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- The magnification of an image occurs when the image either appears larger than it 

actually is or closer than it actually is. This is accomplished using one or more 

lenses. 

- Magnification is when an object is made to appear larger than it actually is, or, a 

distant object is made to appear closer than it actually is. The latter is often 

accomplished using a telescope; telescopic magnification is used when studying 

stars and planets in space. 

- Magnification is achieved by using one or more lenses that are convex in nature. As 

light rays pass through the lens, the parallel light rays bend and converge on the 

object in focus creating a larger image of the object on the human retina. There are 

different types of lenses, including simple lenses and compound lenses. 

 

- Magnification is the process of enlarging the apparent size, not the physical size, of 

something. This enlargement is quantified by a size ratio called optical 

magnification. When this number is less than one, it refers to a reduction in size, 

sometimes called de-magnification. 

- Typically, magnification is related to scaling up visuals or images to be able to see 

more detail, increasing resolution, using a microscope, printing techniques, or 

digital processing. In all cases, the magnification of the image does not change the 

perspective of the image. 



  

 قسم تقنيات البصريات / المرحلة الثانية          2        كلية التقنيات الصحية والطبية   / المستقبل جامعة
 

2فصل    3( نظري) أخطاء إنكسارحسن عبد الهادي الجابري                                مدرس المادة /   

- Magnification in optics, is the size of an image relative to the size of the object 

creating it. 
 

 

 

 

The magnification in loupes 

The magnification in loupes (commonly used by dentists, surgeons, and opticians) 

depends on the type of loupe and its optical system. 

1. Types of Loupes 

• Galilean Loupes: Lightweight and simple, suitable for lower magnifications 

(e.g., 2X—3.5X) 

 

Figure: Galilean loupes 
 

 

 

 

 

 

 

 

 

 

 

• Prismatic (Keplerian) Loupes: Use prisms for higher magnifications (e.g., 4X—

6X) and a wider field of view but are heavier. 

 

Figure: Keplerian Prism Loupes 
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Magnification Formula for Loupes 

 

The magnification (M) of a loupe is calculated as: 

𝑴 = 𝟏 +  
𝒅

𝒇
 

Where: 

- 1: Baseline magnification, representing normal vision without aids. 

- d/f: Additional magnification based on: 

• d: The working distance, or the distance between the object and the eye. 

• f: The focal length of the loop, which is the distance at which the lens 

focuses light. 

 

Example Calculation 

Suppose a dentist uses a loupe with: A working distance of 400 mm (40 cm). A focal 

length of the loupe of 100 mm (10 cm). 

A dentist uses a loupe with the following parameters: Working Distance (d): 400 mm 

(40 cm). Focal Length (f): 100 mm (10 cm) 

Using the formula for magnification: 

𝑀 = 1 +  
𝑑

𝑓
 = 1+400/100 = 5 

- The magnification provided by the loupe is 5X, meaning objects viewed through 

the loupe will appear 5 times larger than their actual size. 

- This level of magnification allows the dentist to clearly see small details during 

procedures while maintaining a comfortable working distance of 40 cm. The 

focal length of the loupe (10 10 10 cm) ensures the lens focuses light properly 

to provide this enhanced view. 
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Factors Affecting Loupe Performance 

• Field of View (FOV): Higher magnification reduces the FOV. 

• Working Distance: Must be tailored to the user’s ergonomics to avoid strain. 

• Depth of Field: Higher magnifications reduce the depth of field, requiring 

precise focus. 

• Optical Quality: High-end loupes minimize distortion and provide better clarity. 

 

Applications in Low Vision and Optometry 

• Dentists and Surgeons: Use loupes for precision tasks in close range. 

• Opticians: Use loupes for detailed work like lens crafting or inspection. 

• Low Vision Aids: Some loupes are modified for visually impaired individuals for 

tasks like reading or detailed craftwork. 

 

Loupe Side Effects and Preventive Measures 

1. Musculoskeletal Issues: Poor ergonomics cause neck/back pain; ensure proper 

working distance and head alignment. 

2. Eye Strain and Fatigue: Prolonged focusing or poor optics lead to eye fatigue; 

use high-quality loupes with proper focus. 

3. Headaches: Misalignment or magnification mismatch causes strain; align 

optical axes correctly. 

4. Reduced Peripheral Awareness: High magnification narrows the field of view; 

maintain situational awareness. 

5. Dizziness and Motion Sickness: Distortion in magnified views can cause 

dizziness; use calibrated, stable loupes. 

6. Dependency on Magnification: Overuse may lead to neglecting visual training; 

balance loupe usage with unaided tasks. 
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7. Fatigue Due to Weight: Heavy loupes strain the nose and ears; opt for 

lightweight designs or head-mounted systems. 

8. Visual Misjudgment: Magnification can distort depth and size perception; 

adapt to new visual perspectives carefully. 

9. Ergonomic Design: Select loupes with adjustable angles and working distances 

to ensure comfort and natural posture. 

10. Breaks and Training: Take regular breaks, stretch, and learn proper loupe usage 

to minimize strain and discomfort. 

 

To avoid side effects when using loupes: 

1. Customized Working Distance: Match loupes to your natural working distance 

to avoid leaning forward. 

2. Neutral Head Position: Use loupes with adjustable declination angles to 

maintain proper neck alignment. 

3. Ergonomic Workstations: Set up your workspace to minimize unnecessary 

movements and strain. 

4. Correct IPD: Ensure the loupes match your interpupillary distance (IPD) for 

clear, strain-free vision. 

5. High-Quality Optics: Use premium loupes with wide fields of view and minimal 

optical distortion. 

6. Lightweight Design: Choose lightweight loupes to reduce pressure on the nose 

and head. 

7. Frequent Breaks: Rest your eyes and stretch your neck regularly to prevent 

fatigue. 

8. Proper Training: Learn correct usage techniques to maximize efficiency and 

comfort. 
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9. Balanced Headgear: Consider headband-mounted loupes to distribute weight 

evenly. 

10.  Adjustable Focus: Use loupes with the correct focal length to avoid 

unnecessary refocusing. 

Diopter in Optics 

A diopter (D) is a unit of measurement used to express the optical power of a lens or 

a curved optical surface. It is defined as the reciprocal of the focal length of the lens 

measured in meters. 

Formula: 

𝑫 =
𝟏

𝒇
 

Where: 

• D is the diopter value (in diopters, D), 

• f is the focal length (in meters). 

Interpretation: 

- Positive Diopters (+D):  

o Represent converging lenses, such as convex lenses. 

o These lenses are used to correct hyperopia (farsightedness). 

- Negative Diopters (-D):  

o Represent diverging lenses, such as concave lenses. 

o These lenses are used to correct myopia (nearsightedness). 

Example Calculations 

- A lens with a focal length of 1 meter has an optical power of: 𝑫 =
𝟏

𝒇
 = 

𝟏

𝟏
 = 1 D 

- A lens with a focal length of 0.5 meters has an optical power of: 𝑫 =
𝟏

𝒇
 = 

𝟏

𝟎.𝟓
 = 2 D 

- A lens with a focal length of -0.25 meters has an optical power of: 𝑫 =
𝟏

𝒇
 = 

𝟏

−𝟎.𝟐𝟓
 = -4 D 

 

Applications 

1. Corrective Lenses:  

• Diopters are used in eyeglass and contact lens prescriptions. 

• For example, a prescription of +2.00 D indicates a lens with a focal length of 

0.5 meters. 
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2. Magnification:  

• Diopters indicate the strength of magnifiers. Higher diopters mean greater 

magnifying power. 

3. Refractive Surgery:  

• Diopter measurements are used to calculate the correction needed for 

refractive errors like myopia, hyperopia, and astigmatism. 

 

Example: 

The dentist requires surgical loupes with a working distance of 40 cm and the 

following specifications: 

- Refractive error: 

✓ Right Eye (OD): -2.00 DS 

✓ Left Eye (OS): -1.00 DS 

- Interpupillary Distance (IPD): 64 mm 

 

ANSWER: 

Lens Power (Diopters): 

Based on the working distance (40 cm), we calculate the required diopter (D) using 

the formula: 

𝑫 =
𝟏

𝒇
=  

𝟏𝟎𝟎

𝟒𝟎
= 𝟐. 𝟓𝑫 

 

Apply the Formula to Calculate Magnification: 

Now that we have the diopter value (2.5 D), we use the formula for magnification: 

𝒎𝒂𝒈𝒏𝒊𝒇𝒊𝒄𝒂𝒕𝒊𝒐𝒏 (𝑿) =
𝑫𝒊𝒐𝒑𝒕𝒆𝒓

𝟒
+ 𝟏 =  

𝟐. 𝟓

𝟒
+ 𝟏 = 𝟏. 𝟔𝟐𝟓 𝑿 

This diopter value will be used as the base optical strength for the loupes, which will 

then be adjusted for the dentist’s refractive error. 
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Incorporating Refractive Error: 

• To correct the refractive error, the lenses in the surgical loupes will be 

customized to include the dentist's prescription. 

• For Right Eye (OD) with -2.00 D and Left Eye (OS) with -1.00 D, the lenses will 

be designed to counteract the nearsightedness, ensuring that the vision is clear 

at the working distance of 40 cm. 

 

Magnification: 

• The magnification required for the surgical loupes will depend on both the 

working distance and the precision needs of the dentist. For surgical 

procedures, magnifications between 3.0X to 4.5X are typically chosen. 

• The baseline magnification at 40 cm is calculated to be 1.625x (as explained in 

earlier responses), but surgical loupes are often adjusted to provide a higher 

magnification range for better clarity during detailed procedures. 

Interpupillary Distance (IPD) Adjustment: 

• The IPD of 64 mm will be used to ensure the lenses are properly aligned with 

the dentist's pupils. Customization based on IPD is essential for comfort and 

reducing eye strain. 

Given the surgical nature of the work, Through-The-Lens (TTL) loupes with a 

magnification of 3.0X to 4.5X are ideal to achieve precision and clarity. The optical 

lenses will be customized to include the refractive correction to ensure clear vision 

without additional glasses. A durable, lightweight frame with proper adjustment of 

declination angle will help maintain an ergonomic posture. These specifications will 

provide a seamless visual experience, improve surgical accuracy, and reduce strain 

during prolonged procedures. 
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Explanation: 

• At working distance of 40 cm, the baseline magnification is approximately 

1.625x. 

• For surgical loupes, a practical magnification range is often adjusted upwards 

to 3.0X—4.5X to meet the precision needs of surgery, as lower magnifications 

may not provide sufficient clarity for detailed work. 

 

Final Note: 

While the calculated baseline magnification (1.625X) reflects the natural optics, the 

recommended surgical loupes are engineered to offer 3.0X—4.5X magnification for 

precision, depending on the dentist's preference and ability to adapt. 

 

Comparison Between Magnification (X) and Diopter (D) 

Magnification (X) Diopter (D) 

Indicates how many times larger an 
object appears (e.g., 2x = 2 times larger) 

Measures the optical power of a lens; 
higher diopters provide greater 
magnification. 

Common values: 2.5x, 3.0x, 4.0x (fixed 
magnification) 

Common values: 1D = ~0.25x 
magnification (approximate formula: 
Magnification = Diopter /4+1). 

 

 

Magnification in Low Vision 

Magnification helps enhance residual vision through three main types: 

1. Relative Distance Magnification: Achieved by bringing objects closer to the eye. 

For example, moving an object from 40 cm to 20 cm doubles magnification (2%). 
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2. Angular Magnification: Achieved with optical devices like hand magnifiers, stand 

magnifiers, and telescopes that enlarge the retinal image. Telescopes are used for 

distance tasks, with Galilean (simple, up to 6x) and Keplerian (higher 

magnification, larger field) types. 

3. 3. Relative Size Magnification: Increasing the physical size of objects, such as large- 

print books, enlarged screens, or bold clocks. 

 

Calculation of Magnification in Low Vision 

Magnification for low vision is calculated based on the task requirement and the 

patient’s visual ability. Below are the key methods and formulas to determine the 

required magnification: 

1. Near Vision Magnification 

 

Required Magnification = Current Near Visual Acuity/ Desired Near Visual Acuity 

Where: 

• Current Near Visual Acuity: The smallest print size the patient can currently read 

comfortably. 

• Desired Near Visual Acuity: The print size the patient needs to read. 

 

Example: 

A patient currently reads 2M print comfortably at 40 cm but needs to read smaller 

1M print. To calculate the magnification required, 

Formula: 

Required Magnification = Current Near Visual Acuity / Desired Near Visual Acuity 

Solution: 

• Current Near Visual Acuity = 2 M 

• Desired Near Visual Acuity = 1 M 
 

Required Magnification = 2M / 1M = 2 

Conclusion: A 2X magnification device is required to enable the patient to read 1M 

print comfortably. This means a 2x magnification device will enable the patient to 

read the desired print size. 
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2. Relative Distance Magnification 

 

Relative distance magnification is achieved by reducing the viewing distance, making 

the object appear larger. The formula is: 

 

Magnification = Original Distance / New Distance 

 

For example, if an object is moved from 40 cm to 20 cm, the magnification is: 

                             = 40 cm / 20 cm = 2 

 

This means the object appears twice as large. It is commonly used in low vision aids 

to help patients see objects more clearly by bringing them closer. 

 

3. Angular Magnification 

 

Angular magnification is used with optical devices like telescopes. The magnification 

of a telescope is determined by: 

 

Magnification = Focal Length of Objective Lens / Focal Length of Eyepiece Lens 

 

Components of the Formula: 

• Objective Lens: The lens that gathers light and forms the image of the object 

being viewed. 

• Eyepiece Lens: The lens through which the viewer looks, which magnifies the 

image formed by the objective lens. 

 

Example: 

• Focal Length of Objective Lens = 40 cm 

• Focal Length of Eyepiece Lens = 10 cm 

 

Magnification = 40 / 10 = 4 

 

Magnification= 4 

This means the telescope will provide a 4x magnification. 
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4. Relative Size Magnification 

Relative size magnification involves increasing the physical size of the object to make 

it easier to see. The magnification is determined by the ratio of the new size to the 

original size of the object. 

The formula is: 

Magnification = New Size of Object /Original Size of Object 

- Original Size of Object: The size of the object before it was magnified. 

- New Size of Object: The size of the object after it has been enlarged. 

 

Example: 

• Original Size of Object: 10-point font (standard text size). 

• New Size of Object: 20-point font (enlarged text size). 

We substitute these values into the formula: 

Magnification = 20 / 10 

Magnification = 2 

 

5. Combined Magnification 

In some cases, magnification methods are used together to achieve the total 

magnification needed for a task. When relative size magnification and relative 

distance magnification are combined, the total magnification is the product of both 

magnifications. 

 

The formula is: 

Total Magnification = Relative Size Magnification x Relative Distance Magnification 

 

• Relative Size Magnification refers to increasing the physical size of the object (like 

enlarging text). 

• Relative Distance Magnification refers to reducing the viewing distance, making 

the object appear larger. 

Example: 

• Relative Size Magnification: The size of the text is doubled, meaning it is 2x 
magnified. 
• Relative Distance Magnification: The reading distance is halved, meaning the 
object is brought 2x closer, which also magnifies it. 
Now, using the formula: 
Total Magnification = 2 x 2 = 4 
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6. Effective Magnification for Near Devices 
When using near magnifiers (like handheld magnifiers), the effective magnification 
can be approximated by the following formula: 
Magnification = Power of Lens (in Diopters) / 4 
 

Example: 
For +20 D hand magnifier: 
 
Magnification = 1 + 20/4 = 6 
So, the magnification provided by a +20 D hand magnifier is 6x. 
Magnification Calculations and Examples 
 

Type of 
Magnification 

Formula Example 

Near Vision 
Magnification 

Current Acuity/ 
Desired Acuity 

A patient with low vision has a current acuity of 4M and 
requires 1M for reading. Magnification = 4M / 1M = 4x. A 4x 
magnifier is recommended. 
 

Relative Distance 
Magnification  

Original Distance/ 
New Distance 

A low vision patient can only read text at 10 cm instead of 
the standard 40 cm. 
Magnification = 40 cm / 10 cm = 4x. A 4x device is needed. 

Angular 
Magnification 
(Telescopes) 

Focal Length of 
Objective/ 
Eyepiece 

For a telescope with an objective focal length of 80 mm and 
an eyepiece focal length of 20 mm, magnification = 80 / 20 = 
4x. Used for distance vision improvement. 

Relative Size 
Magnification 

New Size / Original 
Size 

To read printed materials, a patient with refractive errors 
enlarges text from 12 pt to 24 pt. Magnification = 24 pt / 12 
pt = 2x. Text magnification achieved via digital aids. 

Effective 
Magnification 
(Near Lenses) 

1+ Lens Power (D) / 
4 

For a lens with power +20D, magnification = 1 + 20/4 = 6x. 
This is common in strong reading glasses or hand-held 
magnifiers. 

Electronic 
Magnification 

Screen Size 
Magnification 

A low vision patient uses an electronic magnifier to display 
an image at 20 cm on a screen compared to a 10 cm printed 
size. Magnification = 20 / 10 = 2x 

Cylindrical Lens 
Magnification 

Axis Magnification A patient with astigmatism uses a cylindrical lens correcting 
+2.00D along the horizontal axis. This lens provides 
differential magnification for the affected axis. 

Combination 
Magnification 

Combination 
Distance and Near 
Magnification 

A telescope (4x) is used with a +4D reading cap. 
Magnification = 4x(1 + 4/4) = 8x. Used for reading small text 
from a distance. 

 
  

 


