4. Structure of the Atom, &



housekeeping

| got nothin’

exam 2: Friday, October 27
This week:

lecture MTW...we'll see about Friday

HW4 due Friday
Honors option

Go to: https://gstbb.pa.msu.edu/storage/PHY215/honors/

read the Minervalnstructions1 2017_215 document



continuing

The "Bohr Atom"



Rutherford not disposed kindly

towards theoretical physicists

but he saw something in young Bohr
and in 1912 hired him to Manchester

away from a grumpy JJ Thompson

""He's different! He's a football
player!”




In 1913 Bohr simply asserted

That at atomic distances...

there are electron orbits that simply
don’t radiate - “stationary states”

fixed “quantized” orbital radii and
orbital velocities



for any atom
with one
electron on the
outside shell

The Hydrogen Atom (the proton not yet discovered!)
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With each radius and velocity...comes a distinct energy.

B — _147T2]€264 1
2 h2 n?

just numbers...

1
E, = ~(13.6)— eV

(3



410 nm
434 nm 656 nm

light emitted by Hydrogen was at particular wavelengths...

in 1885 Johann Balmer played and found a pattern:

1 1 1
— =Ry (—) n=23,4,5..

2 n?
already known

but apparently not

1.09737 x 107 m-!
by Bohr!



When
Bohr
learned of
the old
Balmer

idea

aha! moment

energy
differences could
matter

-----------
- -~

- S a
- ~

___________
P

-
“.. P
- 0
" m ===

-
~~~~~
~ -
-~ -
----------




-
“‘—
"’ ..~
: ~
' ~
' ~
Pad E
[ ] ’ |
ma | |
N
) .
) --- - ~
S -
Ic : ‘_4 n - .
[ ] ' ‘ ~ |
. .’ ~ \
. - - ‘
. o’ : ‘
’ . : ‘
’ . ) ‘
1] - ‘ ‘
1] . \ ‘
]
] ] ‘ ‘
) ] ‘ |
] ‘ |
[] N ‘ |
] 4 ‘ |
: ' ‘A |
1
1 - “ “
I : /—\ 1
| 1
; [
] ‘ '
] ; c ‘ |
1 : .
° | | '
1 \ | '
e | | | .
1} k ' |
Y i '
. : |
° | | | |
. N |
.
. - '
. - ' ’
.
. A '
. B ' :
° | | / |
° ‘ : | |
. - : '
L4
. - B '
S o - '
) .------— .
~ .
‘ ’
~ .
~ .
~ ’
~ ’
~ ’
: 4
N. "
-
-
“




Sy n=2 -3.4eV

2 E(eV)
) 0.00
: 3%
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Paschen
3 1F1”rlr" — ~340 p E
Balmer
series
uv
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series
Ground
YYYYY
1 FYYYY 136 dats

° M Energy levels of the hydrogen atom with some of the h f
° I S W a y. transitions betw een them that give rise to the spectral

linesindicated
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1 1

Balmer series

Es— FEi =10.1 eV — ﬂ =122 nm

Paschen series




how about
more complex
elements?

Higher atomic
number, Z?

Atomic Number

2 K Number(Z)

He 4——%;?:&?'
Atomic Mass i
4.003 <|m s

212 72
~ orPoton = 4 of electrons alsol! Ef — EIL — _147‘- (Z\ ( 1 B : ) N _@

Z protons

©
©

©
© ©

lots of electrons, but as long as there’s one lone one..the Bohr
Formula still works.

2 2
n; Ny

) hZ

Go looking for new elements....
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Moseley was without exception or exaggeration the most brilliant man — and the hardest worker | have
ever met. There were of course no regular meals, and work often went on for most of the night. Indeed
one of Moseley’s expertises was the knowledge of where one could get a meal in Manchester at 3
o’clock in the Morning.

Charles Galton Darwin in a 1916 obituary of Harry.
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MADRESS OF WW I

14 July 1915

We moved yesterday to a place where the road is worse than the
flies. Sand in boots clothes mouth eyes hair. Sand in the food and
the water and the air. All my kit is in danger of being buried. The men
are not bearing the heat very well.

Letter from Harry to his mother sent from Gallipoli

| RUSSIA

Missing
Dead | Wounded or Total
POW
Ottoman
56,643 97,007 11,178 164,828
Empire
United Kingdom | 34,072 | 78,520 7,654 | 120,246
France 9,798 17,371 = 27,169
Australia 8,709 19,441 - 28,150
New Zealand = 2,721 4,752 - 7,473
British India 1,358 3,421 = 4,779
Newfoundland 49 93 - 142

Total Allies | 56,707 123,598 @ 7,654 187,959
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Energy Levels for the Hydrogen Atom

are, quantized. .
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A Few Energy Levels for the Mercury Atom
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