NUCLEAR HW 3			NAME:Assessor’s use only
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Stars usually emit a continuous range of wavelengths of light from their surface. However, stars are surrounded by clouds of gas containing hydrogen which absorb some colours.
(a)	The diagram below shows of some of the energy levels for hydrogen gas. Draw arrows on the diagram showing all possible transitions resulting from the absorption of light.
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(b)	Use the Bohr model of the hydrogen atom to explain why only some specific colours of light are absorbed by the gas. 

	
	
	
	
	
	
	
	
	
	
	
		
	


A star surrounded by a cloud of hydrogen gas has an absorption line at the infrared frequency of 2.34 × 1014 Hz. This line is due to atoms in the n = 3 state absorbing a photon. Assessor’s use only
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(c)	Calculate the final state (n) of the atom, after it absorbs this photon.
	
	
	
	
	
	
	
	
	
	
	
	
	
(d)	Calculate the longest wavelength of light that is absorbed by a hydrogen atom in the n = 3 state. 
	
		
	
		
	N0
	N1
	N2
	A3
	A4
	M5
	M6
	E7
	E8

	No correct relevant physics
	A
	2A
	3A
	4A
Or M +2A
	2M
	3M
Or E+M
	E +2M
	2E





Scholarship Level							 Score       	      /8
1. The spectra of hydrogen consist of several series of lines. Two adjacent series are known as the Balmer series (S = 2) and the Paschen series (S = 3). 
Show that the longest wavelength in the Balmer series is shorter than the shortest wavelength in the Paschen series. [2]

	
	
	
	
	
	
	
	
	

2. The Bohr theory assumes that electrons exist in an excited state very briefly. Explain what common material uses the principle that some electrons return to a stable state some time later.  [1]

	
	
	
	
3. a) Write the equation for the energy of an electron in the nth quantum state of a hydrogen  
    atom. 

b) Use the equation to explain how the energy difference between adjacent energy levels changes gets smaller as the electron’s energy increases. [2]
	
	
	
	
	
	
	


4. Consider a Hydrogen atom in the ground state. 
Calculate the minimum energy it must be given in order to emit the second line in the Balmer series (wavelength of 486.1 nm). [1]

	
	
	
	
	
	
	
	
	

5. Write the formula for the wavelength of a line in the emission spectrum of hydrogen.
Use this formula to derive the formula for the energy of the electron in the nth quantum state. [2]


	
	
	
	
	
	
	
	
	



	
	Evidence
	Achievement
	Merit
	Excellence

	 (a)
	n = 1
n = 2
n = 3
n = 4

	1  	Correct answer with arrows the wrong way.
	1  Correct answer.
	

	(b)
	The Bohr model of the hydrogen atom states that electrons can exist only in particular energy levels/shells. When photons of light are shone onto an atom, the atom can only absorb that photon if the energy corresponds exactly to a transition between electron energy levels, making the electron jump up to a higher level. As a result only photons of specific frequencies can be absorbed, and all the other colours pass through the gas. 
	1  One correct and relevant statement. 
	1  Link made between discrete energy levels and discrete energy jumps.
OR  Link made between photon energy and discrete energy jumps.
	1 Discrete energy levels linked to discrete energy jumps and photon energy linked to discrete energy jumps.

	(c)
Method A

	Efinal = E3 +Ephoton
Ephoton = hf    = 6.63  1034  2.34  1014
                     =1.55142  1019 J
E3 = hcR/32
     = 2.42437  1019 J
 Efinal = E3 +Ephoton
            = 2.424371019 + 1.551421019
            = 0.87295  1019J



Efinal =        nfinal =    == 4.9995     nfinal = 5
	2   Correct E3
OR
Correct Ephoton

	2 Correct answer not rounded to a whole number.
OR
Correct method but mistake made in rearranging formulae.

	2 Correct answer given as a whole number.


	(c)
Method B

	
,  S = 3,   v = fλ

λ =     = 1.282051  106


=

  = 0.111111  0.071103
 L = 4.9995     L = 5
	2	Correct λ
	2	Correct answer not rounded to a whole number.
OR
Correct method but mistake made in rearranging formulae.
	2 Correct answer given as a whole number.

	(d)
	Longest wavelength (lowest frequency) results in the electron’s smallest jump, ie it moves from n=3 to n=4.

   

 = 5.3326×105
λ =1.875 ×106 m
	2  Correct transition.
	2	Correct answer.

	




1. 
For hydrogen: emitted light			

Longest B Balmer Series		S = 2, L = 3,  (long  means small E – smallest gap)
	

[bookmark: _GoBack]Shortest P Paschen series		S = 3, L = big #,  (short , high energy)

				
	So B is smaller than P,
ie the longest wavelength in Balmer Series is shorter than the shortest in the Paschen Series – so these series won’t overlap.

2. “Glow in the dark” paint uses this phenomenon. The atoms absorb light energy, but there is a time delay before the electron drops to a lower quantum state, so light is given off for some time after the exposure.

3. 
a) where n is the quantum number. 

b) 
As the electron energy gets higher, n gets larger.  As n gets lager, the difference between gets smaller so the energy levels get closer and closer.

4. 2.04 x 10-18 J


5. 

image3.wmf
19

7

8

34

10

87295

.

0

10

097

.

1

10

00

.

3

10

63

.

6

-

-

´

-

´

´

´

´

´

-


Microsoft_Equation3.bin

image4.wmf
÷

÷

ø

ö

ç

ç

è

æ

-

=

l

2

2

L

1

S

1

R

1


Microsoft_Equation4.bin

image5.wmf
14

8

10

34

.

2

10

00

.

3

´

´


Microsoft_Equation5.bin

image6.wmf
2

2

L

1

3

1

-


Microsoft_Equation6.bin

image7.wmf
7

6

10

097

.

1

10

282051

.

1

1

´

´

´

-


Microsoft_Equation7.bin

image8.wmf
2

L

1


Microsoft_Equation8.bin

image9.wmf
÷

÷

ø

ö

ç

ç

è

æ

-

=

l

2

2

L

1

S

1

R

1


Microsoft_Equation9.bin

image10.wmf
÷

÷

ø

ö

ç

ç

è

æ

-

´

=

l

2

2

7

4

1

3

1

10

097

.

1

1


Microsoft_Equation10.bin

oleObject1.bin

oleObject2.bin

image11.wmf
2

Rch

E

n

=-


oleObject3.bin

image12.wmf
22

11

 and 

(n+1)

n


oleObject4.bin

image13.wmf
22

22

22

 

2

111

()

11

()

       : -

th

R

sl

hc

EhfRch

sl

RchRch

E

sl

Rch

sotheenergyinthenquantumstateisE

n

l

l

=-

D===-

D=-

=


oleObject5.bin

image1.wmf
2

final

n

hcR


Microsoft_Equation1.bin

image2.wmf
final

E

hcR

-


Microsoft_Equation2.bin

