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BRIEF REPORT 

Department of Physics Organized a Value added course on Principle and working of 
Xerox machine, water heater and micro oven to the students of III B.SC from 

1-08-2019 to 06-11-2019 

On 1-08-2019 Department of physics organized an inaugural function for Value 

added course on Principle and working of Xerox machine Water heater and 

Microoven. Sri Paladugu Srirangam ,Correspondent, Sir CR Reddy College For 

Women in his speech he encouraged students to learn new advance courses which 

are popular day by day .He expressed theoretical knowledge as well as practical 

knowledge are important and encourage the students to gain knowledge by 

referring books searching web etc. 

Smt P.Sailaja,Principal Sir CR Reddy College For Women rightly educated the 

students about the importance of learning basics of electrical devices and job 

opportunities in present world .She encouraged the students to utilize all the 

resources available in the college to gain knowledge . 

Mrs Ch.Anitha ,Mrs P.Radhika,Mrs M.Jaya Lakshmi Devi & Mrs B.Durga Prasanna 

Resource Persons of this program. Mrs Ch.Anitha gave an elaborated lecture on 

Principle and working of Xerox machine Water heater and Micro oven .In her 

speech she explained the basics and applications of Principle and working of Xerox 

machine Water heater and Micro oven . 



 

�¾ The Program is conducted before the regular class work. 
�¾ The duration of the class is one hour i.e .,8.20 am to 9.20 am in physics lab. 

For period of 40 days the course started from 01/08/2019 - 06/11/2019. 
�¾ Total 106 students are participated in this program . The 226 students are 

divided into 1,2 batches consists of 53 students3,4 batches consists of 60 
students. One lecturer is allotted to each batch. 

�¾ In middle of the program we have conducted three tests after completion of 
one unit .And evaluated. 

�¾ Each test carries 10 marks .Duration 30 mins. 
�¾ Students were supplied with the necessary study material . 

�¾ Certificates were issued to the participants. 



 
 

About Course 
 
 
 

Course Description 
 

This course is designed to provide basic knowledge on principle and working of xerox 
machine, water heater and micro wave oven .And also the applications of these electrical 
appliances, 

From these electrical appliances students learn about the working of the device , how to 
maintain ,how to rectifying the problem in the device. 

 
Prerequisites and Expected Skills 

There are no course prerequisites to join in this course. 

Any student who wants to learn principle and working of xerox machine, water heater and micro oven 
can join in this Course 

 

Course Duration 
�” This course is conducted from 1-08- 2019 to 06-11-2019(40 days) 

�” The duration of the class is for one hour (8.20am to 9.20 am). 
 

Criteria to get a Certificate 

 
�” 70% Course Attendance is Compulsory to get the Certificate 

 

 
�” Students who will get 40% marks in the examination and they will eligible to get Certificate 



 
 

 

Learning Objectives and Outcomes 
 

Learning Objectives 

�” This course is designed to provide basic knowledge of some home and to 
enrich the practical knowledge in some electrical devices. 

 
�” The students learn about some basic electrical home devices of 

electrical appliances. 

�” By this course the students learn the parts and its working. 
 

�” This course help to start and develop the business in electrical appliances. 
 
 
 
 

Learning Outcomes 
 

After Successful completion of this course 
 

�” The students learn about some basic electrical home devices. 
 

�” By this course the students learn the parts and its working of 
electrical appliances. 

 

�” They can learn technical and practical abilities 
 

�” Able to perform some basic business skills. 
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SIR C. R. REDDY COLLEGE FOR WOMEN 
(Affiliated to AdikaviNannaya University, Rajahmahendravaram) 

 

 
You are cordially invited to inaugurate 

 

Value added Course on  
 

�^�W�Œ�]�v���]�‰�o�� and Working of Xerox machine, 

Water Heater and Micro �K�À���v�_ 

 

CHIEF GUEST OF THE PROGRAMME 
 

Sri Paladugu Sri Rangam 
Correspondent, Sir C R Reddy College for Women, Eluru 

 

Smt P. Sailaja 
Principal, Sir C R Reddy College for Women, Eluru 

 

SmtS. Anuradha 
Vice Principal, Sir C R Reddy College for Women, Eluru 

 
 

Date: 01-08-2019 
 
 

Time: 9.30 am to 10.30 am 
 

 
Organized by 

Department of Physics 

 
 

Venue: Seminar Hall 



 
 

 

Course Structure 

Curriculum for Value Added Course on �³�3�U�L�Q�F�L�S�O�H and Working of Micro oven 
,Electric Water heater ,Xerox �P�D�F�K�L�Q�H�´ 

 
Eligibility: III B.Sc Students Medium: English Course Code: 19-12-01 

Duration: 40 Hours Time: 8.20am to 9.20am 
s.no Topic Theory practical 

Hours 

1 
Introduction,principle,Defrosting,Fats and sugar ,Penetration 

3Hrs 
2Hr 

2 
EnergyConsumption,Components of micro oven 

2 Hrs 
1Hr 

3 
Varients and accessories,HeatingCharacterstics, 

2 Hrs 
1 Hr 

4 
Effects on food and nutrients,Safety benefits and Features 

1 Hr 
1 Hr 

5 
Introduction,Types of Electric Water Heater ,Normal Plate Heater 

2 Hrs 
2 Hrs 

6 
Geyser heater,Operating Principle of the Electric hot water tank 

2 Hrs 
2 Hr 

7 Electric hot water tank operating principle 2 Hrs 2 Hr 

8 
Composition of the Electric hot wter tank , Electric hot water tank 
two types of resistances 2 Hrs 

1 Hr 

9 Electric Hot Water tanks Evolution 2 Hrs 1 Hrs 

10 
Introduction ,Colour Photocopiers, Digital technology,Working 

4 hrs 
1 Hr 

 

11 

Copyright issues,Counterfeiting ,Health issues Forensic 
identification 3hrs 

 

1 Hr 

Total Theory/Lecture Hours 25 
Hrs 

 

Total Practical Hours  15 Hrs 

Total Hours 40 hrs 
 



 
 
 
 
 

�³�9�D�O�X�H added �&�R�X�U�V�H�´on  
PRI NCI PLE AND WORKI NG OF 

MI CROWAVEoVEN, ELECTRI C WAT ER HEATER 
,XEROXMACHI NE 

 
Syllabus  

Code : (19- 12 -01)  
 
 

UNIT-I  
MICROWAVE OVEN (08 hrs)  

Introduction - Principle �±Defrosting �±Fats and Sugar �±Penetration �±Energy 
consumption-Components of microwave oven �±Variants and accessories �± 
Heating Characteristics �±Effects on food and nutrients �±Safety benefits and 
Features  

UNIT- II  

ELECTRIC WATER HEATER(10hrs)  

Introduction-Types of  Electric wat er  heater �±Normal Plate Heater,Immersion 
Heater ,Geyser Heater �±Operating Principle of the Electric hot Water Tank �± 
Electric hot Water tank operating principle ,Compositio n of the Electric hot water  
tank , Electric Hot Water tank 2 types of resistances ,Electric hot  water tanks 
evolution  

UNIT- III  

XEROX MECHINE (07 hrs)  

Introduction �±Color Photocopiers �±Digital Technology �±Working �±Copyright 
issues �±Counter feinting �±Health issues Forensic identification  
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UNIT 1 

MICROWAVE OVEN 
 

A microwave oven (commonly referred to as a microwave) is an electric oven that heats and cooks food by 
exposing it to electromagnetic radiation in the microwave frequency range.[1] This induces polar molecules 
in the food to rotate and produce thermal energy in a process known as dielectric heating. Microwave ovens 
heat foods quickly and efficiently because excitation is fairly uniform in the outer 25�t38 mm (1 -- 1.5 inches) 
of a homogeneous, high-water-content food item. 

 

 

 
The development of the cavity magnetron in the UK made possible the production of electromagnetic waves 
of a small enough wavelength (microwaves). American engineer Percy Spencer is generally credited with 
inventing the modern microwave oven after World War II from radar technology developed during the war. 
Named the "Radarange", it was first sold in 1946. 

 
 

Raytheon later licensed its patents for a home-use microwave oven that was introduced by Tappan in 1955, 
but it was still too large and expensive for general home use. Sharp Corporation introduced the first 
microwave oven with a turntable between 1964 and 1966. The countertop microwave oven was introduced 
in 1967 by the Amana Corporation. After microwave ovens became affordable for residential use in the late 
1970s, their use spread into commercial and residential kitchens around the world, and prices fell rapidly 
during the 1980s. In addition to cooking food, microwave ovens are used for heating in many industrial 
processes. 

 
 

Microwave ovens are a common kitchen appliance and are popular for reheating previously cooked foods 
and cooking a variety of foods. They rapidly heat foods which can easily burn or turn lumpy if cooked in 
conventional pans, such as hot butter, fats, chocolate or porridge. Microwave ovens usually do not directly 
brown or caramelize food, since they rarely attain the necessary temperature to produce Maillard reactions. 



Exceptions occur in cases where the oven is used to heat frying-oil and other oily items (such as bacon), 
which attain far higher temperatures than that of boiling water.[ 

 

Microwave ovens have a limited role in professional cooking,[2] because the boiling-range temperatures of a 
microwave oven does not produce the flavorful chemical reactions that frying, browning, or baking at a 
higher temperature produces. However, such high heat sources can be added to microwave ovens in the 
form of a convection microwave ove 

 

Principles  
Simulation of the electric field inside a microwave oven for the first 8 ns of operation 

 
A microwave oven heats food by passing microwave radiation through it. Microwaves are a form of non- 
ionizing electromagnetic radiation with a frequency in the so-called microwave region (300 MHz to 300 GHz). 
Microwave ovens use frequencies in one of the ISM (industrial, scientific, medical) bands, which are 
otherwise used for communication amongst devices that do not need a license to operate, so they do not 
interfere with other vital radio services. 

 
 

It is a common misconception that microwave ovens heat food by operating at a special resonance of water 
molecules in the food. Instead, microwave ovens heat by causing molecules to spin under the influence of a 
constantly changing electric field, usually in the microwave frequencies range, and a higher wattage power 
of the microwave oven results in faster cooking times. Typically, consumer ovens work around a nominal 
2.45 gigahertz (GHz) �t a wavelength of 12.2 centimetres (4.80 in) in the 2.4 GHz to 2.5 GHz ISM band �t while 
large industrial / commercial ovens often use 915 megahertz (MHz) �t 32.8 centimetres (12.9 in).[38] Among 
other differences, the longer wavelength of a commercial microwave oven allows the initial heating effects 
to begin deeper within the food or liquid, and therefore become evenly spread within its bulk sooner, as well 
as raising the temperature deep within the food more quickly.[39] 

 
 

A microwave oven takes advantage of the electric dipole structure of water molecules, fats, and many other 
substances in the food, using a process known as dielectric heating. These molecules have a partial positive 
charge at one end and a partial negative charge at the other. In an alternating electric field, they will 



constantly spin around, as they continually try to align themselves with the electric field. This can happen 
over a wide range of frequencies.[40][41][42] The electric field's energy is absorbed by the dipole molecules, 
as rotational energy (meaning, they spin). Then they hit other, non-dipole molecules and make them moving 
faster as well, sharing their increase in energy deeper into the substance, as molecular rotations, vibrations 
or other movement signifying an increase in the temperature of the food. So once the electrical field's 
energy is initially absorbed, heat will gradually spread through the object similarly to any other heat transfer 
by contact with a hotter body. 

Defrosting 
Microwave heating is more efficient on liquid water than on frozen water, where the movement of 
molecules is more restricted. Defrosting is done at a low power setting, allowing time for conduction to carry 
heat to still frozen parts of food. Dielectric heating of liquid water is also temperature-dependent: At 0 °C, 
dielectric loss is greatest at a field frequency of about 10 GHz, and for higher water temperatures at higher 
field frequencies. 

Fats and sugar 
Sugars and triglycerides (fats and oils) absorb microwaves due to the dipole moments of their hydroxyl 
groups or ester groups. Microwave heating is less efficient on fats and sugars than on water because they 
have a smaller molecular dipole moment. 

 
 

Although fats and sugar typically absorb energy less efficiently than water, paradoxically their temperatures 
rise faster and higher than water when cooking: Fats and oils require less energy delivered per gram of 
material to raise their temperature by 1°C than does water (they have lower specific heat capacity) and they 
begin cooling off by "boiling" only after reaching a higher temperature than water (the temperature they 
require to vaporize is higher), so inside microwave ovens they normally reach higher temperatures �t 
sometimes much higher.[44] This can induce temperatures in oil or fatty foods like bacon far above the 
boiling point of water, and high enough to induce some browning reactions, much in the manner of 
conventional broiling (UK: grilling), braising, or deep fat frying. 

 
 

The effect is most often noticed by consumers from unexpected damage to plastic containers when 
microwaving foods high in sugar, starch, or fat generates higher temperatures. Foods high in water content 
and with little oil rarely exceed the boiling temperature of water and do not damage plastic. 

Thermal runaway 



Microwave heating can cause localized thermal runaways in some materials with low thermal conductivity 
which also have dielectric constants that increase with temperature. An example is glass, which can exhibit 
thermal runaway in a microwave oven to the point of melting if preheated. Additionally, microwaves can 
melt certain types of rocks, producing small quantities of molten rock. Some ceramics can also be melted, 
and may even become clear upon cooling. Thermal runaway is more typical of electrically conductive liquids 
such as salty water. 

Penetration 
Another misconception is that microwave ovens cook food "from the inside out", meaning from the center 
of the entire mass of food outwards. This idea arises from heating behavior seen if an absorbent layer of 
water lies beneath a less absorbent drier layer at the surface of a food; in this case, the deposition of heat 
energy inside a food can exceed that on its surface. This can also occur if the inner layer has a lower heat 
capacity than the outer layer causing it to reach a higher temperature, or even if the inner layer is more 
thermally conductive than the outer layer making it feel hotter despite having a lower temperature. In most 
cases, however, with uniformly structured or reasonably homogeneous food item, microwaves are absorbed 
in the outer layers of the item at a similar level to that of the inner layers. 

 
 

Depending on water content, the depth of initial heat deposition may be several centimetres or more with 
microwave ovens, in contrast with broiling / grilling (infrared) or convection heating methods which thinly 
deposit heat at the food surface. Penetration depth of microwaves depends on food composition and the 
frequency, with lower microwave frequencies (longer wavelengths) penetrating deeper.[39] 

 
 

Energy consumption 
In use, microwave ovens can be as low as 50% efficient at converting electricity into microwaves,[47] but 
energy efficient models can exceed 64% efficiency.[48] Stovetop cooking is 90-40% efficient depending on 
the type of appliance used.[49] 

 
 

Because they are used fairly infrequently, the average residential microwave oven consumes only 72 kWh 
per year.[50] Globally, microwave ovens used an estimated 77 TWh per year in 2018, or 0.3% of global 
electricity generation.[51] 

 
 

A 2000 study by Lawrence Berkeley National Laboratory found that the average microwave drew almost 3 
watts of standby power when not being used,[52] which would total approximately 26 kWh per year. New 



efficiency standards imposed in 2016 by the United States Department of Energy require less than 1 watt, or 
approximately 9 kWh per year, of standby power for most types of microwave ovens.[53] 

 
 

Components 
A magnetron with section removed (magnet is not shown) 

 

Inner space of an microwave oven and control panels . 

A microwave oven generally consists of: 

 
 

a high-voltage DC power source, either: 
 

a large high voltage transformer with a voltage doubler (a high-voltage capacitor and a diode) 

an electronic power converter usually based around an inverter. 

a cavity magnetron, which converts the high-voltage DC electric energy to microwave radiation 

a magnetron control circuit (usually with a microcontroller) 

a short waveguide (to couple microwave power from the magnetron into the cooking chamber) 

a turntable and/or metal wave guide stirring fan 

A control panel 
In most ovens, the magnetron is driven by a linear transformer which can only feasibly be switched 
completely on or off. (One variant of the GE Spacemaker had two taps on the transformer primary, for high 
and low power modes.) Usually choice of power level doesn't affect intensity of the microwave radiation; 
instead, the magnetron is cycled on and off every few seconds, thus altering the large scale duty cycle. 
Newer models use inverter power supplies that use pulse-width modulation to provide effectively 



continuous heating at reduced power settings, so that foods are heated more evenly at a given power level 
and can be heated more quickly without being damaged by uneven heating.[54][34][33][35] 

 
 

The microwave frequencies used in microwave ovens are chosen based on regulatory and cost constraints. 
The first is that they should be in one of the industrial, scientific, and medical (ISM) frequency bands set 
aside for unlicensed purposes. For household purposes, 2.45 GHz has the advantage over 915 MHz in that 
915 MHz is only an ISM band in some countries (ITU Region 2) while 2.45 GHz is available worldwide.[citation 
needed] Three additional ISM bands exist in the microwave frequencies, but are not used for microwave 
cooking. Two of them are centered on 5.8 GHz and 24.125 GHz, but are not used for microwave cooking 
because of the very high cost of power generation at these frequencies.[citation needed] The third, centered 
on 433.92 MHz, is a narrow band that would require expensive equipment to generate sufficient power 
without creating interference outside the band, and is only available in some countries.[citation needed] 

 
 

The cooking chamber is similar to a Faraday cage to prevent the waves from coming out of the oven. Even 
though there is no continuous metal-to-metal contact around the rim of the door, choke connections on the 
door edges act like metal-to-metal contact, at the frequency of the microwaves, to prevent leakage. The 
oven door usually has a window for easy viewing, with a layer of conductive mesh some distance from the 
outer panel to maintain the shielding. Because the size of the perforations in the mesh is much less than the 
microwaves' wavelength (12.2 cm for the usual 2.45 GHz), microwave radiation cannot pass through the 
door, while visible light (with its much shorter wavelength) can.[55] 

 
 

Control panel 
Modern microwave ovens use either an analog dial-type timer or a digital control panel for operation. 
Control panels feature an LED, liquid crystal or vacuum fluorescent display, numeric buttons for entering the 
cook time, a power level selection feature and other possible functions such as a defrost setting and pre- 
programmed settings for different food types, such as meat, fish, poultry, vegetables, frozen vegetables, 
frozen dinners, and popcorn. In the 90s brands such as Panasonic and GE began offering models with a 
scrolling-text display showing cooking instructions. 

 
 

Power settings are commonly implemented, not by actually varying the effect, but by repeatedly turning the 
power off and on. The highest setting thus represents continuous power. Defrost might represent power for 
two seconds followed by no power for five seconds. To indicate cooking has completed, an audible warning 
such as a bell or a beeper is usually present, and/or "End" usually appears on the display of a digital 
microwave. 



 
 

Microwave control panels are often considered awkward to use and are frequently employed as examples 
for user interface design.[56] 

 
 

Variants and accessories 
A variant of the conventional microwave oven is the convection microwave oven. A convection microwave 
oven is a combination of a standard microwave oven and a convection oven. It allows food to be cooked 
quickly, yet come out browned or crisped, as from a convection oven. Convection microwave ovens are more 
expensive than conventional microwave ovens. Some convection microwave ovens�v those with exposed 
heating elements�v can produce smoke and burning odors as food spatter from earlier microwave-only use is 
burned off the heating elements. Some ovens use high speed air; these are known as impingement ovens 
and are designed to cook food quickly in restaurants, but cost more and consume more power. 

 
 

In 2000, some manufacturers began offering high power quartz halogen bulbs to their convection microwave 
oven models,[57] marketing them under names such as "Speedcook", "Advantium", "Lightwave" and 
"Optimawave" to emphasize their ability to cook food rapidly and with good browning. The bulbs heat the 
food's surface with infrared (IR) radiation, browning surfaces as in a conventional oven. The food browns 
while also being heated by the microwave radiation and heated through conduction through contact with 
heated air. The IR energy which is delivered to the outer surface of food by the lamps is sufficient to initiate 
browning caramelization in foods primarily made up of carbohydrates and Maillard reactions in foods 
primarily made up of protein. These reactions in food produce a texture and taste similar to that typically 
expected of conventional oven cooking rather than the bland boiled and steamed taste that microwave-only 
cooking tends to create. 

 
 

In order to aid browning, sometimes an accessory browning tray is used, usually composed of glass or 
porcelain. It makes food crisp by oxidizing the top layer until it turns brown.[citation needed] Ordinary plastic 
cookware is unsuitable for this purpose because it could melt. 

 
 

Frozen dinners, pies, and microwave popcorn bags often contain a susceptor made from thin aluminium film 
in the packaging or included on a small paper tray. The metal film absorbs microwave energy efficiently and 
consequently becomes extremely hot and radiates in the infrared, concentrating the heating of oil for 
popcorn or even browning surfaces of frozen foods. Heating packages or trays containing susceptors are 
designed for a single use and are then discarded as waste. 



 

 

Heating characteristics 
 

 
In addition to their use in heating food, microwave ovens are widely used for heating in industrial processes. 
A microwave tunnel oven for softening plastic rods prior to extrusion. 

 

Microwave ovens produce heat directly within the food, but despite the common misconception that 
microwaved food cooks from the inside out, 2.45 GHz microwaves can only penetrate approximately 1 
centimeter (0.39 in) into most foods. The inside portions of thicker foods are mainly heated by heat 
conducted from the outer 1 centimeter (0.39 in).[58][59] 

 
 

Uneven heating in microwaved food can be partly due to the uneven distribution of microwave energy inside 
the oven, and partly due to the different rates of energy absorption in different parts of the food. The first 
problem is reduced by a stirrer, a type of fan that reflects microwave energy to different parts of the oven as 
it rotates, or by a turntable or carousel that turns the food; turntables, however, may still leave spots, such 
as the center of the oven, which receive uneven energy distribution. The location of dead spots and hot 
spots in a microwave oven can be mapped out by placing a damp piece of thermal paper in the oven. 

 
 

When the water-saturated paper is subjected to the microwave radiation it becomes hot enough to cause 
the dye to be darkened which can provide a visual representation of the microwaves. If multiple layers of 
paper are constructed in the oven with a sufficient distance between them a three-dimensional map can be 
created. Many store receipts are printed on thermal paper which allows this to be easily done at home.[60] 



 
 

The second problem is due to food composition and geometry, and must be addressed by the cook, by 
arranging the food so that it absorbs energy evenly, and periodically testing and shielding any parts of the 
food that overheat. In some materials with low thermal conductivity, where dielectric constant increases 
with temperature, microwave heating can cause localized thermal runaway. Under certain conditions, glass 
can exhibit thermal runaway in a microwave oven to the point of melting.[61] 

 
 

Due to this phenomenon, microwave ovens set at too-high power levels may even start to cook the edges of 
frozen food while the inside of the food remains frozen. Another case of uneven heating can be observed in 
baked goods containing berries. In these items, the berries absorb more energy than the drier surrounding 
bread and cannot dissipate the heat due to the low thermal conductivity of the bread. Often this results in 
overheating the berries relative to the rest of the food. "Defrost" oven settings either use low power levels 
or turn the power off and on repeatedly - designed to allow time for heat to be conducted within frozen 
foods from areas that absorb heat more readily to those which heat more slowly. In turntable-equipped 
ovens, more even heating can take place by placing food off-center on the turntable tray instead of exactly in 
the center, as this results in more even heating of the food throughout.[62] 

 
 

There are microwave ovens on the market that allow full-power defrosting. They do this by exploiting the 
properties of the electromagnetic radiation LSM modes. LSM full-power defrosting may actually achieve 
more even results than slow defrosting.[63] 

 
 

Microwave heating can be deliberately uneven by design. Some microwavable packages (notably pies) may 
include materials that contain ceramic or aluminium flakes, which are designed to absorb microwaves and 
heat up, which aids in baking or crust preparation by depositing more energy shallowly in these areas. Such 
ceramic patches affixed to cardboard are positioned next to the food, and are typically smokey blue or gray 
in colour, usually making them easily identifiable; the cardboard sleeves included with Hot Pockets, which 
have a silver surface on the inside, are a good example of such packaging. Microwavable cardboard 
packaging may also contain overhead ceramic patches which function in the same way. The technical term 
for such a microwave-absorbing patch is a susceptor.[64] 

 
 

Effects on food and nutrients 
Any form of cooking diminishes overall nutrient content in food, particularly water-soluble vitamins common 
in vegetables, but the key variables are how much water is used in the cooking, how long the food is cooked, 
and at what temperature.[65][66] Nutrients are primarily lost by leaching into cooking water, which tends to 



make microwave cooking effective, given the shorter cooking times it requires and that the water heated is 
in the food.[65] Like other heating methods, microwaving converts vitamin B12 from an active to inactive 
form; the amount of conversion depends on the temperature reached, as well as the cooking time. Boiled 
food reaches a maximum of 100 °C (212 °F) (the boiling point of water), whereas microwaved food can get 
internally hotter than this, leading to faster breakdown of vitamin B12.[citation needed] The higher rate of 
loss is partially offset by the shorter cooking times required.[67] 

 
 

Spinach retains nearly all its folate when cooked in a microwave oven; when boiled, it loses about 77%, 
leaching nutrients into the cooking water.[65] Bacon cooked by microwave oven has significantly lower 
levels of nitrosamines than conventionally cooked bacon.[66] Steamed vegetables tend to maintain more 
nutrients when microwaved than when cooked on a stovetop.[66] Microwave blanching is 3�t4 times more 
effective than boiled-water blanching for retaining of the water-soluble vitamins, folate, thiamin and 
riboflavin, with the exception of vitamin C, of which 29% is lost (compared with a 16% loss with boiled-water 
blanching).[68] 

 
 

Safety benefits and features 
All microwave ovens use a timer to switch off the oven at the end of the cooking time. 

 
 
 

Microwave ovens heat food without getting hot themselves. Taking a pot off a stove, unless it is an induction 
cooktop, leaves a potentially dangerous heating element or trivet that remains hot for some time. Likewise, 
when taking a casserole out of a conventional oven, one's arms are exposed to the very hot walls of the 
oven. A microwave oven does not pose this problem. 

 
 

Food and cookware taken out of a microwave oven are rarely much hotter than 100 °C (212 °F). Cookware 
used in a microwave oven is often much cooler than the food because the cookware is transparent to 
microwaves; the microwaves heat the food directly and the cookware is indirectly heated by the food. Food 
and cookware from a conventional oven, on the other hand, are the same temperature as the rest of the 
oven; a typical cooking temperature is 180 °C (356 °F). That means that conventional stoves and ovens can 
cause more serious burns. 

 
 

The lower temperature of cooking (the boiling point of water) is a significant safety benefit compared with 
baking in the oven or frying, because it eliminates the formation of tars and char, which are carcinogenic.[69] 
Microwave radiation also penetrates deeper than direct heat, so that the food is heated by its own internal 



water content. In contrast, direct heat can burn the surface while the inside is still cold. Pre-heating the food 
in a microwave oven before putting it into the grill or pan reduces the time needed to heat up the food and 
reduces the formation of carcinogenic char. Unlike frying and baking, microwaving does not produce 
acrylamide in potatoes,[70] however unlike deep-frying, it is of only limited effectiveness in reducing 
glycoalkaloid (i.e., solanine) levels.[71] Acrylamide has been found in other microwaved products like 
popcorn. 

Use in cleaning kitchen sponges 
Studies have investigated the use of the microwave oven to clean non-metallic domestic sponges which have 
been thoroughly wetted. A 2006 study found that microwaving wet sponges for two minutes (at 1000 watt 
power) removed 99% of coliforms, E. coli and MS2 phages. Bacillus cereus spores were killed at four minutes 
of microwaving.[72] 

 
 

A 2017 study was less affirmative: about 60% of the germs were killed but the remaining ones quickly re- 
colonized the sponge.[73] 

High temperatures  

Closed containers 

 
Closed containers, such as eggs, can explode when heated in a microwave oven due to the increased 
pressure from steam. Intact fresh egg yolks outside the shell also explode as a result of superheating. 
Insulating plastic foams of all types generally contain closed air pockets, and are generally not recommended 



for use in a microwave oven, as the air pockets explode and the foam (which can be toxic if consumed) may 
melt. Not all plastics are microwave-safe, and some plastics absorb microwaves to the point that they may 
become dangerously hot. 

Fires 
Charred popcorn burnt by leaving the microwave oven on too long 

 
Products that are heated for too long can catch fire. Though this is inherent to any form of cooking, the rapid 
cooking and unattended nature of the use of microwave ovens results in additional hazard 

 

Superheating 
In rare cases, water and other homogeneous liquids can superheat[74][75] when heated in a microwave 
oven in a container with a smooth surface. That is, the liquid reaches a temperature slightly above its normal 
boiling point without bubbles of vapour forming inside the liquid. The boiling process can start explosively 
when the liquid is disturbed, such as when the user takes hold of the container to remove it from the oven or 
while adding solid ingredients such as powdered creamer or sugar. This can result in spontaneous boiling 
(nucleation) which may be violent enough to eject the boiling liquid from the container and cause severe 
scalding.[76] 

Metal objects 
Contrary to popular assumptions, metal objects can be safely used in a microwave oven, but with some 
restrictions.[77][78] Any metal or conductive object placed into the microwave oven acts as an antenna to 
some degree, resulting in an electric current. This causes the object to act as a heating element. This effect 
varies with the object's shape and composition, and is sometimes utilized for cooking. 

 
 

Any object containing pointed metal can create an electric arc (sparks) when microwaved. This includes 
cutlery, crumpled aluminium foil (though some foil used in microwave ovens is safe, see below), twist-ties 
containing metal wire, the metal wire carry-handles in oyster pails, or almost any metal formed into a poorly 
conductive foil or thin wire, or into a pointed shape.[79] Forks are a good example: the tines of the fork 
respond to the electric field by producing high concentrations of electric charge at the tips. This has the 
effect of exceeding the dielectric breakdown of air, about 3 megavolts per meter (3×106 V/m). The air forms 
a conductive plasma, which is visible as a spark. The plasma and the tines may then form a conductive loop, 
which may be a more effective antenna, resulting in a longer lived spark. When dielectric breakdown occurs 
in air, some ozone and nitrogen oxides are formed, both of which are unhealthy in large quantities. 

A microwave oven with a metal shelf 



Microwaving an individual smooth metal object without pointed ends, for example, a spoon or shallow metal 
pan, usually does not produce sparking. Thick metal wire racks can be part of the interior design in 
microwave ovens (see illustration). In a similar way, the interior wall plates with perforating holes which 
allow light and air into the oven, and allow interior-viewing through the oven door, are all made of 
conductive metal formed in a safe shape. 

 A microwave oven with a metal shelf 
 
 
 
 
 
 
 
 

 
A microwaved DVD-R disc showing the effects 

of electrical discharge through its metal film 
 

The effect of microwaving thin metal films can be seen clearly on a Compact Disc or DVD (particularly the 
factory pressed type). The microwaves induce electric currents in the metal film, which heats up, melting the 
plastic in the disc and leaving a visible pattern of concentric and radial scars. Similarly, porcelain with thin 
metal films can also be destroyed or damaged by microwaving. Aluminium foil is thick enough to be used in 
microwave ovens as a shield against heating parts of food items, if the foil is not badly warped. When 
wrinkled, aluminium foil is generally unsafe in microwaves, as manipulation of the foil causes sharp bends 
and gaps that invite sparking. The USDA recommends that aluminium foil used as a partial food shield in 
microwave oven cooking cover no more than one quarter of a food object, and be carefully smoothed to 
eliminate sparking hazards.[80] 

 
 

Another hazard is the resonance of the magnetron tube itself. If the microwave oven is run without an object 
to absorb the radiation, a standing wave forms. The energy is reflected back and forth between the tube and 
the cooking chamber. This may cause the tube to overload and burn out. High reflected power may also 
cause magnetron arcing, possibly resulting in primary power fuse failure, though such a causal relationship 
isn't easily established. Thus, dehydrated food, or food wrapped in metal which does not arc, is problematic 
for overload reasons, without necessarily being a fire hazard. 



 
 

Certain foods such as grapes, if properly arranged, can produce an electric arc.[81] Prolonged arcing from 
food carries similar risks to arcing from other sources as noted above. 

 
 

Some other objects that may conduct sparks are plastic/holographic print thermoses (such as Starbucks 
novelty cups) or cups with metal lining. If any bit of the metal is exposed, all the outer shell can burst off the 
object or melt.[citation needed] 

 
 

The high electrical fields generated inside a microwave oven often can be illustrated by placing a radiometer 
or neon glow-bulb inside the cooking chamber, creating glowing plasma inside the low-pressure bulb of the 
device. 

 
 

Direct microwave exposure 
Further information: Microwave burn and Microwave § Effects on health 

 
Direct microwave exposure is not generally possible, as microwaves emitted by the source in a microwave 
oven are confined in the oven by the material out of which the oven is constructed. Furthermore, ovens are 
equipped with redundant safety interlocks, which remove power from the magnetron if the door is opened. 
This safety mechanism is required by United States federal regulations.[82] Tests have shown confinement of 
the microwaves in commercially available ovens to be so nearly universal as to make routine testing 
unnecessary.[83] According to the United States Food and Drug Administration's Center for Devices and 
Radiological Health, a U.S. Federal Standard limits the amount of microwaves that can leak from an oven 
throughout its lifetime to 5 milliwatts of microwave radiation per square centimeter at approximately 5 cm 
(2 in) from the surface of the oven.[84] This is far below the exposure level currently considered to be 
harmful to human health.[85] 

 
 

The radiation produced by a microwave oven is non-ionizing. It therefore does not have the cancer risks 
associated with ionizing radiation such as X-rays and high-energy particles. Long-term rodent studies to 
assess cancer risk have so far failed to identify any carcinogenicity from 2.45 GHz microwave radiation even 
with chronic exposure levels (i.e. large fraction of life span) far larger than humans are likely to encounter 
from any leaking ovens.[86][87] However, with the oven door open, the radiation may cause damage by 
heating. Microwave ovens are sold with a protective interlock so that it cannot be run when the door is open 
or improperly latched. 



 
 

Microwaves generated in microwave ovens cease to exist once the electrical power is turned off. They do 
not remain in the food when the power is turned off, any more than light from an electric lamp remains in 
the walls and furnishings of a room when the lamp is turned off. They do not make the food or the oven 
radioactive. In contrast with conventional cooking, the nutritional content of some foods may be altered 
differently, but generally in a positive way by preserving more micronutrients - see above. There is no 
indication of detrimental health issues associated with microwaved food.[88] 

 
 

There are, however, a few cases where people have been exposed to direct microwave radiation, either from 
appliance malfunction or deliberate action.[89][90] This exposure generally results in physical burns to the 
body, as human tissue, particularly the outer fat and muscle layers, has a similar composition to some foods 
that are typically cooked in microwave ovens and so experiences similar dielectric heating effects when 
exposed to microwave electromagnetic radiation. 

 
 

Chemical exposure 
 
 
 

Microwave-safe symbol 
 

The use of unmarked plastics for microwave cooking raises the issue of plasticizers leaching into the 
food,[91] or the plastics chemically reacting to microwave energy, with by-products leaching into the 
food,[92] suggesting that even plastic containers marked "microwavable" may still leach plastic by-products 
into the food.[citation needed] 

 
 

The plasticizers which received the most attention are bisphenol A (BPA) and phthalates,[91][93] although it 
is unclear whether other plastic components present a toxicity risk. Other issues include melting and 
flammability. An alleged issue of release of dioxins into food has been dismissed[91] as an intentional red 
herring distraction from actual safety issues. 

 
 

Some current plastic containers and food wraps are specifically designed to resist radiation from 
microwaves. Products may use the term "microwave safe", may carry a microwave symbol (three lines of 



waves, one above the other) or simply provide instructions for proper microwave oven use. Any of these is 
an indication that a product is suitable for microwaving when used in accordance with the directions 
provided.[94] 

 
 

Uneven heating 
Microwave ovens are frequently used for reheating leftover food, and bacterial contamination may not be 
repressed if the microwave oven is used improperly. If safe temperature is not reached, this can result in 
foodborne illness, as with other reheating methods. While microwave ovens can destroy bacteria as well as 
conventional ovens can, they cook rapidly and may not cook as evenly, similar to frying or grilling, leading to 
a risk of some food regions failing to reach recommended temperatures. Therefore, a standing period after 
cooking to allow temperatures in the food to equalize is recommended, as well as the use of a food 
thermometer to verify internal temperatures. 
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range. We have everything you need to complete a mini makeover or full kitchen renovation, under the one 
roof and from the one online store �t even the lastest range of tending tiles! 

 

SHOP FOR PRODUCTS 
 
 
 

I ���}�µ�o���v�[�š live without my microwave oven. While a microwave is by no means an essential home appliance, 
it sure does make life a lot easier �t am I right? Of course, I am. And, �/�[�u not the only one who thinks so. 
Canstar Blue research conducted in 2013 shows that 96% of Australian households own at least one 
microwave! 

 
 

�D�]���Œ�}�Á���À���•�����Œ�����u�}�•�š���‰���}�‰�o���•���Z�P�}-�š�}�[���(�}�Œ���Z�����š�]�v�P���µ�‰���o���(�š�}�À���Œ�•�X���,�}�Á���À���Œ�U���]�(���Ç�}�µ�[�Œ�����}�v�o�Ç���µ�•�]�v�P���Ç�}�µ�Œ���u�]���Œ�}�Á���À�� 
�š�}���Z�����š���µ�‰���o���(�š�}�À���Œ�•�U���š�Z���v���Ç�}�µ�[�Œ�����v�}�š���µ�•�]�v�P���]�š���š�}���]�š�•���(�µ�o�o���•�š���‰�}�š���v�š�]���o�X�����v���U���]�(���Ç�}�µ�����}�v�[�š���}�Á�v�������u�]���Œ�}�Á���À�����}�À���v�U 
then �Ç�}�µ�[�Œ�� missing out on a very handy and useful home appliance. 

 
 

Today, I will list the top 8 uses of a microwave oven. Hopefully, after reading through this post, �Ç�}�µ�[�o�o 
consider upgrading or getting a new microwave oven. 

 
 
 

1. Reheating food 
The number one use of a microwave oven by far is to reheat food. A microwave oven is very efficient at 
reheating food, retains essential nutrients and ���}���•�v�[�š make food soggy. In fact, microwaves work great in 
reheating just about any kind of food. 

 
 

2. Cooking 
While most people usually consider their cooktops and stoves for cooking, you can actually cook a lot of 
foods in yo�µ�Œ���u�]���Œ�}�Á���À�����}�À���v�•�X���D�µ�o�š�]�(�µ�v���š�]�}�v���o���u�]���Œ�}�Á���À�����}�À���v�•���]�v���W���Œ�š�Z�U���•�µ���Z�����•���š�Z�}�•�����Á�����}�(�(���Œ�����š���Z�}�•�•�[�• 
Discount Home Centre, can be used for baking, grilling, roasting, blanching, boiling and steaming food items. 
The versatility of a microwave oven allows you to do all this without needing separate kitchen appliances. 

 
 

3. Disinfect kitchen items 



You probably ���}�v�[�š know it, but microwave ovens can help to disinfect kitchen items such as plastic cutting 
boards and sponges. Just soak your sponges and cutting boards in some lemon juice and heat them in a 
microwave for a minute. This will both disinfect as well as deodorize your kitchen items. 

 
 

4. Making citrus fruits juicier 
Another great thing you can do with a microwave oven is to make citrus fruits juicier. So, the next time you 
�š���l���������o���u�}�v���}�Œ���}�Œ���v�P�����}�µ�š���}�(���Ç�}�µ�Œ���Œ���(�Œ�]�P���Œ���š�}�Œ�U�����}�v�[�š���i�µ�]�������]�š���]�u�u�����]���š���o�Ç�X���D�]���Œ�}�Á���À�����š�Z�����(�Œ�µ�]�š���(�}�Œ���i�µ�•�š���î�ì 
seconds, and �Ç�}�µ�[�o�o be able to squeeze out a lot more juice! 

 
 

5. Heating beauty products 
Certain beauty products feel much better on the skin simply if they are heated up before application. While 
warming up beauty products can be inconvenient otherwise, a microwave oven makes things much simpler 
and less messy. You can use a microwave to heat up facial masks, hot oil conditioning packs and reheat gel 
packs easily and safely. 

 
 

6. Roasting garlic 
�/�(���Ç�}�µ�[�Œ���������(�}�}���]���U���š�Z���v���v�}�����}�µ���š���Ç�}�µ���o�}�À�����Œ�}���•�š�������P���Œ�o�]�����}�v���u���v�Ç���}�(���Ç�}�µ�Œ�����]�•�Z���•�X���t�Z�]�o�����Œ�}���•�š�]�v�P���������µ�o�����}�( 
garlic takes about 45 minutes, you can do it in 8 minutes using a microwave. Just season your garlic bulb, 
cover it with plastic wrap, roast it and �Ç�}�µ�[�Œ�� done! 

 
 

7. De-crystallising honey 
Have you ever struggled with honey that has solidified? I used to until I turned to Google and found that a 
microwave is an ideal solution when it comes to de-crystallising honey. Just grab your jar of solidified honey, 
open the lid and microwave it for about a minute. �z�}�µ�[�o�o never have to throw away honey again! 

 
 

8. Proofing yeast 



Proofing yeast normally takes over an hour, but you can do it in 15 minutes using a microwave oven. 
However, to do this, ���}�v�[�š just set your microwave to 15 minutes. Instead, set your microwave to 3 minutes 
and then allow the dough to stand for 3 minutes. Then, heat it again for 3 more minutes but let it rest for 6 
minutes. This will double the bulk of your dough. 

 
 

Conclusion: 
A microwave oven is a very versatile kitchen appliance that offers a whole range of uses. Microwave ovens 
can be used to reheat and cook food, disinfect kitchen items, make citrus fruits juicier, heat beauty products, 
roast garlic and de-crystallising honey. 

 
 

And, when it comes to finding the best microwave ovens in Perth, look no further than us at �Z�}�•�•�[�• Discount 
�,�}�u���������v�š�Œ���X���t�Z���š�Z���Œ���Ç�}�µ�[�Œ�����o�}�}�l�]�v�P���š�}���µ�‰�P�Œ���������Ç�}�µ�Œ�����µ�Œ�Œ���v�š���u�]���Œ�}�Á���À�����}�À���v���š�}�������u�}�Œ�������v���Œ�P�Ç-efficient 
model, or �Ç�}�µ�[�Œ�� in the 4% who ���}�v�[�š�����o�Œ�������Ç own one, �Ç�}�µ�[�o�o find just what you need at our store. 



 
 
 

 

UNIT2 
 
 
 
 

 

The electric heaters used to heat up water are called electric water heater . It  is of 
three (3) types i.e. 

1. Normal Plate Heater, 
2. Immersion Heater , 
3. Geyser Heater. 

Normal Plate Heater 
It  is used for heating a small amount of water, such as water for shaving etc. Its 
construction is very simple. It consists of two round shaped nickel plate s 
separated by a gap of 2 mm with an insulator. 

 

Precautions about Normal Plate Heater 

https://www.electrical4u.com/electric-water-heater/#normal_plate_heater
https://www.electrical4u.com/electric-water-heater/#immersion_heater
https://www.electrical4u.com/electric-water-heater/#geyser_heater


 
 

 
1. This type of heater is very dangerous. While using this heater one should 

always keep on watching that it does not come into contact with any 
metallic substance. 

2. Do never try to immerse your finger in the water to check the warmness of 
the water. 

Immersion Water Heater 
The electric heater which is immersed in water for heating the water is called 
Immersion Heater . In market from 250 watt to 2.0 kilo watt immersion heaters 
are available. The body is made of metallic substance, and the heating element is 
made of copper which is installed inside a capillary tube. The tube is found in ������ 
or Coil shape. The capillary tube is filled with magnesium oxide whic h works as 
insulator. Both the end of the tube is sealed. The supply connection is given 
through 3 pin socket and plug. 

 

 
 

Fault and its Causes of Immersion Heater 

 

 Fault Cause  

 
1. The rod of Immersion heater does not get 
heated. 

1. The fuse, element or conductor of the immersion heater 
disconnect or dislocate 
2. There may be non supply of A.C. in the socket. 

is 
d. 

2. The rod of Immersion heater does not get 
heated but gives shock. 

1. Due to leakage in immersion ro 
2. Due to disconnection of natural or earth line. 

. 

 
3. The heating element of the immersion rod 
gets frequently burn. 

1. Excessive flow of curre 
2. The wire or mica may be broken and touched with t 
metallic body. 

. 
e 

  



Precautions about Immersion Heater 
1. Without immersing the water heater in water, supply cannot be given. 
2. One should not touch the immersion rod when supply is ON. 
3. Before removing the immersion rod from water it  should be disconnect 

from the plug socket. 
4. The water filled bucket should not be touched while the supply is ON. 
5. Except water no other liquid substance should be heated by immersion 

heater. 

Geyser Heater 
The basic principle water geyser is not very complex one. It is simple. Here 
electric heating element is used to heat up the water stored in a storage tank. The 
only difference from normal immersion type water heater, that it can 
automatically control the temperature the water by controlling the operating 
period of the heating elements associated with the geyser which cannot be 
possible in normal immersion type water heater. 
Geyser heater is used for large quantity of water. Generally, from 20 ltr to 90 ltr 
capacity geysers are found in the market. In the storage tank, one or two heaters 
are fixed. For supplying of cold or hot water, specific pipe lines are fitted with the 
storage tank. That means there are inlet cold water and outlet hot water pipe. To 
control the flow of water, a valve is installed in the pipeline. To con trol the heat 
one thermostat switch is there. The switch gets automatically OFF to avoid 
misuse of heat. The entire body of the geyser is insulted. When the geyser storage 
tank is filled up, the water starts flowing through an overflow pipe, an d then the 
inlet valve gets automatically OFF. An anode rod made of aluminum or 
magnesium is screwed in the storage tank to reduce corrosion of metal body and 
metal parts of the water storage and supply system. This is because the metal of 
anode rod is more sensitive to corrosive reactions than the metal of the body 
structure of the system. Body of the storage tank is generally made of steel. As 
aluminum or magnesium is corroded faster, it makes the water soften before i t 
can corrode the steel. 
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Price of electric hot water tanks 

The electric hot water tank, often called �³�H�O�H�F�W�U�L�F water �K�H�D�W�H�U���´ has been the standard solution for 
domestic hot water production until the mid-2010s. New thermal regulations now condemn this 
domestic hot water mode for new houses because of its electricity consumption. 

 
Therefore, it is reserved for the replacement market in the existing and renovation, for which it is still 
authorized. 

 
Electric hot water tank: operating principle 

 
An electric immersion heater heats the water in a watertight tank connected to the hot water circuit. A 
thermostat switches off the resistance at the maximum temperature and switches it on again at the low 
temperature. 

 
The opening of a tap has 2 immediate effects on the tank: 

 
�± drawing hot water from the upper part of the tank (area with the highest temperature, because 

lighter, hot water rises; 
 

�± filling in the lower part (where the heating resistance is located) until the pressures are equalized. 
 

Note: the electric hot water tank is an absolute domestic hot water accumulator, allowing the heating 
and storage of water during off-peak periods when electricity is cheaper. It then restores it throughout 
the day. 

https://www.plumbers-services.net/2020/11/27/hot-water-tank-how-does-it-work/


Composition of the electric hot water tank 
 
 
 

 

Autonomous, easy to install, requiring little maintenance, the tank is composed of: 
 

�± an enameled or stainless steel tank; 
 

�± a layer of insulation, often in polyurethane foam; 
 

�± a lacquered protective body (jacket); 
 

�± an electrical resistance; 
 

�± a thermostat to regulate the water temperature; 
 

�± a cold water inlet; 
 

�± a hot water outlet; 
 

�± a hydraulic safety group; 
 

�± possibly an anti-electrolysis anode. 
 

Good to know: electric water heaters are available for vertical or horizontal installation, hung on the 
wall, on the ceiling or a base, on the floor. 

 
Electric hot water tank: 2 types of resistances 



1. Electric hot water tank with armored resistance 
 

The armored resistance, also called �³�L�P�P�H�U�V�L�R�Q �K�H�D�W�H�U�´ or �³�W�K�H�U�P�R�S�O�D�V�W�L�F �U�H�V�L�V�W�D�Q�F�H���´ is the usual 
heating element of the entry-level electric hot water tank. 

 
Better adapted to regions where the water is not very hard, the stainless steel sheath covering it is in 
direct contact with the water, which gives it maximum heating power. 

 
Unfortunately, this quality does not last very long, as the heating surface quickly becomes covered with a 
thick layer of scale that seriously compromises temperature exchanges. Every day that passes, it takes 
longer to heat the water, and the amount of hot water available decreases. Energy costs increase in the 
same proportion. 

 
As an additional inconvenience, the heating phase can be accompanied by rattling, bubbling, and other 
noises that are quickly disturbing. 

 
Good to know: one solution is to descale the heating element regularly. This is time-consuming and 
costly maintenance, as you must empty the tank before disassembly. The same inconvenience is 
encountered when replacing the resistance. 

 
2. Electric hot water tank with soapstone resistance 

 
The steatite resistance is a refractory terracotta heating element. It is not in direct contact with the water 
but inserted in a dry and watertight cylindrical sleeve, welded to the wall of the tank. Its larger exchange 
surface allows for faster heating. 

 
The tank is equipped with an erodible anti-corrosion magnesium anode. This anode has a lifespan of 
between 3 and 5 years, depending on the aggressiveness of the water. 

 
This assembly eliminates definitively: 

 
�± the obligation to empty the tank to intervene on the resistance; 

 
�± the risks of corrosion in case of acid or aggressive water; 

 
�± the risks of corrosion in case of acidic or aggressive water; the noise of operation. 

 
It reduces the risk of deterioration due to scaling. 

 
Super protection for ACI, AEP, and HPC water heaters 

https://en.wikipedia.org/wiki/Terracotta


 

 
 

�³�$�&�,���´���³�$�(�3���´���D�Q�G���³�+�3�&�´���D�Ue trade names for high-end soapstone water heaters with advanced 
insulation and a titanium (or mixed titanium/magnesium) anode, coupled with a current generator. 

 
This device protects against corrosion and dramatically reduces scaling. It is designed to extend the life 
of the tank significantly. 

 
Note: this type of electric hot water tank also benefits from reinforced insulation. 

 
Electric hot water tank: their evolution 

 
To meet the standards in force and to come, the manufacturers have evolved in their technique of 
domestic hot water production. 

 
The tanks operate on the same principle but with dual-energy. The electric resistance has become a 
complementary energy source to renewable energy, used in the routine. 

 
The primary source of calories now comes from 

 
�± an air/water heat pump for thermodynamic water heaters; 

 
�± solar panels for electro-solar water heaters. 



UNIT 3 

XEROX MECHINE 
 

Photocopying Machine--- It's science and working principle 

A Xerox Photocopier 2010 
 

A photocopier (also known as a copier or copy machine) is a machine that makes paper copies 

of documents and other visual images quickly and cheaply. Most current photocopiers use a 

technology called xerography, a dry process that uses electrostatic charges on a light-sensitive 

photoreceptor to first attract and then transfer toner particles (a powder) onto paper in the 

form of an image. Heat, pressure or a combination of both is then used to fuse the toner onto 

the paper. (Copiers can also use other technologies such as ink jet, but xerography is standard 

for office copying.) 

 
Photocopying is widely used in the business, education, and government sectors. While there 

have been predictions that photocopiers will eventually become obsolete as information 

workers increase their use of digital document creation, storage and distribution, and rely less 

on distributing actual pieces of paper we still see an increasing demand in the market cap for 

photocopiers, modifications in design and efficiency are still on going to make it more user 

friendly and also to meet the Health Safety Standards. 

 
Although this machine is in wide spread use, not everyone understands the science behind it's, 

this article aims to resolve this challenge as it guides the reader in a systematic format to the 

workable principles and schematics of the PHOTOCOPYING machine. 

 
What is PHOTOCOPYING and who is the INVENTOR of the machine? 

 
�x Photocopying is the process of photographically reproducing a document of text, 

illustrations, or other graphic matter. The most common photocopying method used today 
is called xerography (from the Greek words for "dry" and "writing"). 

https://upload.wikimedia.org/wikipedia/commons/e/ef/Fuji_Xerox_Document_Centre_505_and_Taiwan_Xerox_Walk-In_120D_at_ROC_National_Central_Library_20101211.jpg


�x Xerography was invented by American physicist Chester F. Carlson (1906�t1968) in 1938. 
After earning his physics degree from the California Institute of Technology in 1930, Carlson 
accepted a job working for the P.R. Mallory Company, an electronics business in New York. 
Working in the patent department, Carlson was frustrated by the difficulty of obtaining 
copies of patent drawings and specifications. He decided to use his time away from work to 
find a solution to the problem. 

 
Focusing on the concept of electrostatics, Carlson spent four years before succeeding in production 

his first "dry-copy." In 1940, Carlson obtained the first of many patents for his xerographic process. 

Carlson's first automated copier 

https://www.wired.com/2008/10/oct-22-1938-xerox-this-2/


 

The Science behind it  

 
�x The process of photocopying: The mechanics of photocopying is based on the principle of 

photoconductivity (when certain substances allow an electric current to flow through them 

when light is applied). For example, when light is absorbed by some of the electrons 

(particles that have a negative charge) that make up selenium (a nonmetallic chemical 

element that is used in the photocopying process), the electrons are able to pass from one 

atom to another when voltage is applied. When the light source is taken away, the electrons 

lose their mobility or ability to move. 

�x Basic operational concept: The process was originally called electrophotography. Its based 

on two natural phenomena: that materials of opposite electrical charges attract and that some 

materials become better conductors of electricity when exposed to light. Carlson invented a 

six-step process to transfer an image from one surface to another using these phenomena. 

First, a photoconductive surface is given a positive electrical charge. The photoconductive 

surface is then exposed to the image of a document. Because the illuminated sections (the 

non-image areas) become more conductive, the charge dissipates in the exposed areas. 

Negatively charged powder spread over the surface adheres through electrostatic attraction to 

the positively charged image areas. A piece of paper is placed over the powder image and 

then given a positive charge. The negatively charged powder is attracted to the paper as it is 

separated from the photoconductor. Finally, heat fuses the powder image to the paper, 

producing a copy of the original image. 

Carlsons first image, produced on October 22, 1938, was created with negatively charged yellowish 

moss spores (lycopodium) on a sulfur-coated zinc plate that had been positively charged by rubbing 

it with a handkerchief. Todays copiers and printers have automated and refined all the steps, moving 

paper at speeds of more than 250 feet a minute, digitally creating and exposing images, and 

producing images in a rainbow of colors. 



 

Basic terminologies to be acquainted with.... 

 
Electrostatics: Relating to painting with a spray that utilizes electrically charged particles to ensure a 

complete coating. 

 
Toner: A material that carries an electrical charge opposite to that of a photoconducting surface that 

is added to that surface in a copy machine. 

photocopier toner container 
 

Xerography: is a unique process that depends on chemical, electrical, mechanical and software 

know-how. The rapid and economical digital printing process easily produces either one print or 

hundreds of identical prints in black and white or color. More importantly, the capability of page-to- 

page variable imaging with xerography enables on-demand printing of complete documents such as 

brochures and books. Such on-demand printing can save time, reduce cost, and eliminate document 

obsolescence, overruns and warehousing. 

https://upload.wikimedia.org/wikipedia/commons/3/32/Toner-container-black-0a.jpg


 

Schematic guide on how the process works today: 

 
Charge: Inside every copier and laser printer is a light-sensitive surface called a photoreceptor. It 

consists of a thin layer of photoconductive material that is applied to a flexible belt or drum. The 

photoreceptor is insulating in the dark, but becomes conducting when it is exposed to light. It is 

charged in the dark by applying a high DC voltage to adjacent wires, which produces an intense 

electric field near the wires that causes the air molecules to ionize. Ions of the same polarity as the 

voltage on the wires deposit on the photoreceptor's surface, creating an electric field across it. 

 
Expose: In a digital copier or printer, the image is exposed on the photoreceptor with a scanning 

modulated laser or a light-emitting-diode image bar. In older analog copiers, reflected light from an 

illuminated image is projected onto the photoreceptor. In either case, the areas of the photoreceptor 

exposed to light are selectively discharged, causing a reduction in the electric field. The darker areas 

retain their charge. 

 
Develop: Pigmented powder used to develop the image is called toner. Toner particles made of 

colorant and plastic resin have precisely controlled electrostatic properties and range from about five 

to 10 micrometers in diameter. They are mixed with and charged by magnetized carrier beads that 

transport them to the development zone. The particles are charged by the phenomenon of 

triboelectricity (often referred to as static electricity). The electric field associated with the charge 

pattern of the image on the photoreceptor exerts an electrostatic force on the charged toner, which 

adheres to the image. A color document is formed by a printer with four separate xerographic units 

that create and develop separate cyan, magenta, yellow and black images. The superposition of these 

powder images produces full-color documents. 

 
Transfer: The powder image is transferred from the photoreceptor onto paper by bringing the paper 

in contact with the toner and then applying a charge with polarity opposite to that of the toner. The 

charge must be strong enough to overcome the powders adhesion to the photoreceptor. A second 

precisely controlled charge releases the paper, now containing the image, from the photoreceptor. 



 

Fuse: In the fusing process, the toner comprising the image is melted and bonded to the paper. This 

is accomplished by passing the paper through a pair of rollers. A heated roll melts the toner, which is 

fused to the paper with the aid of pressure from the second roll. 

 
Clean: Toner transfer from the photoreceptor to the paper is not 100 percent efficient, and residual 

toner must be removed from the photoreceptor before the next print cycle. Most medium- and high- 

speed copiers and printers accomplish this with a rotating brush cleaner. 

 
 
 

HAZOP ANALYSIS  

 
Exposure to ultraviolet light is a concern. In the early days of photocopiers, the sensitizing light 

source was filtered green to match the optimal sensitivity of the photoconductive surface. This 

filtering conveniently removed all ultraviolet. Currently, a variety of light sources are used. As glass 

transmits ultraviolet rays between 325 and 400 nanometers, copiers with ultraviolet-producing lights 

such as fluorescent, tungsten halogen, or xenon flash, expose documents to some ultraviolet.[ 

 
Concerns about emissions from photocopy machines have been expressed by some in connection 

with the use of selenium and emissions of ozone and fumes from heated toner. 

 
Conclusion: As stated above, the photocopying machine is versatile and a proof efficient machine 

for the replication of our data, little brief and concise knowledge of it's working principles is this 

essential to it's daily users as it enables them relate with the machine even better thereby producing 

continual optimal results that will prove in the long run to be economically viable. From the above 

HAZOP analysis, safety should be considered are Protective measures placed in condition of long 

term usage of the machines. 
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Test-1 

 

Dt;22/08/2019 max marks:10 
 

Time :9.00 to9.30am 
 
 
 

1. Which of the following is a synonym for loss factor of food? 
( ) 

a) Loss tangent 
b) Dielectric loss 
c) Loss tangent & Dielectric loss 
d) None of the mentioned 

 
2. Which of the following is true about loss factor of food? 

( ) 
a) It is desirable quality of food 
b) It is the ability of food to absorb waves 
c) It is represented by �™ 
d) All of the mentioned 

 
 

3. Penetration depth of food refers to the depth inside the food inside which the heat generation 
drops to 37%. ( ) 
a) True 
b) False 



4. Any food item should be subjected to micro frequencies such that, the dielectric constant is 
     and loss factor is  ( ) 

 
 
 

5. The microwave oven was invented by an American engineer named as 
( ) 

 

A. Sir Percy Spencer 
B. Dr Raymond Lemieux 
C. Sir Peter Williamson 
D. Sir Enrico Fermi 

 
 
 

6. Statement 1: Microwave heating helps save electricity. 
Statement 2: The quality of product in microwave heating is good hence rejections are lesser. 

( ) 
 

a) True, False 
b) True, True 
c) False, False 
d) False, True 

 
 

07. Although microwave heating can be used for drying of food containing uneven water 
content, it  �L�V���L�V�Q�¶�W done for certain food products like garlic. Why? 

( ) 
 
 

a) No pasteurization 
b) Essential oils being stripped off 
c) None of the mentioned 
d) No pasteurization & Essential oils being stripped off 
8. Microwave heating is good for puffed products. Why? ( ) 

 
 

a) The rate of heat transfer is less than the rate of moisture loss 
b) The heat transfer in these food items takes place so fast that instead of shrinking of the food items 
due to loss of moisture content, they stay intact and hence puffed 
c) None of the mentioned 
d) All of the mentioned 



9. Which of the following is NOT a part of the microwave heating system? 
( ) 

a) Magnetron 
b) Anode 
c) Cathode 
d) None of the mentioned 

 
 

10. Working Principle of Microwave oven 
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1. C 
2. D 
3. A 
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Test-1 (Answers key ) 

4. minimum ,minimum 
5. A 
6. B 
7. D 
8. B 
9. D 

10. Principle of conversion of electromagnetic energy in to thermal energy 
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Dt:23/09/2019 max marks:10 
 

Time : 9.00 to 9.30am 
 

Student Name Roll No Class 
 

1.  Which devices is necessarily required for automatic temperature control in a 
furnace? ( ) 

 
A)  Thermostat 
B)  Thermo couple 
C)  Auto-transformer 
D)  Heating elements of  variable resistance material 

 
2.  For radiant heating around 2250 degree Celsius, the heating elements are m ade of  

( ) 
 

Copper alloy 
. Carbon 

A.  Tungsten alloy 
B.  Stainless steel alloy 

 
3.  Which of  the following is  an  advantages of  eddy current heating? 

( ) 
 

A)  The amount of  heat generated can be controlled accurately 
B)  Heat at  very high rate can be generated 
C)  The area of the surface over which heat is produced 
can be accurately controlled 
D)  All of  the  above 
.  
4.  The electrode of  a direct arc furnace is  made of  ( ) 

 
. Tungsten 

A.  Graphite 
B.  Silver 
C. Copper 



 

5.  Direct arc furnaces have which of  the following power factors? 
( ) 

A)  Unity 
B)  Low, lagging 
C)  Low, leading 
D)  Any of  the  above 

6.  In  direct arc furnace, which of  the following has high value? 
( ) 

 
. Current 

A.  Voltage 
B.  Power factor 
C. All of  the above 

 
7.  Induction heating takes place in  which of  the following? 

( ) 
 

. Insulating materials 
A.  Conducting materials which are magnetic 
B.  Conducting materials which are non-magnetic 
C. Conducting materials which may or  may not be magnetic 

 

8.  For heating element high resistivity material is  chosen to  
( ) 

. Reduce the length of  heating element 
A.  Increase the life of the heating element 
B.  Reduce the effect of  oxidation 
C. Produce large amount of  heat 

 
9.  In  resistance heating highest working temperature is  obtained 

from heating el ements made of     

10.  In  the indirect resistance heating method, maximum 

heat-transfer takes place by    
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Test-2 (Answers key ) 
 
 

1. B 
2. C 
3. D 
4. B 
5. B 
6. A 
7. D 
8. A 
9. Silicon carbide 

10. Radiation 
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Dt: 04/11/2019 max marks:10 

Time : 9.00 to9.30am 

1. who invented the xerox machine ? ( ) 

A) Wilhelm Conra 

B) Carl Wihelm Scheele 

C) Chester Carlson 

D) William Harvey; ans c 

2. What is  the principle of  a Xerox machine? ( )  
A) electricity and photoconductivity 
B) photo voltaic effect 
C) magnetic effect 
D) photo electricity 

 
 

3. What is  the use of  Xerox machine  ( )  
 
 
 

4 . Xerox machine works on  ( ) 
A) Magnetic image-making 

B) Electrostatic image-making 

C) Electromagnetic image-making 

D) Thermal image-making 



 
 

5. Size of  an  A4  paper is  ( )  

A).212×299mm 

B).210×297mm 

C).220×480mm 

D).230×297mm 

 
6.  When were Xerox machines used? (    ) 

A)1940 
B)1939 
C) 1959 
D)1969 

 
7. What are the parts of  Xerox machine? (    )  

A) Registration Roller 
B) Exposure Lamp 
C)Photoconductive Drum , Toner Unit 
D)All of the above 

. 

8. What is  Xerox machine called    
 
 
 

. 
9. What does Xerox stand for    

 

10. What is  Micro Xerox    
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1. C 
2. A 
3. Makes copies of documents 
4. B 
5. B 
6. C 
7. D 
8. Photo copier 
9. Dry writing 

10.A text can be reduced to a certain volume by photo copy machines 
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