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Problems 

1- Proved that   𝑹 =
𝑨

𝝆𝑩
=      𝐞

𝒉𝒄

𝒌𝑻 − 𝟏 (where R is the ratio between the spontaneous  emission 

and the stimulated emission) and then calculate : 

1. The value of  R for a tungsten lamp operates at 2000 k and has an emission 

frequency of 𝟓 × 𝟏𝟎𝟏𝟒 Hz 

2. The value of R for yellow light (590 nm) room temperature is 300 Kelvin 

3. At any temperature the stimulated emission rate is equal to the spontaneous  

emission rate for yellow light (590 nm) 

4. What is the wavelength when R = 1  at room temperature 

 

2- Calculate the ratio between the two levels of energy at room temperature 300 K according 

to Boltzmann statistic, if the wavelength of the wave falling on this system is 590 nm and then 

find the energy needed to make this ratio equal to half? 

 

3- Compare between collision and Doppler broadening  to the Neon gas spectrometer at room 

temperature of 300 k for the line laser ( 632 nm). Note that the molecular mass M 18.6 and 

collision time is 𝟎. 𝟓 × 𝟏𝟎−𝟔 Sec ? 

 

4- Calculate the amount of 𝛌𝒎at 6000 k according to Wien’s Displacement Law, and what is 

the color corresponding to this wavelength? 

 

5- If the intensity of light passing through the  laser medium has length  0.5 m . 

1 - Calculate the coefficient of gain (without loss) ? 

2 - Calculate the coefficient of gain , If the intensity increase by 5% for the same path? 
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Problems 
1- Proved that 𝑹 = 𝑨 /𝝆𝑩 = 𝐞𝒉𝒄 /𝒌𝑻 − 𝟏 (where R is the ratio between the spontaneous emission 

and the stimulated emission) and then calculate :  

1. The value of R for a tungsten lamp operates at 2000 k and has an emission frequency of 𝟓 
× 𝟏𝟎𝟏𝟒 Hz  

2. The value of R for yellow light (590 nm) room temperature is 300 Kelvin  

3. At any temperature the stimulated emission rate is equal to the spontaneous emission rate 

for yellow light (590 nm)  

4. What is the wavelength when R = 1 at room temperature 

 

𝝆𝒗 =
8 𝜋ℎ𝑣3 /𝑐3

𝐞𝒉𝒗/𝒌𝑻−𝟏
          Planck equation 

𝑨 

𝑩  
=

8 𝜋 ℎ 𝑣3 

𝑐3
 

𝑹 =
𝑨

𝝆𝑩
=

𝑨

𝑩
×

𝟏

𝝆
=

8 𝜋 ℎ 𝑣3 

𝑐3
×

1

8 𝜋ℎ𝑣3 /𝑐3

𝐞𝒉𝒗/𝒌𝑻 − 𝟏

 = 𝐞𝒉𝒗/𝒌𝑻 − 𝟏 

1. 𝐑 = 𝐞𝒉𝒗/𝒌𝑻 − 𝟏 = (𝒆𝟔.𝟔𝟐𝟓×𝟏𝟎−𝟑𝟒×𝟓×𝟏𝟎𝟏𝟒 𝟏.𝟑𝟖×𝟏𝟎−𝟐𝟑×𝟐𝟎𝟎𝟎 ⁄ ) − 𝟏 = 𝟏. 𝟔𝟑 × 𝟏𝟎𝟓 

This result shows the dominance of Spontaneous emission 

 

2. 𝐑 = 𝐞𝒉𝒄/𝒌𝑻𝝀 − 𝟏 = (𝒆𝟔.𝟔𝟐𝟓×𝟏𝟎−𝟑𝟒×𝟑×𝟏𝟎𝟖 𝟏.𝟑𝟖×𝟏𝟎−𝟐𝟑×𝟑𝟎𝟎×𝟓𝟗𝟎𝟎×𝟏𝟎−𝟏𝟎 ⁄ ) − 𝟏 = 𝟐. 𝟐𝟓 × 𝟏𝟎𝟓 

3. 𝐑 = 𝟏 = 𝐞𝒉𝒄/𝒌𝑻𝝀 − 𝟏 →  𝟐 = 𝐞
𝒉𝒄

𝒌𝑻𝝀  → 𝒍𝒏 𝟐 =
𝒉𝒄

𝒌𝑻𝝀
→   𝑻 =

𝒉𝒄

𝒌𝝀𝒍𝒏𝟐
=

𝟔. 𝟔𝟐𝟓 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖 𝟏. 𝟑𝟖 × 𝟏𝟎−𝟐𝟑 × 𝟓𝟗𝟎𝟎 × 𝟏𝟎−𝟏𝟎 ⁄ × 𝟎. 𝟔𝟗𝟑 = 𝟑. 𝟓 × 𝟏𝟎𝟒𝑲 

4. 𝐑 = 𝟏 = 𝐞𝒉𝒄/𝒌𝑻𝝀 − 𝟏 →  𝟐 = 𝐞
𝒉𝒄

𝒌𝑻𝝀  → 𝒍𝒏 𝟐 =
𝒉𝒄

𝒌𝑻𝝀
→  𝝀 =

𝒉𝒄

𝒌 𝑻 𝒍𝒏𝟐
=

𝟔. 𝟔𝟐𝟓 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖 𝟏. 𝟑𝟖 × 𝟏𝟎−𝟐𝟑 × 𝟑𝟎𝟎 ⁄ × 𝟎. 𝟔𝟗𝟑 = 𝟔. 𝟗 × 𝟏𝟎−𝟓 𝒎 
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2- Calculate the ratio between the two levels of energy at room temperature 300 K according 

to Boltzmann statistic, if the wavelength of the wave falling on this system is 590 nm and 

then find the energy needed to make this ratio equal to half?  

𝑵𝟐

𝑵𝟏
=      𝐞

−  
𝒉𝒗

𝒌𝑻 =      𝐞
−  

𝒉𝒄

𝒌𝑻𝝀 
    

= (𝒆−𝟔.𝟔𝟐𝟓×𝟏𝟎−𝟑𝟒×𝟑×𝟏𝟎𝟖 𝟏.𝟑𝟖×𝟏𝟎−𝟐𝟑×𝟑𝟎𝟎×𝟓𝟗𝟎×𝟏𝟎−𝟗 ⁄ ) = 𝟖𝟏. 𝟒𝟎𝟏 

When            
𝑵𝟐

𝑵𝟏
= 𝟏/𝟐 

𝟏

𝟐
=      𝐞

−  
𝒉𝒗

𝟏.𝟑𝟖×𝟏𝟎−𝟐𝟑×𝟑𝟎𝟎
   

=      𝐞
−  

𝒉𝒗

𝟒.𝟏𝟒×𝟏𝟎−𝟐𝟏    
 

   𝐥𝐧 𝟏 − 𝐥𝐧 𝟐 = 𝟎 − 𝟎. 𝟔𝟗𝟑 = 
−  

𝒉𝒗

𝟒.𝟏𝟒×𝟏𝟎−𝟐𝟏                                              
 

𝒉𝒗 = 𝟐. 𝟖𝟔 × 𝟏𝟎−𝟐𝟏  J 
 

3- Compare between collision and Doppler broadening to the Neon gas spectrometer at room 

temperature of 300 k for the line laser ( 632 nm). Note that the molecular mass M 18.6 and 

collision time is𝟎.𝟓×𝟏𝟎−𝟔 Sec ? 

  

∆𝒗𝟎)𝒄 =
𝟏

𝝅𝝉𝒄
=

𝟏

𝟑. 𝟏𝟒 × 𝟎. 𝟓 × 𝟏𝟎−𝟔
= 𝟎. 𝟔𝟒 𝑴𝑯𝒛 

∆𝒗𝟎)𝑫 = 𝟕. 𝟏𝟔 × 𝟏𝟎−𝟕𝒗𝟎√
𝑻

𝑴
= 𝟕. 𝟏𝟔 × 𝟏𝟎−𝟕

𝒄

𝝀
√

𝑻

𝑴
= 𝟕. 𝟏𝟔 × 𝟏𝟎−𝟕

𝟑 × 𝟏𝟎𝟖

𝟔𝟑𝟐 × 𝟏𝟎−𝟗
√

𝟑𝟎𝟎

𝟏𝟖. 𝟔
= 𝟏. 𝟑𝟔𝟓 𝑮𝑯𝒛 

∆𝒗𝟎)𝑫

∆𝒗𝟎)𝒄
=  

𝟏. 𝟑𝟔𝟓 × 𝟏𝟎𝟗

𝟎. 𝟔𝟒 × 𝟏𝟎𝟔
  = 𝟐. 𝟏𝟑𝟑 × 𝟏𝟎𝟑 

 

∴      ∆𝒗𝟎)𝑫 ≫ ∆𝒗𝟎)𝒄 

The Doppler broadening  is dominant 
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4- Calculate the amount of 𝛌𝒎 at 6000 k according to Wien’s Displacement Law, and what is 

the color corresponding to this wavelength?  
 

𝛌𝒎𝑻 = 𝟐. 𝟗 × 𝟏𝟎−𝟑 

𝛌𝒎(𝟔𝟎𝟎𝟎) = 𝟐. 𝟗 × 𝟏𝟎−𝟑      ∴ 𝛌𝒎 = 𝟒𝟖𝟑𝟑 × 𝟏𝟎−𝟏𝟎𝒎 = 𝟒𝟖𝟑𝟑 𝑨̇ 

The color corresponding to the wavelength is (greenish blue) 

Red Orange Yellow Green Blue Indigo Violet 

7000 6200 5800 5300 4700 4400 4200 

  

 

 

5- If the intensity of light passing through the laser medium Doubled has length 0.5 m  

1 - Calculate the coefficient of gain (without loss) ?  

2 - Calculate the coefficient of gain , If the intensity increase by 5% for the same path? 

   -        
𝑰𝒙

𝑰𝟎
=   𝒆−𝜶𝒙    →

𝟐𝑰𝟎

𝑰𝟎
=  𝒆−𝜶(𝟎.𝟓)    → 𝒍𝒏 𝟐 = −𝟎. 𝟓𝜶  → 𝜶 =  −𝟏. 𝟑𝟗 𝒎−𝟏  

𝑮 = −𝜶 =  𝟏. 𝟑𝟗 𝒎−𝟏 

2   -        
𝑰𝒙

𝑰𝟎
=   𝒆−𝜶𝒙    →

𝟏.𝟎𝟓 𝑰𝟎

𝑰𝟎
=  𝒆−𝜶(𝟎.𝟓)    → 𝒍𝒏 𝟏. 𝟎𝟓 = −𝟎. 𝟓𝜶  → 𝜶 =  −𝟎. 𝟎𝟗𝟖 𝒎−𝟏  

𝑮 = −𝜶 =  𝟎. 𝟎𝟗𝟖 𝒎−𝟏 

 

 


