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Microscope  

Microscope: is an instrument used to observe objects that are too small to be seen clearly with the unaided 

eye. It magnifies the image of tiny specimens, allowing detailed examination and study. Microscopes are 

fundamental tools in biology, medicine, material science, and various other scientific fields. 

Uses of Microscopes 

 

Microscopes have a wide range of applications across various fields: 

➢ Biology and Medicine: 

1. Studying cellular structures and functions 

2. Diagnosing diseases 

3. Researching new treatments 

➢ Material Science: 

        Analyzing the microstructure of materials 

        Developing new materials with specific properties 

➢ Forensic Science: 

        Examining evidence like fibers, hair, and pollen 

➢ Geology: 

        Studying rock formations and mineral composition 

 

Main Parts of a Microscope 

 

A typical compound light microscope consists of several key components: 

 

➢ Ocular Lens: The lens closest to the eye, magnifying the image formed by the objective lens. 

 

➢ Objective Lens: The lens closest to the specimen, producing the initial magnified image. 

➢ Stage: The platform where the specimen is placed. 

 

➢ Condenser Lens: Focuses light onto the specimen. 

 

➢ Diaphragm: Controls the amount of light reaching the specimen. 

 

➢ Light Source: Provides illumination. 

 

➢ Coarse and Fine Focus Knobs: Adjust the focus of the image. 

 

Principle of Operation 
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The principle of a microscope relies on the refraction of light. Light rays passing through the specimen are 

bent by the lenses, magnifying the image. The higher the magnification, the smaller the field of view. 

 

Types of Microscopes 

 

• Compound Light Microscope: Uses visible light to illuminate the specimen. 

 
 

• Stereoscopic Microscope (Anatomy Microscope): Provides a three-dimensional view of larger 

specimens. 

 
• Electron Microscope: Uses a beam of electrons to produce high-resolution images. 

 
• Transmission Electron Microscope (TEM): Transmits electrons through a thin specimen. 
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• Scanning Electron Microscope (SEM): Scans the surface of a specimen with a focused electron 

beam. 

 

 

Types of Condensers 

 

Condensers play a crucial role in focusing light onto the specimen: 

 

▪ Abbe Condenser: A versatile condenser suitable for various applications. 

 

▪ Achromatic Condenser: Corrects chromatic aberration, improving image quality. 

 

▪ Apochromatic Condenser: Corrects both chromatic and spherical aberration, providing superior 

image clarity. 

 

Operation of a Microscope 

 

▪ Prepare the Specimen: Mount the specimen on a slide and cover it with a coverslip. 

 

▪ Adjust the Light Intensity: Use the diaphragm to control the amount of light reaching the 

specimen. 

 

▪ Focus the Image: Start with the lowest magnification objective lens and use the coarse focus 

knob. Then, switch to higher magnifications and use the fine focus knob for precise adjustment. 
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▪ Observe the Specimen: Look through the eyepiece and adjust the focus as needed. 

 

 

Cleaning and Maintenance 

 

❖ Cleaning the Lenses: Use lens cleaning solution and lens paper to gently clean the lenses. 

 

❖ Cleaning the Stage and Other Parts: Use a soft cloth and mild cleaning solution. 

 

❖ Storing the Microscope: Cover the microscope with a dust cover when not in use. 

 

❖ Regular Servicing: Have the microscope serviced by a qualified technician to ensure optimal 

performance. 

 

Balance  

1. What is a Laboratory Balance? 

o A laboratory balance is a precision instrument used to measure the mass of materials with 

high accuracy. 

o Essential in scientific research, pharmaceuticals, manufacturing, and quality control. 

 

Types of Laboratory Balances 

1. Mechanical Balances 

o Traditional beam or spring balances. 

o Require manual adjustments and are less common in modern labs. 

2. Electronic Balances 

o Most widely used in laboratories today. 

o Types: 

▪ Analytical Balances: High precision, readability up to 0.0001 g. 

▪ Precision Balances: Moderate precision, readability up to 0.01 g. 

▪ Microbalances/Ultramicrobalances: Extremely sensitive, used for measuring 

microgram quantities. 

3. Specialty Balances 

o Moisture analyzers, density measurement balances, and more. 

Components and Working Principle 

1. Key Components 

o Weighing Pan: Surface where the sample is placed. 

o Load Cell: Converts weight into an electrical signal. 

o Display Unit: Shows the measured value. 
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o Taring Function: Allows for zeroing the balance with containers or prior weights. 

2. Working Principle 

o Electronic balances use a strain gauge or electromagnetic force to determine weight. 

o The system compensates for changes to maintain precise readings. 

 

Calibration and Maintenance 

1. Calibration 

o Ensures accuracy by comparing balance readings to known standards. 

o Types: 

▪ Internal Calibration: Automatic recalibration using built-in weights. 

▪ External Calibration: Manual calibration with certified external weights. 

 

2. Maintenance Practices 

o Regular cleaning of the weighing pan and housing to avoid contamination. 

o Protecting the balance from vibrations, air currents, and temperature fluctuations. 

o Avoiding overload or improper use to prevent damage. 

 

Applications of Laboratory Balances 

1. Scientific Research 

o Measuring chemicals for experiments. 

o Quantitative analysis in physics, chemistry, and biology. 

2. Pharmaceuticals 

o Accurate formulation of drugs. 

o Compliance with Good Manufacturing Practices (GMP). 

3. Industrial Use 

o Quality control in food, cosmetics, and electronics. 

o Monitoring raw materials and finished products. 

4. Educational Use 

o Training students in accurate measurement techniques. 

 

Tips for Accurate Measurements 

1. Environmental Control 

o Place balances on stable, vibration-free surfaces. 

o Avoid drafts, temperature fluctuations, and electromagnetic interference. 

2. Proper Sample Handling 

o Use tools like tweezers or spatulas to prevent contamination. 

o Place samples at the center of the pan to avoid uneven distribution. 

3. Routine Checks 

o Verify calibration frequently. 
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o Inspect for wear or damage to ensure reliability. 

 

Photometer  

Introduction 

 

Photometry is a scientific discipline that deals with the measurement of light. It involves quantifying the 

intensity, spectral composition, and other properties of light. This knowledge is fundamental to various fields, 

including physics, chemistry, biology, and engineering. 

Light and Wavelength 

 

Light, a form of electromagnetic radiation, is characterized by its wavelength. Wavelength determines the 

color of light. Shorter wavelengths correspond to higher energy and higher frequencies, such as violet and 

blue light. Longer wavelengths correspond to lower energy and lower frequencies, such as red and infrared 

light. 

Beer-Lambert Law 

 

The Beer-Lambert Law is a fundamental principle in photometry. It states that the absorbance of a substance 

is directly proportional to its concentration and the path length of the light through the substance. 

Mathematically, it is expressed as:   

A = εbc 

Where: 
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    A= is the absorbance     ε =is the molar absorptivity 

    b= is the path length      c =is the concentration 

Types of Photometers 

There are several types of photometers, each designed for specific applications: 

➢ Flame Photometer: 

        Measures the intensity of light emitted by excited atoms in a flame. 

Used for determining the concentration of elements like sodium, potassium, and calcium. 

➢ Filter Photometer: 

        Employs color filters to isolate specific wavelengths of light. 

        Used for routine analysis in various fields.  

➢ Spectrophotometer: 

        Utilizes a monochromator to select specific wavelengths of light. 

        Offers high accuracy for quantitative analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Main Parts of a Photometer 

 

A typical photometer consists of the following components: 
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➢ Light Source: Provides a stable and intense light source, often a tungsten lamp or a deuterium 

lamp. 

➢ Monochromator: Isolates specific wavelengths of light, typically a prism or a diffraction grating. 

➢ Sample Cell: Holds the sample to be analyzed. 

➢ Detector: Converts light energy into an electrical signal, such as a photomultiplier tube or a 

photodiode. 

➢ Readout Device: Displays the measured values, often a digital display or a chart recorder. 

 

Filters, Prisms, and Diffraction Gratings 

 

✓ Filters: Absorb specific wavelengths of light, allowing only desired wavelengths to pass through. 

✓ Prisms: Refract light, separating it into its constituent wavelengths. 

✓ Diffraction Gratings: Diffract light, dispersing it into a spectrum. 

 

Principle of Operation 

 

❖ Light Source: Emits light that passes through the monochromator. 

❖ Monochromator: Selects a specific wavelength of light. 

❖ Sample Cell: The selected wavelength of light passes through the sample, and some of it is absorbed. 

❖ Detector: Measures the intensity of the transmitted light. 

❖ Readout Device: Displays the absorbance or transmittance value. 

 

Operation and Maintenance 

• Calibration: Calibrate the photometer using standard solutions to ensure accurate measurements. 

• Sample Preparation: Prepare the sample according to the specific method. 

• Measurement: Place the sample in the sample cell and measure the absorbance or transmittance. 

• Data Analysis: Use the Beer-Lambert Law to calculate the concentration of the analyte. 

 

Maintenance: 

❖ Regular Cleaning: Clean the lenses, mirrors, and other optical components. 

❖ Calibration Checks: Perform calibration checks regularly. 
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❖ Avoid Exposure to Extreme Conditions: Protect the instrument from dust, moisture, and 

temperature fluctuations. 

❖ Professional Servicing: Schedule regular professional servicing. 

 

Photometry is a powerful tool for analyzing a wide range of substances. By understanding the principles of 

light, the Beer-Lambert Law, and the operation of photometers, we can unlock the secrets of the invisible 

world. 

 

Flame Photometer 

Introduction 

• A flame photometer is an analytical instrument used to measure the concentration of certain metal 

ions, such as sodium (Na⁺), potassium (K⁺), lithium (Li⁺), and calcium (Ca²⁺). 

• It operates on the principle of atomic emission spectroscopy, where the intensity of light emitted by 

atoms in a flame is measured to determine their concentration in a sample. 

• Widely used in clinical, agricultural, and environmental fields due to its simplicity, speed, and 

accuracy. 

Uses of Flame Photometer 

1. Clinical Applications 

2. Agriculture 

3. Environmental Science 

4. Industrial 

Main Parts of a Flame Photometer 

➢ Nebulizer and Atomizer: Converts liquid samples into a fine mist for flame analysis. 

➢ Mixing Chamber: Ensures uniform mixing of the sample with fuel and oxidant. 

➢ Flame: A stable flame is produced using a fuel (e.g., propane) and oxidant (e.g., air or oxygen), 

providing the thermal energy required for excitation. 

➢ Optical System: Contains filters or monochromators to isolate specific wavelengths emitted by the 

target metal ions. 

➢ Detector: Measures the intensity of emitted light at selected wavelengths and converts it into an 

electrical signal. 
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➢ Readout Device: Displays the results, typically in concentration units. 

Types of Flame Photometers 

❖ Single-Channel Flame Photometer: Measures one element at a time. 

❖ Multi-Channel Flame Photometer: Simultaneously measures multiple elements by using multiple 

detectors and filters. 

Atomizer 

    The atomizer plays a key role in converting the liquid sample into a fine mist (aerosol), which is then 

carried into the flame. 

    Components: 

✓ Nebulizer: Produces the mist by using a high-speed gas flow. 

✓ Spray Chamber: Removes large droplets and ensures only fine mist enters the flame. 

Principle of Operation 

o Atoms of certain elements emit light at characteristic wavelengths when exposed to a flame. 

o The flame provides energy, causing electrons in the atom to excite and then return to a lower energy 

state, emitting light. 

o The emitted light is passed through a filter to isolate the desired wavelength. 

o The intensity of this light is proportional to the concentration of the element in the sample. 

Operation 

 Preparation: 

1. Calibrate the instrument with standard solutions of known concentrations. 

2. Ensure the flame is stable before introducing the sample. 

 Sample Analysis: 

1. Aspirate the liquid sample through the nebulizer. 

2. Allow the emitted light to pass through the optical system. 

3. Record the detector's readings and compare them to calibration standards. 

 Data Interpretation: 

Convert the intensity readings into concentrations using the calibration curve. 

Maintenance 

❖ Daily Maintenance: Check for blockages in the nebulizer or atomizer and clean if necessary. 

Ensure the gas supply and flame are stable. 
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❖ Periodic Maintenance: Calibrate the instrument regularly using fresh standards. 

Inspect and replace worn components such as filters and gas tubing. 

❖ Cleaning: Clean the optical system to prevent buildup of soot or residue. 

Rinse the atomizer with deionized water after each use to prevent clogging. 

 

Atomic Absorption Spectrophotometer (AAS) 

Introduction 

❖ An Atomic Absorption Spectrophotometer (AAS) is an analytical instrument used to 

determine the concentration of metal elements in a sample. 

❖ It operates based on the principle of atomic absorption, where free atoms in the ground state 

absorb light of specific wavelengths. 

❖ Commonly used in various fields such as environmental monitoring, clinical analysis, food 

safety, and metallurgy. 

 

Uses of AAS 

1. Environmental Analysis 

2. Clinical Applications 

3. Food Industry 

4. Industrial Applications 

5. Pharmaceuticals 

 

Main Parts of an AAS 

➢ Radiation Source: Usually a Hollow Cathode Lamp (HCL) or Electrodeless Discharge 

Lamp (EDL) that emits light specific to the element being analyzed. 

➢ Atomizer: Converts the sample into free atoms for analysis. 

Flame Atomizer or Graphite Furnace Atomizer are commonly used. 

➢ Monochromator: Isolates the specific wavelength of light absorbed by the target element. 

➢ Detector: Measures the intensity of light after absorption and converts it into an electrical 

signal. 

➢ Readout System: Displays the concentration of the analyte in the sample. 

➢ Fuel and Oxidant Supply (for flame systems): Provides the necessary flame conditions 

for atomization (e.g., air-acetylene or nitrous oxide-acetylene). 
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Types of AAS 

• Flame AAS: Uses a flame as the atomization source; suitable for moderate sensitivity. 

• Graphite Furnace AAS: Uses an electrically heated graphite tube for atomization; offers 

higher sensitivity. 

• Hydride Generation AAS: Specialized for elements forming volatile hydrides (e.g., 

arsenic, selenium). 

• Cold Vapor AAS: Specifically used for mercury analysis due to its high volatility. 

Atomizer 

    Converts the sample into free atoms for analysis. 

❖ Flame Atomizer: Combines the sample with fuel and oxidant to create a flame where 

atomization occurs. 

❖ Graphite Furnace Atomizer: Heats the sample in a graphite tube, providing precise 

temperature control for sensitive measurements. 

Principle of Operation 

✓ Atoms in the ground state absorb light at characteristic wavelengths. 

✓ A hollow cathode lamp emits light specific to the element being measured. 

✓ The sample is atomized, and the free atoms absorb light from the lamp. 

✓ The amount of absorbed light is directly proportional to the concentration of the element in 

the sample. 

 

Operation 

➢ Preparation: Calibrate the instrument with standard solutions. 

Prepare the sample, ensuring it is free of contaminants. 

➢ Analysis: Introduce the sample into the atomizer (via nebulization for flame systems or direct 

injection for graphite furnaces). 

Measure the intensity of light absorbed by the sample. 

➢ Data Processing: Compare the absorption readings to a calibration curve to determine the 

concentration of the analyte. 

 

Maintenance 

 Daily Maintenance: Clean the nebulizer, burner head, or graphite tube. 

Check and replace worn components like O-rings and seals. 

 Periodic Maintenance: Calibrate the instrument regularly to maintain accuracy. 

Replace aging hollow cathode lamps or graphite tubes. 

 Cleaning: Use deionized water or appropriate solvents to clean components. 

Avoid contamination of samples and standards. 
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Centrifuge 

• Definition: A centrifuge is a laboratory or industrial device that uses centrifugal force to separate 

components of a mixture based on density. 

Applications of Centrifuge  

• Biology and Biotechnology: 

o Isolation of cellular organelles (e.g., nuclei, mitochondria, ribosomes). 

o Separation of proteins, nucleic acids, and other macromolecules. 

• Medical and Clinical Applications: 

o Separation of blood components (e.g., plasma, red blood cells, white blood cells). 

o Urine analysis and preparation of clinical samples. 

• Chemical and Pharmaceutical Industry: 

o Purification of chemicals and solvents. 

o Recovery of precipitated products from reaction mixtures. 

• Environmental Science: 

o Separation of sediments from water samples for analysis. 

o Extraction of pollutants from liquid samples. 

• Food and Beverage Industry: 

o Clarification of juices, wines, and dairy products. 

o Separation of fats, oils, and other components. 

 

 

Main parts of a Centrifuge 

• Rotor: The rotating component that holds the samples. 

• Chamber: The enclosed space where the rotor spins, often with temperature control. 

• Drive Motor: Provides the rotational force to spin the rotor. 

• Control System: Allows for control of speed, time, and temperature. 

• Safety Features: Include lid locks, imbalance detectors, and automatic shut-off systems. 

Principle of operation 
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• Centrifugal Force: Centrifugal force is the apparent force that acts outward on a body moving around 

a center, arising from the body's inertia. 

• Sedimentation: Particles in a mixture settle at different rates due to differences in mass, shape, and 

density. 

• Mathematical Representation: The centrifugal force (F) is given by the equation: 

 Where: F=m⋅r⋅ω2 

• F = Centrifugal force 

• m = Mass of the particle 

• r = Distance from the center of rotation 

• ω\omegaω = Angular velocity (in radians per second) 

 

Operation of a Centrifuge 

1. Preparation: 

o Ensure samples are properly prepared and balanced in the rotor. 

o Close and lock the centrifuge lid securely. 

2. Setting Parameters: 

o Select the appropriate speed, time, and temperature settings as per the sample requirements. 

3. Starting the Centrifuge: 

o Press the start button and allow the centrifuge to reach the set speed. 

4. During Operation: 

o Monitor for unusual noises or vibrations. 

o If any issues occur, stop the centrifuge immediately. 

5. Completion: 

o Wait for the rotor to stop completely before opening the lid. 

o Remove samples carefully and clean the rotor as needed. 

Maintenance 

• Routine Maintenance: 

o Clean the rotor and chamber regularly to prevent contamination. 

o Lubricate moving parts as recommended by the manufacturer. 
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o Inspect safety features (e.g., lid locks) for proper functioning. 

 

 

Autoclave 

• Definition: An autoclave is a device that uses high-pressure steam to sterilize equipment, materials, 

and waste, ensuring the elimination of microorganisms, including bacteria, viruses, and spores. 

• Importance: Autoclaves are essential in laboratories, hospitals, and industrial settings to maintain 

sterility and prevent contamination. 

2. Principles of Autoclaving 

• Steam Sterilization: Autoclaves use steam under pressure to achieve temperatures higher than 

boiling water, typically 121°C to 134°C. 

• Moist Heat Action: The moist heat coagulates proteins in microorganisms, causing them to lose 

structure and die. 

• Pressure and Temperature Relationship: Increasing pressure raises the boiling point of water, 

enabling higher temperatures for effective sterilization. 

3. Types of Autoclaves 

• Gravity Displacement Autoclaves: Use steam to force air out of the chamber. Suitable for sterilizing 

solid items and simple loads. 

• Pre-Vacuum (Vacuum) Autoclaves: Use a vacuum pump to remove air before steam is introduced. 

Ideal for porous loads and instruments with lumens. 

• Steam-Flush Pressure Pulse Autoclaves: Utilize rapid steam pulses to remove air from the chamber. 

Suitable for high-throughput sterilization. 

• Benchtop Autoclaves: Compact autoclaves designed for small laboratories and clinics. 

Main part of an Autoclave 

• Pressure Chamber: Enclosed space where sterilization occurs. 

• Steam Generator: Produces steam for sterilization. 

• Control System: Regulates temperature, pressure, and time settings. 



16 
 

• Pressure and Temperature Gauges: Monitors internal conditions to ensure proper sterilization. 

• Safety Valves: Prevents over-pressurization and ensures safe operation. 

• Drainage System: Removes excess water and steam after the cycle is complete. 

Uses of Autoclave  

• Medical and Clinical Applications: 

o Sterilization of surgical instruments and medical devices. 

o Decontamination of biohazardous waste. 

• Laboratory Applications: 

o Sterilization of culture media, glassware, and reusable equipment. 

o Decontamination of biological waste. 

• Pharmaceutical Industry: 

o Sterilization of production equipment and containers. 

o Decontamination of by-products and waste. 

• Food and Beverage Industry: 

o Sterilization of packaging materials and production equipment. 

o Processing of canned and preserved foods. 

• Industrial Applications: Sterilization of tools, materials, and components used in manufacturing 

Operation of an Autoclave 

1. Preparation: 

o Ensure items are properly packed and arranged to allow steam penetration. 

o Load the chamber and close the door securely. 

2. Setting Parameters: Select the appropriate temperature, pressure, and cycle time for the load 

3. Starting the Cycle: Activate the autoclave and allow it to reach the set temperature and pressure 

4. During Operation: 

o Monitor for unusual noises, leaks, or error messages. 

o Ensure pressure and temperature stay within target ranges. 

5. Completion: 

o Wait for pressure to normalize before opening the door. 

o Remove sterilized items carefully and allow them to cool. 

Maintenance  
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o Clean the chamber and drainage system regularly to prevent clogs. 

o Check and lubricate seals and gaskets as required. 

o Inspect safety valves and pressure gauges for proper functioning. 

pH Meters 

1. Introduction The pH meter is an essential analytical instrument used in a variety of scientific, industrial, 

and medical applications to measure the acidity or alkalinity of a solution. The term "pH" stands for "potential 

of hydrogen," and it quantifies the concentration of hydrogen ions in a solution, ranging from 0 to 14 on the 

pH scale. This measurement is crucial in fields such as chemistry, biology, food science, environmental 

monitoring, and water treatment. 

 

2. Uses of pH Meters 

1. Laboratory Research: Used to analyze the pH of solutions in chemical, biological, and 

environmental studies. 

2. Food and Beverage Industry: Ensures the safety, taste, and quality of food products by monitoring 

acidity levels. 

3. Water Treatment: Monitors and controls the pH of water in treatment plants to meet environmental 

regulations. 

4. Pharmaceutical Industry: Assists in quality control of drugs and other pharmaceutical products. 

5. Agriculture: Measures soil pH, which affects nutrient availability and crop growth. 

6. Medical Diagnostics: Used to test bodily fluids such as blood and urine to detect health conditions. 

 

3. Types of pH Meters 

1. Benchtop pH Meters: Used in laboratories for high-precision measurements. 

2. Portable pH Meters: Compact, handheld devices for field testing. 

3. Pen-style pH Meters: Small, low-cost meters used in simple applications like aquariums or 

swimming pools. 

4. In-line pH Meters: Installed directly in industrial process pipelines to monitor pH continuously. 
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4. Main Parts of a pH Meter 

1. Electrode/Probe: The sensing device that detects the hydrogen ion activity in the solution. 

2. Reference Electrode: Provides a stable reference point for the measurement. 

3. Glass Bulb: The part of the electrode that interacts directly with the solution. 

4. Internal Solution: A solution inside the glass electrode that aids in ion exchange. 

5. Temperature Sensor: Compensates for temperature variations that affect pH readings. 

6. Display/Readout: Shows the pH value numerically. 

7. Calibration Controls: Allows the user to calibrate the device to ensure accurate readings. 

5. Principle of Operation 

 A pH meter works on the principle of electrochemical potential. The glass electrode contains a thin 

layer of hydrated glass that allows H⁺ ions to interact with the internal solution. When the electrode is 

immersed in a test solution, hydrogen ions from the solution exchange with the ions in the outer layer of 

the glass, generating an electric potential. This potential difference is measured relative to the reference 

electrode, and the resulting voltage is converted into a pH value by the meter. 

 

7. Operation of a pH Meter 

1. Calibration: Calibrate the pH meter using standard buffer solutions (pH 4, 7, and 10) to ensure 

accurate measurements. 

2. Rinse the Electrode: Rinse the electrode with deionized water before and after measurements to 

avoid cross-contamination. 

3. Immerse in Solution: Place the electrode in the test solution and wait for the reading to stabilize. 

4. Record the Reading: Note the pH value displayed on the readout. 
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8. Maintenance of pH Meters 

1. Storage: Store the electrode in a storage solution or a pH 4 buffer to keep it hydrated. 

2. Cleaning: Clean the electrode regularly with a specialized cleaning solution to prevent residue 

buildup. 

3. Regular Calibration: Calibrate the meter periodically to maintain measurement accuracy. 

4. Check for Damage: Inspect the electrode for cracks or scratches and replace it if necessary. 

5. Battery and Power: For portable meters, check battery levels and replace them as needed. 

 

 

Microtomes 

Introduction 

A microtome is a precision instrument used in laboratories to cut extremely thin slices of material, known 

as sections. These sections are essential for detailed microscopic examination and analysis. This lecture 

will cover the uses, types, main parts, sharpeners, principles of operation, operation, and maintenance of 

microtomes. 

Uses of Microtomes 

Microtomes are indispensable tools in fields such as: 

1. Histology: Preparing tissue samples for microscopic examination to study cell and tissue structure. 

2. Pathology: Assisting in the diagnosis of diseases by analyzing tissue sections. 

3. Botany: Investigating plant structures by sectioning stems, leaves, or roots. 

4. Material Science: Analyzing the composition and structure of materials like polymers and metals. 

5. Forensic Science: Examining minute details of evidence samples such as fibers. 

Types of Microtomes 

Microtomes are classified based on their design and purpose: 

1. Rotary Microtome: 

o Most commonly used. 

o Ideal for paraffin-embedded specimens. 

2. Sliding Microtome: 

o Suitable for large samples like brain tissues. 

o Provides more precise control over section thickness. 

3. Cryostat Microtome: 

o Used for frozen tissue sectioning. 
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o Ideal for rapid diagnostic procedures like intraoperative histology. 

4. Ultramicrotome: 

o Designed for ultra-thin sections of samples for electron microscopy. 

5. Vibrating Microtome: 

o Cuts delicate and fresh samples without embedding. 

Main Parts of a Microtome 

Key components include: 

1. Blade/Knife: Responsible for cutting the sample. May be disposable or reusable. 

2. Specimen Holder/Clamp: Secures the sample in place during cutting. 

3. Knife Holder: Ensures the blade is correctly positioned. 

4. Micrometer Screw: Adjusts section thickness. 

5. Handwheel: Controls the movement of the blade or sample. 

6. Base Plate: Provides stability to the microtome. 

Sharpeners for Microtomes 

Maintaining a sharp blade is critical for high-quality sections. Sharpening tools include: 

1. Manual Honing Stone: Used for polishing reusable blades. 

2. Automatic Knife Sharpeners: Provide consistent and precise sharpening. 

3. Diamond Paste: Used with ultramicrotome knives for an exceptionally sharp edge. 

Principles of Operation 

1. Specimen Preparation: Samples are embedded in a supporting medium (e.g., paraffin or resin) to 

stabilize them. 

2. Alignment: The specimen is aligned in the specimen holder. 

3. Sectioning: The handwheel moves the blade or specimen, producing thin, uniform sections. 

4. Thickness Adjustment: A micrometer screw controls the thickness, typically ranging from 0.5 to 

100 micrometers. 

 

Operation of a Microtome 

1. Setup: 

o Ensure the microtome is clean and properly assembled. 

o Secure the blade and specimen in their respective holders. 

2. Sectioning: 

o Adjust the desired section thickness. 

o Operate the handwheel steadily to produce sections. 

o Collect sections using a brush or forceps. 

3. Transfer: 

o Place sections on slides for staining and microscopy. 

Maintenance of Microtomes 
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1. Cleaning: 

o Remove debris and residues after each use. 

o Use appropriate solvents for cleaning components. 

2. Blade Care: 

o Sharpen reusable blades regularly. 

o Replace disposable blades when dull. 

3. Lubrication: 

o Apply lubricant to moving parts as recommended by the manufacturer. 

4. Calibration: 

o Check and adjust the section thickness settings periodically. 

5. Storage: 

o Store the microtome in a dust-free environment. 

 

 

 

 

 

 

 

 

 

Electrophoresis: 

Electrophoresis is a fundamental technique in molecular biology, biochemistry, and clinical diagnostics. It is 

used to separate and analyze macromolecules, such as DNA, RNA, and proteins, based on their size, charge, 

and other properties.  

1. Uses of Electrophoresis 

Electrophoresis is widely used in various scientific and medical fields: 

• DNA Analysis: DNA fingerprinting, PCR product analysis, and sequencing. 

• RNA Analysis: Separation and quantification of RNA samples. 

• Protein Analysis: SDS-PAGE for protein separation, isoelectric focusing, and 2D gel 

electrophoresis. 

• Clinical Diagnostics: Detection of genetic disorders, infections, and protein abnormalities. 

• Forensics: Identification of individuals based on DNA profiles. 

• Pharmaceutical Research: Purity analysis of drugs and biomolecules. 
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2. Types of Electrophoresis 

Electrophoresis techniques can be categorized based on the medium and the molecules being separated: 

1. Gel Electrophoresis: 

o Agarose Gel Electrophoresis: Used for separating large DNA or RNA fragments. 

o Polyacrylamide Gel Electrophoresis (PAGE): Used for smaller molecules like proteins or 

small DNA fragments. 

o SDS-PAGE: A type of PAGE used to separate proteins based on molecular weight. 

o 2D Gel Electrophoresis: Combines isoelectric focusing and SDS-PAGE for high-resolution 

protein separation. 

2. Capillary Electrophoresis (CE): 

o Separates molecules in a capillary tube using an electric field. 

o High resolution and faster separation compared to gel electrophoresis. 

3. Isoelectric Focusing (IEF): 

o Separates proteins based on their isoelectric point (pI). 

4. Pulsed-Field Gel Electrophoresis (PFGE): 

o Used for separating very large DNA molecules by applying an alternating electric field. 

5. Native Gel Electrophoresis: 

o Separates proteins in their native (non-denatured) state. 

3. Main Parts of an Electrophoresis System 

An electrophoresis system consists of several key components: 

1. Power Supply: Provides the electric field required for separation. 

2. Electrophoresis Chamber: Holds the gel and buffer solution. 

3. Gel: The medium (agarose or polyacrylamide) where separation occurs. 

4. Buffer: Maintains pH and conductivity during electrophoresis. 

5. Electrodes: Anode (+) and cathode (-) that create the electric field. 

6. Sample Loading Wells: Wells in the gel where samples are loaded. 

7. Staining and Visualization System: Dyes (e.g., ethidium bromide) or imaging systems to visualize 

separated molecules. 

4. Principles of Operation 
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• Charge: Molecules migrate toward the electrode of opposite charge (e.g., DNA moves toward the 

anode due to its negative charge). 

• Size: Smaller molecules move faster through the gel matrix than larger ones. 

• Electric Field Strength: The rate of migration is proportional to the voltage applied. 

• Gel Matrix: Acts as a sieve, separating molecules based on size and shape. 

5. Operation of an Electrophoresis System 

1. Preparation: 

o Prepare the gel (agarose or polyacrylamide) and casting tray. 

o Add a suitable buffer to the electrophoresis chamber. 

o Load samples into the wells using a micropipette. 

2. Running the Gel: 

o Connect the electrodes to the power supply. 

o Apply a voltage (typically 50-150 V for agarose gels, 100-200 V for PAGE). 

o Allow the gel to run for the required time (30 minutes to several hours). 

o  

3. Visualization: 

o Stain the gel with an appropriate dye (e.g., ethidium bromide for DNA, Coomassie Blue for 

proteins). 

o Use UV light or a gel imaging system to visualize the separated bands. 

6. Maintenance of Electrophoresis Systems 

1. Cleaning: 

o Clean the electrophoresis chamber and gel trays after each use to prevent contamination. 

o Rinse electrodes with distilled water to remove buffer salts. 

2. Storage: 

o Store gels in a cool, dry place to prevent degradation. 

o Keep buffers in airtight containers to avoid evaporation. 

3. Power Supply: 

o Regularly check the power supply for proper functioning. 

o Avoid overloading the system to prevent damage. 

4. Gel Casting: 

o Ensure the casting tray is clean and free of debris. 



24 
 

o Use fresh reagents for gel preparation to avoid polymerization issues. 

5. Troubleshooting: 

o If bands appear smeared, check for overloading or improper gel concentration. 

o If no bands appear, verify the power supply and sample integrity. 

 

Heating Instruments: Water Baths, Ovens, and Incubators 

Water Baths 

Uses of Water Baths 

1. Maintaining samples at a constant temperature for an extended period. 

2. Heating reagents for chemical reactions. 

3. Thawing or warming biological samples. 

4. Incubating cell cultures or microbial samples. 

Types of Water Baths 

1. Basic Water Bath: For general heating purposes. 

2. Shaking Water Bath: Includes a mechanism to agitate the samples. 

3. Circulating Water Bath: Ensures uniform temperature through constant water movement. 

4. High-Precision Water Bath: For applications requiring highly accurate temperature control. 

Main Parts of a Water Bath 

1. Tank: Holds water and samples. 

2. Heating Element: Warms the water to the required temperature. 

3. Thermostat: Controls and regulates the temperature. 

4. Control Panel: Displays and adjusts settings. 

5. Lid: Prevents evaporation and contamination. 

 

Thermostat and Principle of Operation 
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• The thermostat monitors the water temperature and adjusts the heating element accordingly to 

maintain the set temperature. 

• Principle of Operation: Heat is transferred from the heating element to the water, which then 

transfers heat to the sample. 

Operation and Maintenance 

1. Operation: 

o Fill the tank with water to the required level. 

o Set the desired temperature on the thermostat. 

o Place samples in the water. 

o Cover with the lid and monitor temperature periodically. 

2. Maintenance: 

o Clean the tank regularly to prevent contamination. 

o Ensure proper water levels during operation. 

o Inspect and replace the heating element and thermostat if needed. 

 

Laboratory Ovens 

Uses of Laboratory Ovens 

1. Drying glassware, samples, and chemicals. 

2. Sterilizing instruments. 

3. Making thermal testing and curing materials. 

 

Types of Laboratory Ovens 

1. Hot Air Ovens: Use convection to circulate hot air. 

2. Vacuum Ovens: Remove moisture under reduced pressure. 

3. Forced-Air Ovens: Employ fans for uniform heating. 

Main Parts of a Laboratory Oven 
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1. Chamber: Encloses the samples. 

2. Heating Element: Generates heat. 

3. Thermostat: Controls and maintains the set temperature. 

4. Insulation: Reduces heat loss. 

5. Control Panel: Provides settings for temperature and time. 

Thermostat and Principle of Operation 

• The thermostat ensures the oven maintains a steady temperature. 

• Principle of Operation: Heat generated by the element is distributed throughout the chamber, either 

by natural convection or forced airflow. 

Operation and Maintenance 

1. Operation: 

o Preheat the oven to the desired temperature. 

o Place items inside, ensuring even spacing. 

o Monitor temperature and time during operation. 

2. Maintenance: 

o Clean the interior regularly to avoid residue buildup. 

o Check and calibrate the thermostat periodically. 

o Inspect door seals and insulation for wear. 

 

Incubators 

Uses of Incubators 

1. Culturing microorganisms, cells, and tissues. 

2. Maintaining optimal conditions for biological experiments. 

3. Storing temperature-sensitive samples. 

Types of Incubators 

1. Standard Incubators: For general-purpose use. 

2. CO2 Incubators: Maintain specific CO2 levels for cell culture. 
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3. Shaking Incubators: Combine incubation with sample agitation. 

4. Refrigerated Incubators: Operate at lower temperatures for cold-sensitive samples. 

Main Parts of an Incubator 

1. Chamber: Holds the samples. 

2. Heating and Cooling System: Maintains the required temperature. 

3. Thermostat: Regulates internal conditions. 

4. Humidity Control: Maintains specific humidity levels. 

5. Control Panel: Allows adjustments and monitoring. 

 

Thermostat and Principle of Operation 

• The thermostat ensures the incubator maintains precise conditions for temperature and humidity. 

• Principle of Operation: Heat is distributed throughout the chamber, and humidity levels are 

maintained using water reservoirs or steam generators. 

Operation and Maintenance 

1. Operation: 

o Set the desired temperature, humidity, and other parameters. 

o Place samples inside the chamber. 

o Monitor conditions regularly. 

2. Maintenance: 

o Clean the chamber and accessories to prevent contamination. 

o Check and replace filters and seals. 

o Calibrate the thermostat and sensors periodically. 

 

Water Purification Techniques – Distillation and Deionization 

1. Distillation 

➢ Principle  
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Distillation is a thermal separation process that utilized differences in boiling points between water and its 

impurities. By heating water to its boiling point, water vaporizes, leaving behind non-volatile impurities (e.g., 

dissolved salts, minerals, and some organic compounds). The vapor is then condensed back into a liquid, 

resulting in purified water. 

➢ Uses: 

• Laboratory Applications 

• Medical and Pharmaceutical Settings  

• Industrial Processes 

• Field Applications 

➢ Main Parts of a Distillation Unit 

1. Boiler/Heater: 

o Heats the water to initiate boiling. 

2. Evaporator: 

o The chamber where water is vaporized. 

o Often designed to minimize scale formation and allow efficient heat transfer. 

 

3. Condenser: 

o Cools the water vapor back into liquid form. 

4. Collection container: 

o Receives the condensed, purified water. 

o Designed to prevent re-contamination. 

5. Supporting Systems: 

o Control Units: Control temperature, pressure, and flow regulation. 

o Sensors and Monitors: Ensure that operational parameters remain within specified limits. 

➢ Operation 

• Step 1: Water is introduced into the boiler. 

• Step 2: The heater raises the water’s temperature until it reaches boiling. 

• Step 3: As water vaporizes, the vapor rises into the condenser. 
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• Step 4: The condenser cools the vapor, converting it back to liquid. 

• Step 5: The purified water is collected in the receiving container. 

This process not only removes non-volatile contaminants but can also reduce the microbial load if conducted 

under controlled conditions. 

 

 

 

➢ Maintenance 

• Regular Cleaning: 

o Scale and mineral deposits can form on the boiler and evaporator.  

• Component Inspection: 

o Periodically check the integrity of heating elements, seals, and the condenser coils. 

• Calibration: 

o Regularly calibrate temperature sensors and control systems to ensure accurate operation. 

 

2. Deionization 

➢ Principle  

Deionization (DI) is a chemical purification process that removes ionic impurities from water through ion 

exchange. This process utilizes resins that contain functional groups designed to exchange ions (both cations 

and anions) with those present in the water. Unlike distillation, deionization does not remove non-ionic 

contaminants like organic molecules or pathogens. 

 

➢ Uses: 

• Analytical Laboratories 

• Biotechnology and Molecular Biology 
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• Industrial Applications 

➢ Main Parts of a Deionization System 

1. Ion Exchange Resins: 

o Cation Exchange Resins: Typically possess sulfonic acid groups that remove positively 

charged ions (e.g., Na⁺, Ca²⁺). 

o Anion Exchange Resins: Usually have quaternary ammonium groups to remove negatively 

charged ions (e.g., Cl⁻, SO₄²⁻). 

2. Resin Columns: 

o Container that houses the resin. 

3. Flow Control System: 

o Regulates water flow through the resin column to optimize contact time. 

4. Monitoring Equipment: 

o Conductivity meters and sensors to monitor water quality in real time. 

5. Regeneration System: 

o Equipment for recharging or replacing consumed resins with concentrated acid/base solutions 

or salt solutions. 

➢ Operation 

• Step 1: Water enters the resin bed column. 

• Step 2: As water passes through, cation and anion exchange resins remove dissolved ions via ion 

exchange reactions. 

• Step 3: The flow water, now with significantly reduced ionic content, exits the system. 

• Step 4: Periodically, the resins become saturated with ions and require regeneration or replacement. 

➢ Maintenance 

• Resin Monitoring and Replacement: 

o Regularly check the resin’s performance by monitoring the conductivity of the output water. 

Replace or regenerate resins once performance declines. 

• Regeneration Procedures: 

o Follow manufacturer-recommended protocols for regenerating resin columns to restore 

exchange capacity. 
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• System Cleaning: 

o Flush the system periodically to remove particulate matter that may clog the resin. 

• Sensor Calibration: 

o Ensure that conductivity meters and flow sensors are calibrated and functioning properly. 

 

 

 

 

 

 

 

 

 

 


