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Section B: Wave motion 

Syllabus Notes Suggested Experimental Work 

2.5 Optical instruments Formation of images by lenses. Use of 

the equation 1/u + 1/v = 1/f for a single, 

thin lens.  

Qualitative understanding of how 

optical instruments work (using simple 

ray diagrams only).  
 

E18. Measurement of focal length of 

lenses. 

Magnifying glass Magnifying powers of magnifying glass, 

microscope and refracting telescope 

considered as ratio of visual angles 

subtended by theimage and the object 

(as obtained from simple ray 

diagrams).  
 

 

Microscope Two-lens type only. Formation of image 

at least distance of vision.  
 

 

Refracting telescope Two-lens type only. Formation of image 

at infinity.  
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I. Basic knowledge of lens 

 

Beams (Light rays) 

Andy wants to point out : 

1. There are three types of beams (Light rays): 

i. Parallel Beams 

ii. Divergent beams 

iii. Convergent beams 

 

 

   

Parallel Beams Divergent Beams Convergent Beams 

 

2. Cones of Rays: No need to draw all the rays!!! 

 

 

3. Light rays of objects at a near point and distant point: 

 

Near Object 

 

 

Distant Object 
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Types of Lenses 

Andy wants to point out : 

1. Convex Lens: Thicker at the centre than at the edge 

Convergent Lens: Bend the light rays inwards 

     

 

2. Concave Lens: Thinner at the centre than at the edge 

Divergent Lens: Bend the light rays outwards  

     

 

Features of Lenses 

Andy wants to point out : 

1. There are four features of lenses: 

 

i. Two Principal foci (F): Parallel rays are refracted and meet at this point. 

                        

ii. Optical centre (C): Centre of lens which light ray will pass through without bending 

 

iii. Focal length: Distance of F from C 

 

iv. Principal axis: The line through the optical centre and 2 foci. 
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Real Images Vs Virtual Images 

Andy wants to point out : 

1. Real Images: Images can be formed on a screen. (if available) 

 

Convex Lens Only 

 

2. Virtual Images: Images cannot be formed on a screen. 

     

Convex Lens / Concave Lens 
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Ray diagrams for lenses 

Andy wants to point out : 

1. Construction rules for Convex Lens:  

   

 

2. Construction rules for Concave Lens: 

   

 

3. Construction Line: Parallel Light ray ⇒  Image formed on Focal Plane!!! 

     

 

4. Linear Magnification of objects, 
u

v

DistanceObject 

Distance Image

SizeObject 

Size Image
===m  
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Images formed by lenses: Ray diagrams 

Andy wants to point out : 

1. Images formed by Convex lens: 

a. 

 

Object: u = infinity 

Image: Fv = , Real, Inverted, Diminished 

Usage: Measurement of focal length 

b. 

 

Object: Fu 2>  

Image: FvF 2<< , Real, inverted, Diminished 

Usage: Projection of Large object on a small screen 

  

c. 

 

Object: Fu 2=  

Image: Fv 2= , Real, Inverted, Same Size 

Usage: Erecting lens in refracting telescope 

d. 

 

Object: FuF 2<<  

Image: Fv 2> , Real, Inverted, Magnified 

Usage: Projection of small object on a large screen 

  

e. 

 

Object: Fu =  

Image: ∞=v  (Image at infinity!) 

Usage: eyepiece of a refracting telescope 

f. 

 

Object: Fu <  

Image: uv > , Virtual, Erect, Magnified 

Usage: Magnifying glass 

 

2. Image formed by Concave lens: 

a. 

 
Object: ∞=u  (Object at infinity!) 

Image: Fv = , Virtual, Erect, Diminished 

Usage: lens in short-sighted glass 

b. 

 
Object: ∞<u  

Image: FvF 2<< , Virtual, erect, Diminished 

Usage: i. Peephole in front door, 

      ii. Lens in short-sighted glass  
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Images formed by lenses: Lens Formula:  

 

1. lens formula: 
1 1 1

u v f
+ =  

u : object distance      v : image distance    f : focal length 

 

2. When applying the formula, we should use the real-is-positive convention. 

 

i. u and v are positive for real object and image. 

 

ii. u and v are negative for virtual object and image. 

 

iii. f is positive for concave mirror and convex lens. 

 

iv. f is negative for convex mirror and concave lens. 
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II. Basic knowledge of eye focusing 

 

Basic principle of our eye focusing 

黎黎黎黎 Sir提提你提提你提提你提提你 : 

1. Near point: The position of the nearest object that can be focused both clearly and 

without strain by the unaided eye.  

 

2. Far point: the position of the farthest object that can be focused by the unaided eye (i.e. 

eye without the help of optical instruments). 

 

3. For an normal eye: 

i. Near point: about 25cm form the eye. i.e. Least distance of distinct vision. (D) 

ii. Far point: At infinity. 

 

4. When the eye sees the object, the image formed on the retina must be real. 

 

5. The thicker the lens, the shorter the focal length. 
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Visual angle 

黎黎黎黎 Sir提提你提提你提提你提提你 : 

1. Since the image distance is fixed (the distance of the eye ball is fixed!), the size of the 

image is determined by the angle θ  subtended by the object at the eye, which is 

so-called visual angle of the object. 

 

2. Visual angle, θ , of an object: the angle subtended by the object at the eye. 

 

3. ↑  Visual angleθ  ⇒  ↑  size of the object! 

 

4. The observation of AB, CD and EF of the eye are as follows: 

 

i. The size of AB and CD are not the same, but their images on the retina are the same 

since they have same size of visual angle. 

 

ii. The size of EF is the smallest among them. However, its image on the retina is the 

largest since its visual angle is the largest. 

 

5. For small visual angle, 

retina  the tolens eye  thefrom Distance

retina on theheight  Image

object  toeye from Distance

HeightObject 
=  

 

6. The closer the object to the eye, the larger the apparent size! So the greatest angle 

subtended by an object at an unaided eye is the angle subtended at the Near Point. 

 



黎黎黎黎 sir教室教室教室教室  AL-PHY-WAV-05N 

Section B – Wave motion 2.5 

 ©2009 A Lai learning Center.  ALL RIGHTS RESERVED. 

 www.andylai.hk  Prepared by Andy Lai 

P. 9

III. Angular Magnification with optical instrument 

 

Angular Magnification 

黎黎黎黎 Sir提提你提提你提提你提提你 : 

1. Angular magnification (magnifying power), M =
β
α

 

ββββ :  Angle subtended at the eye by the image formed when using the instrument. 

αααα :  Angle subtended at the unaided eye at some stated distance. 

M:  Ratio of the apparent sizes of image and object (or visual angles) 

m:  Ratio of the actual sizes of image and object. 

 

2. For an unaided eye, θQ is small, αα ≈tan  

ision)distinct v of distanceleast  : (D   tan
D

h
==∴ αα  

 

3. For an eye with optical instrument, e.g. magnifying glass, 
D

h1=β  

 

4. ∴Angular magnification, 
h

D

h
DM

h
h

1

1

===
α
β

. 

5. Normal adjustment: An optical instrument is in normal adjustment when the final 

image is formed in a specified position. 

 

i. For a magnifying glass or a compound microscope with normal adjustment: The image 

at the near point, so that maximum angular magnification is obtained. 

 

ii. For a telescope with normal adjustment: The image is at infinity, so that the eye is 

most relaxed. 
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IV. Optical instrument: Magnifying glass 

 

Magnifying glass (Simple Microscope) 

黎黎黎黎 Sir提提你提提你提提你提提你 : 

1. A converging lens forming a virtual, upright and magnified image of an object placed 

inside its principal focus. 

 

2. For an unaided eye, θQ is small, αα ≈tan  

ision)distinct v of distanceleast  : (D   tan
D

h
==∴ αα   

 

 

3. For an eye with magnifying glass with Normal adjustment,  

i.e. final image at near point, 
D

h1=β  

 

∴ Angular magnification, 
u

v

h

D

h
DM

h
h

==== 1

1

α
β

. 

∴ By lens formula, 
fvu

111
=+  ⇒  1−=

f

v

u

v
 ⇒  1−=

f

v
M  or 1+=

f

v
M  

 

e.g. f = 5 cm, v = - D = - 25 cm, If v = D, 61
5

25
−=−

−
=M , i.e. Magnifying power = 6. 
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4. For an eye with magnifying glass and image at infinity,
f

hh =
∞

= 1β  (Similar triangle!) 

Then 
f

D

D

h

f

h

M ===
α
β

. e.g. f = 5 cm, v = - ∞∞∞∞, then u = f, so Magnifying power = 5. 

 

 

5. Range of angular magnification of a magnifying glass: 

 

i. For an eye with magnifying glass with Normal adjustment (Final image at near point) 

1+=
f

D
M  ⇒  Largest Angular Magnification but eye feel very tired! 

 

ii. For an eye with magnifying glass and image at infinity, 

 
f

D

D

h

f

h

M ===
α
β

 ⇒  Least Angular Magnification but the eye feels most relaxed! 

 

iii. Conclusion: 1+≤≤
f

D
M

f

D
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V. Optical instrument: Compound microscope 

 

Compound microscope 

黎黎黎黎 Sir提提你提提你提提你提提你 : 

1. Aim: Produce an image on the retina larger than that obtainable by placing a small 

accessible object at the near point. 

 

2. Two converging lens (short focal lengths) 

I. Objective L1 (near to the object) 

i. Forms a real, magnified and inverted image I1 just outside its principal focus Fo. 

ii. I1 is just on or inside the principal focus Fe of the second lens. 

II. Eyepiece L2 

i. I1 produces a magnified and virtual image I2. 

 

 

3. Normal adjustment: I2 is at the near point. 

D

h
=α  and 

D

h2=β , Therefore, mm
h

h
hh

h

oe
x

h
x

h

D

h
DM ===== 1

1

22

2

α
β

 

me:  linear magnification of eyepiece     mo: linear magnification of objective. 

11

22

+=−=
ff

m
Dv

e
 and 1

1

+=
f

m
v

o
,  

Therefore, )1)(1(

12

++==
ff

mm
vD

xM
oe

, i.e. M is large if f1 and f2 are small. 

4. It is more restful for the eye to view the final image I2 at infinity but the magnifying 

power is slightly less. 
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VI. Optical instrument: Refracting telescope 

 

Refraction telescope 

黎黎黎黎 Sir提提你提提你提提你提提你 : 

1. Aim: Produce an enlarged retinal image of a distant inaccessible object. 

 

2. For a distant object which cannot be brought close to the eye, the angle subtended at 

the unaided eye by the object can be taken as the angle subtended at the objective lens. 

i.e.  
f
h

o

1=α  

3. Two converging lens: 

I. Objective L1 

i. forms a real and inverted image I1 of a distant object at principal focus Fo. 

II. Eyepiece L2 

i. forms a magnified and inverted image of I1 at infinity. 

ii. Fo and Fe coincide. 

 

4. Normal adjustment: I2 is at infinity. 

f
h

o

1=α  and 
f
h

e

1=β  ⇒  
f

f

f
h

f
h

e

o

o

eM ===
1

1

α
β

. 

 

5. For high magnifying power, the objective should have large focal length and the 

eyepiece has small focal length. 

 

6. When normal adjustment, the separation of the objective and eyepiece is (fo + fe). 
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Refracting telescope with erecting lens 

黎黎黎黎 Sir提提你提提你提提你提提你 : 

1. With the diagram shown below, One major disadvantage is that the final image 

observed by the refracting telescope is inverted! 

 

 

 

2. To solve the problem of inverted image, we can use an erecting lens for an additional 

inversion of the intermediate image 1I . 

 

3. In the figure below, the erecting lens which is a convex lens with focal length f is placed 

between the intermediate image 1I  and the eyepiece. The distance between the 

erecting lens and the intermediate image 1I  is 2f.  

 

4. The produced image 2I  is the same size as 1I  but 2I  is erect. Moreover, the distance 

between 2I  and the eyepiece is ef , it makes the final image is also formed at infinity 

but the final image is Erect!. 

 

 

 

5. Other limitation of refracting telescope: Dispersion of light. 
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VII. Eye ring 

 

Eye ring 

黎黎黎黎 Sir提提你提提你提提你提提你 : 

1. The best position to place the eye. 

 

2. Gathers most light from that passing through the objective. 

 

3. Position of eye-ring = Image distance of the objective lens formed by the eyepiece. 

 

 

4. Diameter of eye-ring = 2 x Radius of eye-ring. 
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VIII. Chapter summary 

 

Summary of Optical instruments 

黎黎黎黎 Sir提提你提提你提提你提提你 : 

1. Real image: Image can be formed on a screen.  
 

2. Virtual image: Image cannot be formed on a screen. 
 

3. lens formula: 
1 1 1

u v f
+ = , (Real is positive, convex lens: f+ , concave lens: f− ) 

 

4. Near point: Least distance of distinct vision (D), for normal eye ≈  25 cm! 
 

5. Far point: Farthest distance of distinct vision, for normal eye: At infinity 
 

6. Visual angle, θ , of an object: the angle subtended by the object at the eye. 
 

7. ↑  Visual angleθ  ⇒  ↑  size of the object. 
 

8. Greatest visual angle of an unaided eye: Object at near point! 
 

9. Normal adjustment: Optical instrument with final image formed in a specified position. 
 

10. For a magnifying glass and a microscope with normal adjustment: Image at near point 
 

11. For a telescope with normal adjustment: Image is at infinity 

12. Linear magnification (Ratio of actual size of image and object): 
u

v
m =  

13. Angular magnification (magnifying power): M =
β
α

 

14. Magnifying power of  

i. Magnifying glass: 1+≤≤
f

D
M

f

D  

ii. Compound microscope with normal adjustment: 
)1)(1(

12

++=
ff

vD
M

 

iii. Refracting telescope with normal adjustment: 

f

f

e

oM =  

15. Eye ring: Position of eye to gather most light from that passing through objective lens 
 

16. Position of eye-ring = Image distance of the objective lens formed by the eyepiece. 
 

17. Limitation of refracting telescope: Inverted final image, Compensation: Erecting lens. 

 

The end. 
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� 黎黎黎黎 sir 在就讀大學時曾於全球最大美資電腦公司任實習生超過一年在就讀大學時曾於全球最大美資電腦公司任實習生超過一年在就讀大學時曾於全球最大美資電腦公司任實習生超過一年在就讀大學時曾於全球最大美資電腦公司任實習生超過一年, 大學畢業後旋即於全港最大英資電腦公司大學畢業後旋即於全港最大英資電腦公司大學畢業後旋即於全港最大英資電腦公司大學畢業後旋即於全港最大英資電腦公司,   
負責主理該公司所代理的全球最大美資電腦公司儲存系統銷售業務負責主理該公司所代理的全球最大美資電腦公司儲存系統銷售業務負責主理該公司所代理的全球最大美資電腦公司儲存系統銷售業務負責主理該公司所代理的全球最大美資電腦公司儲存系統銷售業務(當時黎當時黎當時黎當時黎 sir只得只得只得只得 24歲歲歲歲). 

� 於短短半年內將該產品線銷售業績提升超過於短短半年內將該產品線銷售業績提升超過於短短半年內將該產品線銷售業績提升超過於短短半年內將該產品線銷售業績提升超過 50%. 同時更被公司評選為同時更被公司評選為同時更被公司評選為同時更被公司評選為"傑出表現員工傑出表現員工傑出表現員工傑出表現員工 Outstanding Performer”,   

成功將書本上的知識靈活運用於工作上成功將書本上的知識靈活運用於工作上成功將書本上的知識靈活運用於工作上成功將書本上的知識靈活運用於工作上. 

� 黎黎黎黎 sir為了教學理想為了教學理想為了教學理想為了教學理想, 毅然辭去工作毅然辭去工作毅然辭去工作毅然辭去工作, 全身投全身投全身投全身投入教學事業入教學事業入教學事業入教學事業, 希望將自己的一套獨特的學習方法教授學生希望將自己的一套獨特的學習方法教授學生希望將自己的一套獨特的學習方法教授學生希望將自己的一套獨特的學習方法教授學生 
� 黎黎黎黎 sir 學生於學生於學生於學生於 2009年年年年公開考試公開考試公開考試公開考試成績成績成績成績優異優異優異優異, 包括包括包括包括: 

� 兩位學生成功拔尖兩位學生成功拔尖兩位學生成功拔尖兩位學生成功拔尖, 入讀港大科學系和中大法律系入讀港大科學系和中大法律系入讀港大科學系和中大法律系入讀港大科學系和中大法律系; 

� 國際預科文憑國際預科文憑國際預科文憑國際預科文憑 (IB Diploma) 經濟科獲取最高等級經濟科獲取最高等級經濟科獲取最高等級經濟科獲取最高等級 (7級級級級) 成績成績成績成績; 

� 多位學生於多位學生於多位學生於多位學生於英國普通教育文憑英國普通教育文憑英國普通教育文憑英國普通教育文憑(GCE)及及及及英國普通中學教育文憑英國普通中學教育文憑英國普通中學教育文憑英國普通中學教育文憑(GCSE)獲取獲取獲取獲取 A/A*成績成績成績成績; 

� 8位學生參加位學生參加位學生參加位學生參加香香香香港港港港中學會考中學會考中學會考中學會考, 6位取得位取得位取得位取得 20分以上佳績分以上佳績分以上佳績分以上佳績, 並且所有科目皆取得並且所有科目皆取得並且所有科目皆取得並且所有科目皆取得 ABC等等級等等級等等級等等級, 其中其中其中其中 1位文科生更獲取位文科生更獲取位文科生更獲取位文科生更獲取

26分佳績分佳績分佳績分佳績, 整體整體整體整體 ABC率達率達率達率達 78%, 整體合格率達整體合格率達整體合格率達整體合格率達 100%. 名符其實是小班名符其實是小班名符其實是小班名符其實是小班教學教學教學教學, 事半功倍事半功倍事半功倍事半功倍. 

課程特色課程特色課程特色課程特色 

� 小組教學小組教學小組教學小組教學(1 – 6人人人人), 導師親身教學導師親身教學導師親身教學導師親身教學; 照顧每位學生需要照顧每位學生需要照顧每位學生需要照顧每位學生需要, 事半功倍事半功倍事半功倍事半功倍. 

� 精心編制精心編制精心編制精心編制筆記筆記筆記筆記, 練習以近練習以近練習以近練習以近 20年本地和外國公開試題為藍本年本地和外國公開試題為藍本年本地和外國公開試題為藍本年本地和外國公開試題為藍本. 

� 概念理解概念理解概念理解概念理解, 取分技巧並重取分技巧並重取分技巧並重取分技巧並重; 協協協協助同學助同學助同學助同學盡快盡快盡快盡快掌握答題技巧掌握答題技巧掌握答題技巧掌握答題技巧. 

� 歡迎自由組合小組上課歡迎自由組合小組上課歡迎自由組合小組上課歡迎自由組合小組上課, 時間及課程內容編排更有彈性時間及課程內容編排更有彈性時間及課程內容編排更有彈性時間及課程內容編排更有彈性. 

� 時間及課程時間及課程時間及課程時間及課程請瀏覽以下網址請瀏覽以下網址請瀏覽以下網址請瀏覽以下網址: www.andylai.hk 

上課地址上課地址上課地址上課地址: 香港九龍旺角煙廠街香港九龍旺角煙廠街香港九龍旺角煙廠街香港九龍旺角煙廠街 9號興發商業大廈號興發商業大廈號興發商業大廈號興發商業大廈 706室室室室 

 

地鐵地鐵地鐵地鐵:  旺角旺角旺角旺角 E2出口出口出口出口, 油麻地油麻地油麻地油麻地 A2出口出口出口出口 

小巴小巴小巴小巴:  21K, 74, 74S 

 

報名熱線報名熱線報名熱線報名熱線: 6772 3001 

電郵電郵電郵電郵: enquiry@andylai.hk 

網址網址網址網址: www.andylai.hk    
 


