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Abstract. The measurement of the focal length of a bi-convex lens using auto-
collimation imaging is a fundamental experiment in college. However, some 

teachers and students are confused by unwanted reflection images unaffected by the 

plane mirror when tracking the accurate image reflected by that mirror. By delving 
into the formulas of the reflection imaging of thin lenses through two different 

reflection imaging methods and introducing the notion of focal power, this paper 

obtained the inequalities determining the formation of the reflection images. These 
inequalities can explain the existence of the reflection images, analyze the general 

cases of reflection imaging using a thin lens, and do a quantitative calculation of a 

thin lens with specific parameters. This work can help teachers and students 
understand the reflection imaging of thin lenses, and it can be designed as an 

experimental procedure to foster greater scientific interest among students in this 

subject by combining different teaching methods. 
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1. Introduction 

Lenses play a fundamental role in physics, mechanical engineering, materials science, 

clinical medicine, and other fields, and their focal lengths have been extensively 

researched [1-4]. Using the auto-collimation method to measure the focal length of the 

bi-convex is a basic experiment in university labs. In this experiment, some teachers and 

students are confused about the reflection image shown in Figure 1, which is not 

unaffected by moving or rotating the plane mirror [5]. 

To deeply understand, researchers have conducted massive research on the reflection 

imaging of thin lenses. Generally, they analyze the reflection phenomena using the step-

by-step imaging method under paraxial approximation. Among them, Yousheng Shu 

establishes the object-image relationship of thin lenses through refraction-reflection-

refraction (R-L-R) imaging, while Guijuan Yang through thin lenses' first-sphere 

imaging [6, 7]. In addition, they primarily discuss and apply the relationships to measure 

the radii and refractive index of the thin lenses [8]. 

However, the reason why the reflection images of thin lenses exist there in different 

surroundings is unknown. To get that reason, we did an in-depth analysis of the reflection 
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imaging formulas of thin lenses in this paper and obtained the inequalities that determine 

whether an image is produced through the reflection imaging of a thin lens. Based on 

these inequalities, various scenarios for reflection imaging of thin lenses are explored 

and discussed. This paper provides a deep understanding of these phenomena for teachers 

and students. 

Currently, college physics experimental teaching places great emphasis on 

developing students' abilities and improving classroom teaching methods [9-12]. Various 

teaching models such as micro-lectures, heuristic teaching, flipped classrooms, graphical 

programming environments, and project-driven approaches are employed [13,14]. 

Through these methods, teachers can design experiments on reflection imaging with thin 

lenses to help students develop a scientific mindset for problem discovery and solving 

[15,16]. Exploring problem-based learning methods, adopting a combination of 

qualitative and quantitative approaches, and exploring improvements and evaluations in 

teaching methods are all effective measures and approaches in the teaching process [17]. 

 

Figure 1. The reflection image of bi-convex 

2. Two Reflection Imaging Methods of Thin lenses 

A thin lens is a coaxial spherical system consisting of two refractive spheres. Through 

this lens, light undergoes refraction at its first sphere, reflection at the second sphere, and 

then refraction again through the first sphere to form an image. This imaging method is 

known as R-L-R imaging. Furthermore, when the first sphere of the thin lens is a concave 

spherical surface, light can also be imaged solely through the first sphere of the thin lens. 

Hence, there are two approaches to imaging in reflection utilizing a thin lens. 

To analyze the reflection image of a thin lens, we agreed that the light rays propagate 

from left to right and follow the sign rule: The length of the line starts from the vertex of 

the sphere, and when the intersection point of the ray and principal axis is on the right of 

the vertex, the length of line is positive, and vice versa, if it's on the left side, it's negative; 

The distance from object point or image point to principle axis is positive above and 

negative below; Use positive values for each length quantity in figure. 

Assume the thin lens is displayed in an environment with a specific refractive index 

n  and has a refractive index n . The first sphere of the lens is marked as " 1S ", while 

P. Liao and L. Wei / An Analysis of Two Methods for Reflection Imaging and Decisive Inequalities78



the second sphere is " 2S ". The schematic diagrams of R-L-R imaging and first-sphere 

reflection imaging can be expressed as Figures 2(a) and 2(b), respectively. The 

corresponding lens formulas for these maps are equation (1) [6, 8] and equation (2), 

respectively. 

2( )
1 2

n n n - n n+ = - -
l l r r                           (1) 

1

1 1 2

l l r
                              (2)

 

 
Figure 2. Schematic diagrams of reflection imaging using a thin lens 

3. Decisive Inequalities for the Formation of the Reflection Images of Thin Lens 
Corresponding to the Two Reflection Imaging Methods 

According to the sign rule, if a thin lens forms a real image, both the object distance and 

the image distance must be less than 0, indicating that the object and the image are on 

the same side. Since the absolute refractive index of the thin lens is greater than 1, we 

can derive from equations (1) and (2) to obtain the following two inequalities. 

1 2

n - n n
r r                             (3) 

0r                               (4) 

Inequality (3) indicates that the ability of a thin lens to form a real image through 

the process of R-L-R imaging depends on various factors, including the radii of the two 

spheres, the refractive index of the thin lens, and the refractive index of its surrounding 

medium. Inequality (4) states that for the first sphere of a thin lens to produce a real 

image through reflection, it must have a concave shape, implying that its radius should 

be negative. 
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If we use focal power instead, the refraction focal power for 1S  sphere of the thin 

lens is 1refr
1

n - n
r , the reflection focal power is 1

2
refl

1

n
r , and for 2S  sphere, the 

reflection focal power is 
2

2
refl

n
r   in the direction of the light. Consequently, 

inequalities (3) and (4) can be modified as follows. 

1 22 0refl refr refl                         (5) 

1 0refl                             (6) 

It is evident that the total focal power of light passing through a thin lens must be 

greater than 0 to form a real image. In the case of thin-lens reflection imaging, 

inequalities (3) and (4), or (5) and (6), serve as decisive formulas for R-L-R imaging and 

first-sphere reflection imaging respectively. 

4. Application 

4.1. The General Cases of Reflection Imaging Using Thin Lenses 

Table 1. The general cases of R-L-R imaging for thin lenses lactated in different media 

Thin lens Radius 

n n  n n  

refl  Image condition refl  Image condition 

Bi-convex 1 20, 0r r  0  - 0  
1 2

n - n n
r r

 

Plano- 

convex 

1 2, 0r r  0  - 0  - 

1 20,r r  0  - 0 - - 

Concavo- 
convex 

1 2 0r r  0  - 0  - 

2 1 0r r  0  
1 2

n - n n
r r

 0 - - 

Bi-concave 1 20 0r r  0 - - 0  
1 2

n - n n
r r

 

Plano- 

concave 

1 20r r  0 - - 0  - 

1 2 0r r  0 - - 0 - - 

Convexo- 
concave 

2 1 0r r  0  
1 2

n - n n
r r

 0  - 

1 2 0r r  0 - - 0 - - 

refl : the total focal power of reflection imaging using a thin lens; n’: the refractive index of thin lens; n: the 

refractive index of surrounding medium 

The first-sphere reflection imaging is simple and will not be discussed here. By analyzing 

inequalities (3) and (5), the general cases of R-L-R imaging can be determined, as shown 

in Table 1. 
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Table 1 presents two primary findings. First, for bi-convex, plano-convex, concavo-

convex, or convexo-concave in a place where the refractive index of the thin lens is 

higher than that of its surrounding environment, they can obtain a real image. However, 

in this scenario, the bi-concave or plano-concave fails to achieve an image. Second, for 

bi-convex, plano-convex, concavo-convex, bi-concave, plano-concave, or convexo-

concave in a place where the refractive index of the thin lens is lower than that of its 

surrounding medium, they can produce a real image. 

These general cases can be designed to help understand the reflection images when 

measuring the focal length of a thin lens using auto-collimation imaging. First, measure 

the focal length of a thin lens using the auto-collimation method and finish it. Second, 

show the phenomena of the reflection images of the thin lens and raise the question of 

how they happen. Third, students experiment and discuss it. Fourth, send the materials 

that can help understand these phenomena, let the students learn, and do the calculation. 

Fifth, discuss and conclude. Six, show it together on the experiment report. Besides, other 

teaching methods can also be designed into the procedure. 

4.2. Analysis of the Interference Images 

Take the experiment of determining the focal length of a H-K9L uncoated bi-convex lens 

using the auto-collimation method as an example. The experimental apparatus is 

displayed in the air, and Figure 3 displays the main parameters of the bi-convex lens. 

During the experimental procedure, when positioning the bi-convex in a specific location, 

a clear interference image appears on the object screen. This image remains unaffected 

even when moving or rotating the plane mirror. Thus, we can conclude that this 

interference image is a reflection image. However, how exactly does the bi-convex 

reflect the light to form a real image still remains unknown. 

 

Figure 3. The bi-convex used to determine the focal length and its basic parameters 

To get the reason, the following quantitative calculations will be conducted utilizing 

the given convex parameters. For 1S  sphere of the convex, the refraction focal power is 

1

1

1.5106 1
5.1838 /m

0.09850
refr

n - n
r , 
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the reflection focal power is 

1

2 2
20.3046 / m

0.09850
refl

1

n
r . 

For 2S  sphere, the reflection focal power is 

2

2 2 1.5106
30.6721/ m

0.09850
refl

n
r . 

Assume the interference image is introduce by R-L-R imaging, the total focal power 

of bi-convex is 

1 2 41.0396 / mrefl refr refl . 

By inequality (5), we confirm that this image can be introduced by R-L-R imaging of the 

bi-convex lens. 

Since the first sphere has a reflection focal power lower than 0, according to 

inequality (6), it can be concluded that obtaining the interference image through the first-

sphere imaging is impossible. 

Based on the above quantitative analysis, we can conclude that the interference 

image observed in the experiment to determine the focal length of a bi-convex lens using 

auto-collimation imaging is caused by R-L-R reflection imaging. 

5. Conclusion 

By analyzing the two methods of reflection imaging with thin lenses and introducing the 

concept of focal power, We have reached the following conclusions. 

1) The imaging of thin lenses through reflection includes two methods: R-L-R 

imaging and first-sphere imaging. R-L-R imaging depends on the radii of the two spheres, 

the refractive index of the thin lens, and its surrounding medium, while first-sphere 

imaging on the radius of its first sphere. 

2) To form a real reflection image, the parameters of thin lenses must adhere to the 

inequalities (3)~(6). For first-sphere imaging, inequality (4) indicates that the first sphere 

of the thin lens must be concave. In addition, analyzed from a focal power perspective, 

inequalities (5) and (6) show that the total focal power of the sub-interface through which 

the light passes in the thin lens must be greater than 0. 

3) The inequalities of reflection imaging in thin lenses can be utilized to analyze the 

general situations of thin lens reflection imaging and qualitatively analyze the 

interference images that appear in the experiment of determining the thin lens’ focal 

length through the auto-collimation method. 

Furthermore, although this paper provides a basic understanding of the reflection 

imaging of thin lenses, other aspects are still worth studying. In terms of education, 

measuring the focal length of a thin lens using the auto-collimation method can be 

combined with the experiment on thin lens reflection imaging, which can help address 

students' confusion, enhance their knowledge, and foster their interest in scientific 
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exploration. Regarding applications, measuring the focal length of optical lenses can be 

further studied. Additionally, in terms of theory, there is an expectation for additional 

research on the reflection imaging of thick lenses or multiple lenses. 

Acknowledgment 

This project is supported by the 2022 Special Project of the 14th Five-Year Plan of 

Guangxi Education Science (2022ZJY3241) 

References 

[1] Sasián, José. Simple and accurate method for determining lens focal length[J]. Optical Engineering, 2023, 

62(3): 034108-034108. 
[2] Kokkonen, M., Myllymäki, S., & Jantunen, H. Focal length of a low permittivity plano-convex lens at 

frequencies 30-600 GHz[J]. Electronics Letters, 2020, 56(5): 223-225. 

[3] Xu Jinbo, Zhao Youran, Liu Chao, et al. Non-aqueous organic solution based on a large-aperture 
spherical electrowetting liquid lens with a wide tunable focal length range[J]. Journal of Materials 

Chemistry, 2022, 10(17): 6778-6793. 

[4] Zhang Pengfei, Jacopo Mocci, Daniel J. Wahl, et al. Effect of a contact lens on mouse retinal in vivo 
imaging: Effective focal length changes and monochromatic aberrations[J]. Experimental eye research, 

2018, 172: 86-93. 

[5] Yu Cuiling, Jiang Xiangqian, Yao Fengfeng, et al. Analysis on interferential images in the experiment of 
measuring the focal length of thin convex lens by auto-collimation method[J]. College Physics, 2023, 42 

(9): 28-30 43 (in Chinese).  

[6] Shu Yousheng. Lens reflection imaging[J]. Physics Teaching, 1984, (8): 20 (in Chinese). 
[7] Yang Guijuan. Measuring the focal length of a concave lens with the method of reflection[J]. Physical 

Experiment of College, 2000, (01): 41-42 45 (in Chinese). 

[8] Song Xiaoxin. A method for measuring the refractive index and radius of curvature of thin lens[J]. 
Physics Experimentation, 1991, (02): 57-59(in Chinese). 

[9] Li Xue, Shao Zhiguo, Wang Haiyan. Study on the Micro Lesson and Flipped Lesson on College Physics 

Experiment[C]. 4th International Education, Economics, Social Science, Arts, Sports and Management 
Engineering Conference (IEESASM 2016), Atlantis Press, 2016, 1035-1039. 

[10] Jia Xiaoqiu, Guan Xiaoyu. A Discussion on Heuristic Teaching Mode of Professional Quality in Higher 

Education[C]. Proceedings of the 2016 6th International Conference on Mechatronics, Computer and 
Education Informationization (MCEI 2016), Atlantis Press, 2016, 130:1216-1219. 

[11] Çelik, Harun, Hüseyin Miraç Pektas, Orhan Karamustafaoglu. The Effects of the Flipped Classroom 

Model on the Laboratory Self-Efficacy and Attitude of Higher Education Students[J]. Electronic Journal 
for Research in Science & Mathematics Education, 2021, 25(2): 47-67. 

[12] Mihaela Osaci, Corina Daniela Cuntan. Graphical Programming Environment for Performing Physical 

Experiments[J]. International Journal of Modern Education and Computer Science, 2020, 1:11-17. 
[13] Hua Wang, Zhijun Zheng, Reflection on Project Driven LTO Teaching Method[J]. International Journal 

of Education and Management Engineering, 2012, 2(3): 1-6. 
[14] Riska Ekawita, Nori Wirahmi, Elfi Yuliza, Project Based Learning of Free-Falling Objects in Physics: 

Microcontroller-Based Multi-Sensor Test in Granular Flow Rate Measurement[J]. International Journal 

of Engineering and Manufacturing, 2024, 14(5): 1-13. 
[15] Sara Fatima and Salha Abdullah. Improving Teaching Methodology in System Analysis and Design using 

Problem Based Learning for ABET[J]. International Journal of Modern Education and Computer Science, 

2013, 5(7): 60-68.  
[16] Basirat A. Adenowo and Stephen O. Adenle, Adetokunbo A. A. Adenowo. Towards Qualitative 

Computer Science Education: Engendering Effective Teaching Methods[J]. International Journal of 

Modern Education and Computer Science, 2013, 9(3): 16-26. 
[17] X. D. Wang, Yingjie Wu. Exploration and Practice for Evaluation of Teaching Methods[J]. International 

Journal of Education and Management Engineering, 2012, 3(29): 39-45. 

P. Liao and L. Wei / An Analysis of Two Methods for Reflection Imaging and Decisive Inequalities 83


	1. Introduction
	2. Two Reflection Imaging Methods of Thin lenses
	3. Decisive Inequalities for the Formation of the Reflection Images of Thin Lens Corresponding to the Two Reflection Imaging Methods
	4. Application
	4.1. The General Cases of Reflection Imaging Using Thin Lenses
	4.2. Analysis of the Interference Images

	5. Conclusion
	Acknowledgment
	References

