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Abstract 
 
      In this research, solar flux is applied as a source for pumping Nd:YAG crystal. Lasing action could be gained when 

there is enough pumped solar flux expressed in term of small signal gain, SSG. Concentration ratio is the term of 

determining how the solar flux is close to produce SSG for lasing action. Concentration is achieved by applying a 

concentrator. Two types of concentrators are applied for comparison:  Frensel lens and parabolic reflecting dish. It is 

found that, a solar intensity of 800 W/ m2 incident on Frensel lens of aperture area (729) Cm2 has a concentration ratio 

of (18000) compared with a parabolic reflecting dish of aperture area (7065) Cm2 has a concentration ratio of (1000). It 

is clear that Frensel lens is preferred over parabolic reflecting dish because it meets the required value of SSG for lasing 

Nd:YAG crystal.                                                                                                                

Keywords:  concentration ratio, dish, Fresnel lens, small signal gain. 

 

 

 دراسة تأثير نوع المركز الشمسي عمى كسب الاشارة الصغيرة لضخ بمورة النيميديوم ياك
 

 بشرى رزوقي ميدي              ىشام عبد الممك عبد المجيد             ميند موسى عزاوي 
        

 وزارة العموم و التكنولوجيا  -مركز الميزر و الكيروبصريات 
 

 

 الخلاصة
 

سي في ىذا البحث , استخدم الفيض الشمسي كمصدر لضخ بمورة النميديوم ياك. يمكن تحقيق الفعل الميزري لمبمورة عندما يتم ضخيا بالفيض الشم       
يزري. يمكن تحقيق التركيز الكافي و الذي يعبر عنو بكسب الاشارة الصغيرة. يشير مصطمح نسبة التركيز الى مدى قرب مستوى الفيض الشمسي من الفعل الم

شمسي و قدره  من خلال استخدام مركز. تم استخدام نوعان من المركزات لممقارنة ىما : عدسة فرنل و الطبق العاكس ذو القطع المكافى. وجد بأن لشدة فيض
مرة مقارنة مع الطبق العاكس ذو  00888 فأنيا تعطي نسبة تركيز قدرىا 2سم 927تسقط عمى عدسة فرنل ذات مساحة فتحة دخول قدرىا  2واط / م 088

مرة. يتبين بأن عدسة فرنل ىي مفضمة عمى الطبق العاكس  0888فأنو يعطي نسبة تركيز قدرىا  2سم 9807القطع المكافىء ذو مساحة فتحة دخول قدرىا 
                                                      لانيا تحقق قيمة كسب الاشارة الصغيرة لضخ بمورة النميديوم ياك.                           
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Introduction 
      Solar radiation as a renewable energy source can be 

converted directly or indirectly into other forms of 

energy, such as heat electricity and pumping active 

media of laser system [1, 2]. Solar pumped lasers 

convert broadband solar radiation into coherent and 

narrowband laser emissions [3]. Solar concentrators 

increase the amount of incident energy on the absorber 

surface as compared to that on the concentrator 

aperture.  The increase is achieved by the use of 

reflecting or refracting surfaces which concentrate the 

incident radiation onto a suitable absorber/ receiver. 

Due to the apparent motion of the sun, the 

concentrating surface is unable to redirect the sun rays 

on the absorber throughout the day if both the 

concentrating surface and the absorber surface are 

stationary.  Several researchers have investigated lasers 

powered directly from solar energy.   Figure (1) shows 

a schematic design of a system generating the solar 

laser using the side pumping technique. 

 
 

 

 

Concept of solar concentration 
      Many concentrator types are possible for increasing 

the flux of the radiation on the receivers; they can be 

reflectors or refractors. They can be cylindrical to focus 

on a “line” or circular to focus on a “point”. Receivers 

can be concave, flat or convex. These show there are 

two types Fresnel lens and parabola dish configurations 

which are shown in Figure (2). 

 
 

 
 

 

There are two natural definitions of solar concentration 

ratio that have been in use;The first definition is strictly 

geometrical and named “Geometric Concentration” or 

“Area Concentration”, while the second one is in terms 

of the ratio of the measured intensity and named 

“Intensity Concentration” or “Flux Concentration”. 

The Area Concentration (Carea) is the ratio of the 

effective area of the aperture to the surface area of the 

absorber [4]: 

 

r
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  Where Aa is the area of the aperture and Ar is the area 

of the receiver (the absorber) of the concentrator. The 

flux concentration (Cflux) is the ratio of the intensity 

at the aperture to that at the absorber [4]. 
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  Where Ia is the value of flux at the aperture and Ir is 

the value of the flux at the receiver (the absorber) of the 

concentrator [5]. 

       

Solar pumping & SSG 
 
   The relationship between solar concentration ratio 

Carea and small signal gain laser, 
 
go , is obtained by [6]. 

 

areapPo CtsNWg                                                (3) 

  

 

 

 
  

 
For CW pumped Nd: YAG lasers the gain coefficient is 

typically on the order of     go = (0.05 − 0.1) cm
-1

 and 

the optimum output coupling ranges (0.80 - 0.98) [7]. 

The laser output power can be written as [7]: 

 
Where Is 

is the saturation flux, D is rod diameter; T and 

R are the output mirror transmission and reflectivity, 

Figure (1) solar pumped laser setup [4]. 

 

Figure (2) types of concentrator: (a) Fresnel lens (FL) (b) 

Parabolic collector. 

 

Table (1) shows optical properties of the Nd/YAG [7] 
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respectively; and L is the loss per pass in the laser 

active media [4]. 

 

Experimental Measurement  
 
       A- We measured ratio of the effective area of the 

Fresnel lens aperture (729 cm
2
) to the surface area of 

the absorber represented spot size diameter (15, 10,…) 

mm in optical screens , as shown in Figure( 3). 

 

 
 

 

 
 

B-Repeat this test, we measured ratio of the effective 

area of the dish aperture (7065 cm
2
) to the surface area 

of the absorber represented spot size diameter (60, 50, 

40,…) mm ,as shown in Figure(4). 

 

 
 

 

 

Results and discussion 
 
     The system set-up of Fresnel lens is illustrated in 

figure (3).The experiment was done on a clear day at 

which the solar flux was approximately 800 W /m
2
. The 

relationship of the measured solar concentrated ratio 

versus spot size diameter is plotted in figure (5). 

  
    

 

 

 
From Figure (5), the highest value of the solar 

concentrated ratio is achieved when the spot size 

diameter is smaller and less valuable when a large spot 

size diameter .From here we conclude that the solar 

concentration ratio can be increased by reducing 

the spot size diameter and increase the area of the 

Fresnel lens. When we used the dish instead of the 

lens the results were less important, although that the 

area of the dish is greater than the Fresnel lens.  Figure 

(6) shows that the best value of the solar concentrated 

ratio up to (1000) and this value is not acceptable 

for the pumping Nd:YAG crystal. 

      

 
 

 

 

  
From the study of the relationship between the solar 

concentration ratios of Fresnel lens with small signal 

gain as represented in Figure (7). It is found that the 

values are acceptable for pumping laser active medium. 

Figure (3) experiment on natural sunlight with Fresnel 

lens. 

 

Figure (4) experiment on natural sunlight with dish. 

 

Figure (5) relationship of the measured solar 

concentrated ratio versus spot size diameter in Fresnel 

lens. 
 

Figure (6) relationship of the measured solar 

concentration ratio versus spot size diameter in dish. 
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The relationship between the solar concentration ratios 

of dish with small signal gain is represented in Figure 

(8). This result is not acceptable for laser, because of 

these values are too small compared with the required 

values.  

 

  
     

 

  
The laser output power from equation (4) under L is the 

loss per pass in the laser 0.025cm
-1

 with small signal 

gain. Best values for the laser when solar concentration 

ratio is high. We conclude that the value of laser output 

depend on type, size of concentrator and active 

medium, see figure (9). 

 

      
     

 

 

 

 

 

 

 

 

Conclusions 
       In this research, we studied more than a model for 

concentrating solar flux; namely solar dish and Fresnel 

lens. Small signal gain is calculated for Nd:YAG crystal 

by using the two types of solar concentrators in 

question. The results are good for the Fresnel lens, but 

not for the solar dish in spite of its bigger area which its 

concentration ratio is 1000 times only. First 

concentrator; namely the Frensel lens  is necessary to 

increase pumped power for laser medium  because it 

has the ability to increase solar concentration ratio to 

18000 times, hence increasing small signal gain for 

laser medium to 0.14 cm
-1

 reaching the required values; 

namely (0.05-0.1) cm
-1

. 
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Figure (7) relationship of the measured solar 

concentration ratios for Fresnel lens With small signal 

gain. 

Figure (8) relationship of measured solar concentration 

ratios for dish versus small signal gain. 
 

Figure (9) relationship of measured small signal gain 

for Frensel lens versus output power. 
 


