. What are the magnitudes and
directions of the electrical and gravitational forces between the two
particles? What is the centripetal acceleration of the electron? What is the
period of the electron’s orbit if it follows a circular orbit moving at constant

speed?

g=e=16x10"1C me = 9.11 x 1073! kg

ke = 8.99 x 10° Nm?*/C? | m, = 1.67 x 10*" kg
G = 6.67 x 107" Nm?/kg?




The Electric Dipole

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 g, x, and a. What is the electric field at the

position of charge 3 due to the other charges?

¢1=q>0 @gp=—-—qg qg>0

9




The Electric Dipole Moment of Water

The asymmetry of the water molecule leads to a dipole moment in the symmetry plane
pointed toward the more positive hydrogen atoms. The measured magnitude of this dipole
momentis p = 6.2 X 1073°C — m where p is NOT the momentum, but defined as
p = qd where d is the separation between between two charges +¢q and —q. Calculate
the electric potential at any point along the axis defined by the dipole moment p'in terms of

g, d, and 7 the distance along the axis. Where are the equilibrium points?
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The Electric Dipole Moment of Water

The asymmetry of the water molecule leads to a dipole moment in the symmetry plane
pointed toward the more positive hydrogen atoms. The measured magnitude of this dipole
moment is

p=062x10""C —m

where p is NOT the momentum, but defined as p = gd where d is the separation between
between two charges +q and —q. Treating this system like a negative charge of 10
electrons and a positive charge of 10e, the effective separation of the negative and positive

charge centers is

p 1
d=— =39 x 10
10e

This is 0.0039 nm compared with about

0.15 nm for the effective radius of

hydrogen in liquid form, so the charge
separation is small compared to an

atomic radius.




The Electric Potential of a Point Charge

Calculate the electric potential due to a
point charge in terms of the radial dis-

tance from the charge r, the amount of

charge ¢, and any other necessary con-
stants. A plot of the fields lines is shown

to the right.
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‘Electric Fields and Equipotentials’ lab results

two point charges two line charges a line and a point charge




The Charged Ring

A ring of radius a as shown in the figure has a positive charge

distribution per unit length with total charge (). 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, ().
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The Charged Disk - 1

Consider an infinitely-large, flat plate covered with a uniform distribution
of charge on its surface 0. What is the electric field above the plate in terms
of this surface charge density o and any other constants? What is the
electric potential?

e

Plane with surface \
/ charge density




The Charged Disk - 2

Consider an infinitely-large, flat plate covered with a uniform distribution
of charge on its surface 0. What is the electric field above the plate in terms
of this surface charge density o and any other constants? What is the

e

electric potential?

e

Plane with surface \
/ charge density




The Acceleration Phase

The starting point of a magnetic spectrometer is an accelerator that
pushes atoms with a single, added electron to a final velocity before
Injection into the magnetic part of the spectrometer (see figure). The
accelerator consists of two, large, flat, metal plates with surface charge
densities o on each plate and separated by a distance d. Charged
particles are ‘sputtered’ from a source and speed up as they cross between
the plates. What is the electric potential across the plates in terms of the
charge density and the separation d? What is the velocity of a charged

particle after it leaves the Sputter Source

accelerator? What is the velocity 1 ;

of a 12C~ ion after it leaves the

acceleratorif d = 0.1 m and

o =28.85x 107% C/m??




The Parallel Plate Electric Field




Going from V to E

The electric potential in the x — z plane of the electric dipole in the figure

can be written as
cos 6

Vir,0) =kep >
where r and 6 are polar coordinates as defined in the figure, p = qd is the
dipole moment, ¢ is the charge, d is the charge separation, and r >> d.
What is the electric potential in terms
of Cartesian coordinates? What are
the x and z components of the

electric field?




Electric Circuits - 1
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Electric Circuits - 2
e




Electric Circuits - 2
e

Potential Energy (J)




Multiple Loop Circuits

What is the current in each of the resistors in the circuit shown in the

figure?
R1:4Q R2:4Q RgZQQ

61:16v 62:12V




Ohm’s Law
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The Drift Velocity of Conduction Electrons -1

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. This is a product of guantum mechanical

tunneling.

Energy
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oscillator

Potential energy of an Potential energy of an electron in a metal.

electron in a single atom.




The Drift Velocity of Conduction Electrons - 2

v, At negative




The Drift Velocity of Conduction Electrons - 3

A copper wire carrying ¢ = 20 C'/s has a cross sectional area of

A = 7.1 x 107% m?. The number density of conduction electrons in

copper is n = 8.46 x 10*® particles/m?. What is the drift velocity U; of

the conduction electrons? What is the average speed of electrons in the
metal at a temperature T’ = 25°C'? How do these two velocities compare
with each other? Recall the relationship between temperature and the

average kinetic energy of particles in a gas.

1 3
(KE) = —mav? . = §]€BT

2 rms




The Drift Velocity of Conduction Electrons -4

Electron Pathsin a M etal

AN

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




Resistivities of Materials at Room Temperature

Material

Resistivity

Type of Material

Silver

Copper

Aluminum

Iron

1.62 x 108
1.69 x 108
2.75 x 10~8

9.68 x 108

Metal

Metal

Metal

Metal

Silicon, pure

Silicon, n-type

2.5 x 103

8.7 x 103

Semiconductor

Semiconductor

Glass

Quartz

1010 o 1014

~ 1016

Insulator

Insulator




The Magnetic Dipole Field




The Magnetic Force

A uniform magnetic field has a magnitude |§| = 1.2 7" and points
straight up. A proton with energy £ = 5.3 M eV enters the field moving
horizontally. What is the magnitude and direction of the force on the proton?
How would the force change for an electron moving with the same initial

velocity? Describe the trajectory of the particle.

A A A A A




Centripetal Force - 1




Centripetal Force - 2




Centripetal Force - 3




Centripetal Force - 3




Centripetal Force - 3




Centripetal Force on the Earth

As we stand on the Earth’s surface we orbit the center of the planet. A
centripetal acceleration a.. is required to maintain our circular orbit,
otherwise we might go flying off into outer space. How does this
acceleration a. compare with the known acceleration of gravity g at the
Earth’s surface? At what speed will things start to ‘fly off’ the Earth’s

surface? At this ‘fly-off’ speed, what is the length of one day?

Earth's radius: 6.37 x 10°m g 9.8 m/s?




Radiocarbon Mass Spectrometry

Two isotopes of carbon, 13C and *C are accelerated across a potential

difference V' = 5.0 X 106 V. Each atom carries an extra electron so

q=—e=—1.6X 10~12 C. The atoms are moving horizontally when they enter

a uniform magnetic field pointing straight up with B = 3.0 7". The
negatively-charged atoms follow a semi-circular path before striking detectors that
measure their passage. The variation in the trajectory of each atom is such that the
variation in their final

Sputter Source
position is about +=0.01 m.

Will the spectrometer be able ‘/'/ \‘\\ Detectors

to separate the two isotopes? A

B out




Radiocarbon Mass Spectrometry

Separating*C and**C

Bel4c =11




Radiocarbon Mass Spectrometry

Separatind*C and*3C

Be:l4c =10:1




Radiocarbon Mass Spectrometry

Two isotopes of carbon, 12 and ' C are accelerated across a potential

difference V' = 5.0 X 106 V. Each atom carries an extra electron so

q=—e=—1.6X 10~12 C. The atoms are moving horizontally when they enter

a uniform magnetic field pointing straight up with B = 3.0 7". The
negatively-charged atoms follow a semi-circular path before striking detectors that
measure their passage. The variation in the trajectory of each atom is such that the
variation in their final

Sputter Source
position is about +=0.01 m.

Will the spectrometer be able ‘/'/ \‘\\ Detectors

to separate the two isotopes? A

B out




The Age of the Earth

The figure below shows the decay scheme for U which can be
approximated as 238U — 29Ph + other decay products where the half-life
IS determined by that first step. Why? A rock is found containing
my = 0.0042 kg of 2°°U and mp, = 0.0024 kg of 2°°Pb. Assume the
rock contained no lead at all when it was formed so all the lead present is
from the decay of uranium. What is the age of the rock? What does this say

about the age of the Earth?

238, o 23 B 23 B 234, a 230 o
92UH 9§Thﬂ 91136‘% 921UH Th =

90

4.5x109y 24d 6.7 h 2.5x1C?y 7.4x16 j

a 222 a 21 a 214 B Zéé- B
22RO - 84§30H PbP o~ 2B P
3.8d 3.1m 27 m 20 m

a 21 B 21Gy; B 210 a 20
g 820Pb g 8%' ~“g4P0— 82qDIO
50d 138 d




Testing the No-Lead Assumption
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Testing the No-Lead Assumption
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Figure 2 Combined concordia plot for grain W74/2-36, showing the U-Pb results
obtained during the two analytical sessions. The inset shows the most concordant data
points together with their analysis number (as in Table 1). Error boxes are shown at 1o,




