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Name:      DISC:   Score:  / 20

Instructions: 
 Do your own work. 

 Answer the questions below in the space provided.  

 You must show all of your work to received credit for these problems  

 Please place a box around your answers. 

 Remember to give the correct units with all numerical answers 
 

1.  For the electron and photon listed in the table fill in the  

remaining quantities: 

We will make use of the following conversions and constants: 

𝟏 𝒆𝑽 = 𝟏. 𝟔𝟎𝟐 × 𝟏𝟎−𝟏𝟗𝑱 

𝒎𝒆 = 𝟓𝟏𝟏 𝒌𝒆𝑽/𝒄𝟐 

  

 

 

 

  

 

 Step 1:  Find the wavelength and momentum of the photon:   

 𝝀 =
𝒉𝒄

𝑬
=

(𝟏𝟐𝟒𝟎 𝒆𝑽 𝒏𝒎)

(𝟓 𝒆𝑽)
= 𝟐𝟒𝟖 𝒏𝒎 

 𝒑 =
𝒉

𝝀
=

(𝟔.𝟔𝟐𝟔×𝟏𝟎−𝟑𝟒𝑱 𝒔)

𝟐𝟒𝟖 𝒏𝒎
= 𝟎. 𝟎𝟐𝟔𝟕 × 𝟏𝟎−𝟐𝟓 = 𝟐. 𝟔𝟕 × 𝟏𝟎−𝟐𝟕 𝒌𝒈 𝒎/𝒔   

 

Step 2:  Find the wavelength and momentum of the electron:   

𝒑 = √𝟐𝒎𝑬 =  √𝟐(𝟓𝟏𝟏 𝒌𝒆𝑽/𝒄𝟐)(𝟓 𝒆𝑽) = 𝟐. 𝟐𝟔 𝒌𝒆𝑽/𝒄    

𝝀 =
𝒉

𝒑
=

(𝟔. 𝟔𝟐𝟔 × 𝟏𝟎−𝟑𝟒𝑱 𝒔)

(𝟐. 𝟐𝟔 𝒌𝒆𝑽/𝒄)

𝟏 𝒆𝑽

(𝟏. 𝟔𝟎𝟐 × 𝟏𝟎−𝟏𝟗𝑱)
= (𝟏. 𝟖𝟑𝟎 × 𝟏𝟎−𝟏𝟖 𝒔) × (𝟑 × 𝟏𝟎𝟏𝟕

𝒏𝒎

𝒔
)

= 𝟎. 𝟓𝟒𝟗 𝒏𝒎  

   

Step 3:  Use the energy resolution to find the momentum resolution: 

𝒑 = √𝟐𝒎𝑬 =  √𝟐(𝟓𝟏𝟏 𝒌𝒆𝑽/𝒄𝟐)(𝟎. 𝟏 𝒆𝑽) = 𝟎. 𝟑𝟐𝟎𝒌𝒆𝑽/𝒄   

Step 4:  Apply Uncertainty Relation:  𝚫𝒙 ≥
ℏ

𝟐×𝟐×𝟎.𝟑𝟐𝟎
𝒌𝒆𝑽

𝒄

=
𝟏.𝟎𝟓𝟒𝟔×𝟏𝟎−𝟑𝟒𝑱 𝒔 

𝟏.𝟔𝟎𝟐×
𝟏𝟎−𝟏𝟗𝑱

𝒆𝑽

𝟏

𝟏𝟐𝟕𝟗
𝒆𝑽

𝒄

= 𝟎. 𝟎𝟎𝟎𝟓𝟏𝟓 𝒄 × 𝟏𝟎−𝟏𝟐 𝒔 

𝚫𝒙 ≥  𝟎. 𝟎𝟎𝟎𝟓𝟏𝟓 (𝟑 × 𝟏𝟎𝟏𝟕
𝒏𝒎

𝒔
) × 𝟏𝟎−𝟏𝟐 𝒔 = 𝟎. 𝟎𝟎𝟏𝟓𝟒𝟓 × 𝟏𝟎𝟓𝒏𝒎 ≥ 𝟏𝟓𝟒. 𝟓 𝒏𝒎 

 

 

 

 

ENERGY WAVELENGTH 𝜆 MOMENTUM 𝑝 POSITION 
UNCERTAINTY 

photon:  
𝐸 = 5 𝑒𝑉 

𝟐𝟒𝟖 𝒏𝒎 𝟐. 𝟔𝟕 × 𝟏𝟎−𝟐𝟕 𝒌𝒈 𝒎/𝒔  

electron:  
𝐸 = 5 ± 0.1  𝑒𝑉 

𝟎. 𝟓𝟒𝟗 𝒏𝒎 𝟐. 𝟐𝟔 𝒌𝒆𝑽/𝒄 ≥ 𝟏𝟓𝟒. 𝟓 𝒏𝒎 

Q1 Q2 Q3 Q4 
    

5 10 5 5 
 

 SPEED OF LIGHT 𝑐 = 3 × 108𝑚/𝑠 

h 6.626 × 10−34𝐽𝑠 

ℏ 1.0546 × 10−34𝐽𝑠 

ELECTRON MASS 𝑚𝑒 = 9.1 × 10−31𝑘𝑔 

ℎ𝑐 1240 𝑒𝑉 𝑛𝑚 

MOMENTUM 𝑝 = ℎ/𝜆 

PHOTON ENERGY 𝐸 = ℎ𝑐/𝜆 

PARTICLE ENERGY 𝐸 = 𝑝2/2𝑚 

UNCERTAINTY 
PRINCIPLE 

Δ𝑥Δ𝑝 ≥ ℏ/2 

Useful Information 

Table  (5 pts.): 
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2.  Remembering that the energy levels of a hydrogen-like atom can be calculated:  𝐸𝑛 =  −13.6 𝑒𝑉 (
𝑍2

𝑛2), where 𝑛 

is an integer, and 𝑍 = 1 for hydrogen.  Calculate the following properties of the photon needed to make the 

following transitions in hydrogen:    

 

Step 1:  Find the energy of the transitions:  𝚫𝑬 =  (−𝟏𝟑. 𝟔 𝒆𝑽) (
𝟏

𝒏𝒇
𝟐 −

𝟏

𝒏𝒊
𝟐) 

Step 2:  Find the wavelength associated with each transition:  𝝀 =
(𝟏𝟐𝟒𝟎 𝒆𝑽 𝒏𝒎)

𝚫𝑬
 

𝑛 = 1 → 𝑛 = 3 𝟏

𝟑𝟐
−

𝟏

𝟏𝟐
=  −𝟎. 𝟖𝟖𝟗 

𝑬 =  −𝟏𝟑. 𝟔 𝒆𝑽 × −𝟎. 𝟖𝟖𝟗 = 𝟏𝟐. 𝟎𝟗 𝒆𝑽 (𝟏𝟐𝟒𝟎 𝒆𝑽 𝒏𝒎)

𝟏𝟐. 𝟎𝟗 𝒆𝑽
= 𝟏𝟎𝟐. 𝟓𝟔 𝒏𝒎 

𝑛 = 1 → 𝑛 = 2 𝟏

𝟐𝟐
−

𝟏

𝟏𝟐
=  −𝟎. 𝟕𝟒 

𝑬 =  −𝟏𝟑. 𝟔 𝒆𝑽 × −𝟎. 𝟕𝟒 = 𝟏𝟎. 𝟎𝟔 𝒆𝑽 (𝟏𝟐𝟒𝟎 𝒆𝑽 𝒏𝒎)

𝟏𝟎. 𝟎𝟔 𝒆𝑽
= 𝟏𝟐𝟑. 𝟐𝟔 𝒏𝒎 

𝑛 = 4 → 𝑛 = 5 𝟏

𝟓𝟐
−

𝟏

𝟒𝟐
=  −𝟎. 𝟎𝟐𝟐𝟓 

𝑬 =  −𝟏𝟑. 𝟔 𝒆𝑽 × −𝟎. 𝟎𝟐𝟐𝟓 = 𝟎. 𝟑𝟎𝟔 𝒆𝑽 (𝟏𝟐𝟒𝟎 𝒆𝑽 𝒏𝒎)

𝟎. 𝟑𝟎𝟔 𝒆𝑽
= 𝟒𝟎𝟓𝟐. 𝟑 𝒏𝒎 

𝑛 = 2 → 𝑛 = 3 𝟏

𝟑𝟐
−

𝟏

𝟐𝟐
=  −𝟎. 𝟏𝟑𝟗 

𝑬 =  −𝟏𝟑. 𝟔 𝒆𝑽 × −𝟎. 𝟏𝟑𝟗 = 𝟏. 𝟖𝟗𝟎 𝒆𝑽 (𝟏𝟐𝟒𝟎 𝒆𝑽 𝒏𝒎)

𝟏. 𝟖𝟗𝟎𝒆𝑽
= 𝟔𝟓𝟔. 𝟏 𝒏𝒎 

𝑛 = 3 → 𝑛 = 4 𝟏

𝟒𝟐
−

𝟏

𝟑𝟐
=  −𝟎. 𝟎𝟒𝟖𝟔 

𝑬 =  −𝟏𝟑. 𝟔 𝒆𝑽 × −𝟎. 𝟎𝟒𝟗𝟔 = 𝟎. 𝟔𝟔 𝒆𝑽 (𝟏𝟐𝟒𝟎 𝒆𝑽 𝒏𝒎)

𝟎. 𝟔𝟔𝒆𝑽
= 𝟏𝟖𝟕𝟔 𝒏𝒎 

 

  

TRANSITION WAVELENGTH 𝜆 ENERGY 𝐸 

  𝑛 = 1 → 𝑛 = 3 𝟏𝟎𝟐. 𝟓𝟔 𝒏𝒎 𝟏𝟐. 𝟎𝟗 𝒆𝑽 
𝑛 = 1 → 𝑛 = 2 𝟏𝟐𝟑. 𝟐𝟔 𝒏𝒎 𝟏𝟎. 𝟎𝟔 𝒆𝑽 
𝑛 = 4 → 𝑛 = 5 𝟒𝟎𝟓𝟐. 𝟑 𝒏𝒎 𝟎. 𝟑𝟎𝟔 𝒆𝑽 
𝑛 = 2 → 𝑛 = 3 𝟔𝟓𝟔. 𝟏 𝒏𝒎 𝟏. 𝟖𝟗𝟎 𝒆𝑽 
𝑛 = 3 → 𝑛 = 4 𝟏𝟖𝟕𝟔 𝒏𝒎 𝟎. 𝟔𝟔 𝒆𝑽 

Table  (10 

pts.): 
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Light Source

3. A beam of red light 𝜆 = 650 𝑛𝑚 impinges a screen with two slits spaced 𝑑 = 2 𝜇𝑚 apart.   

 

 

 

 

 

a) On the diagram sketch the interference pattern you expect from two-slit interference.   

b) Fill in the following table for the interference minima (𝑑 sin 𝜃 = (𝑚 +
1

2
 ) 𝜆): 

Minimum Angle Position 

𝑚 = 1 𝟐𝟗. 𝟐° 𝟎. 𝟎𝟑𝟒𝟗 𝒎 
𝑚 = 2 𝟓𝟒. 𝟒° 𝟏. 𝟑𝟗𝟕  𝒎 
𝑚 = 3 𝒖𝒏𝒅𝒆𝒇𝒊𝒏𝒆𝒅 𝒖𝒏𝒅𝒆𝒇𝒊𝒏𝒆𝒅 
𝑚 = 4 𝒖𝒏𝒅𝒆𝒇𝒊𝒏𝒆𝒅 𝒖𝒏𝒅𝒆𝒇𝒊𝒏𝒆𝒅 

Step 1:  Find the angle associated with each m:  𝜽 =  𝒂𝒔𝒊𝒏 [
(𝒎+

𝟏

𝟐
)𝝀

𝒅
] = 𝒂𝒔𝒊𝒏 [

(𝒎+
𝟏

𝟐
)(𝟔𝟓𝟎 𝒏𝒎)

𝟐 𝝁𝒎
] 

𝒎 = 𝟏:  𝜽 =  𝒂𝒔𝒊𝒏 [
(

𝟑
𝟐) (𝟔𝟓𝟎 𝒏𝒎)

𝟐 𝝁𝒎
] = 𝒂𝒔𝒊𝒏(𝟒𝟖𝟕. 𝟓 × 𝟏𝟎−𝟑) = 𝟐𝟗. 𝟐° 

𝒎 = 𝟐:  𝜽 =  𝒂𝒔𝒊𝒏 [
(

𝟓
𝟐) (𝟔𝟓𝟎 𝒏𝒎)

𝟐 𝝁𝒎
] = 𝒂𝒔𝒊𝒏(𝟖𝟏𝟐. 𝟕 × 𝟏𝟎−𝟑) = 𝟓𝟒. 𝟒° 

𝒎 = 𝟑:  𝜽 =  𝒂𝒔𝒊𝒏 [
(

𝟕
𝟐) (𝟔𝟓𝟎 𝒏𝒎)

𝟐 𝝁𝒎
] = 𝒂𝒔𝒊𝒏(𝟏𝟏𝟑𝟕. 𝟖 × 𝟏𝟎−𝟑) = 𝒖𝒏𝒅𝒆𝒇𝒊𝒏𝒆𝒅 

The argument is greater than 1.  That’s OK.  This just means that we cannot get any interference minima after 
the second minimum.  Remember, the interference pattern is geometry dependent. 
 

Sketch  (1 

pts.): 

Table (4 pts.): 
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Step 2:  Using 𝑳 = 𝟏 𝒎 and our trig functions we can locate in space the interference minima on the screen: 
𝒎 = 𝟏: 𝒚 = 𝑳 𝐭𝐚𝐧 𝟐𝟗. 𝟐° = 𝟎. 𝟓𝟓𝟖 𝒎 
𝒎 = 𝟐: 𝒚 = 𝑳 𝐭𝐚𝐧 𝟓𝟒. 𝟒° = 𝟏. 𝟑𝟗𝟕  𝒎 


