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Energy 
 

    

      Energy 

 . We speak of atomic energy, heat energy, potential energy, solar 
energy, chemical energy, kinetic energy;  

 Energy is required to do work. Energy is measured in the same 
units as work joule 

 Forms of Energy 

 Kinetic Energy 

 The kinetic energy (KE) of a body with mass m with a velocity V 
is 

 K.E =  1/2m𝑉2 
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Energy 
 

    

 Potential Energy 

Potential energy of a body is the ability of the body to do 
work because of its position. 

 A body of weight  W raised to a height H has a potential 
energy (P.E) 

  P.E  = W H 

Heat 

Heat is the energy transferred from the hot subject to the 
cold subject causing to rise the temperature of cold subject. 

it can be converted to work and other forms of energy.  
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Heat 
    

     Heat is measured in calorie (cal) units. 

  One calorie (cal) is the amount of heat required to raise the 
temperature of 1 g of water by 1 ℃.  

The heat energy required to raise the temperature of a unit mass 
of a substance by 1 degree is called the specific heat.  

One calorie is equal to 4.184 J. 

A heat unit frequently used in chemistry and in food technology 
is the kilocalorie which is equal to 1000 cal    
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power 
 Power 

 The amount of work done—or energy expended—per 
unit time is called power. The algebraic expression for 
power is 

 P= E/t 

 (where E is the energy expended in a time interval t. 
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Energy Requirements of People 
 

    

  Energy Requirements of People 

The body require energy (from carbohydrate, fat and 
portions) in order to perform its normal function The 
body require energy even at complete  at rest such as 
circulate blood,, repair cells, maintain normal body 
temperature ,breathing and the manufacture of    
various enzymes  . 

 Example a man weighing 70 kg lying quietly awake 

consumes about 70 Cal/h  

.      
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  The amount of energy consumed by a person depends on 
the person’s weight and build.   

   the amount of energy consumed by a person during a 
given activity divided by the surface area of the person’s 
body is approximately the same for most people.  

Therefore, the energy consumed for various activities this  
rate is known as the metabolic rate  is usually quoted in 
Cal/ 𝑚2-hr.   

The rate at which the body consumed  energy when it is 
completely at rest is called the basal metabolic rates (BMR) 
for some human activities are shown in Table.1 
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TABLE.1  

 TABLE.1  Metabolic Rates for 
Selected Activities 

Activity Metabolic rate 
Activity (Cal/m2-
hr) 

Sleeping 35 

Lying awake 40 

Standing 60 

Moderate physical 
work 

150 

Running 600 

Shivering 250 
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To obtain the total energy consumption per 
hour, we multiply the metabolic rate by the 
surface area of the person. 

 The following empirical formula yields a good 
estimate for the surface area. 
 

Area (𝑚2)  = 0.202× 𝑤0.425 × 𝐻0.725         (1.1) 
Here W is the weight of the person in 

kilograms, and H is the height of the person in 
meters.   
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The surface area of a 70-kg man of height 
1.55 m is about 1.70 𝑚2.  

His metabolic rate at rest is therefore 

  (40 Cal/𝑚2-hr)×1.70 𝑚2= 68 Cal/hr, 

Or about 70 Cal/hr as stated in our earlier 
example. This metabolic rate at rest is called 
the basal metabolic rate. 
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    Energy from Food 

     The chemical energy used obtained from the oxidation of food molecules. 
The glucose sugar molecule, for example, is oxidized as follows: 

 

 C6H12O6 +6O2 →6CO2 +6H2O+energy                  (2) 

 

 For every gram of glucose ingested by the body, 3.81 Cal of energy is released 

 for metabolic use. 

 The caloric value per unit weight is different for various foods. Measurements 

 show that, on the average, carbohydrates and proteins provide about 4 Cal/g; 
(fats) produce 9 Cal/g  

 The oxidation of food, which releases energy, does not occur spontaneously 

 at normal environmental temperatures.  
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 For oxidation to proceed at body temperature, a 
catalyst must promote the reaction. In living systems, 
complex molecules, called enzymes, provide this 
function. 

 In the process of obtaining energy from food, oxygen is 
always consumed. 

 It has been found that, independent of the type of 
food being utilized, 4.83 Cal of energy are produced 
for every liter of oxygen consumed.  
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     The daily food requirements of a person depend on 
his or her activities. 

A sample schedule and the associated metabolic 
energy expenditure per square meter are shown in 
Table 2. 

 Assuming, as before, that the surface area of the 
person whose activities are shown in Table 2 is 1.7𝑚2, 
his/her total energy expenditure is 3940 Cal/day. If the 
person spent half the day sleeping and half the day 
resting in bed, the daily energy expenditure would be 
only 1530 Cal. 
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One Day’s Metabolic Energy 
Expenditure 
Activity Energy expenditure 

Activity (Cal/m2) 

8 hr sleeping (35 Cal/m2-hr) 280 

8 hr moderate physical labor (150 
Cal/m2-hr) 

1200 

4 hr reading, writing, TV watching (60 
Cal/m2-hr) 

240 

1 hr heavy exercise (300 Cal/m2-hr) 300 

3 hr dressing, eating (100 Cal/m2-hr) 300 

Total expenditure 2320 
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     For most people the energy expenditure is balanced 
by the food intake. 

For example, the daily energy needs of the person 
whose activities are shown in Table.2 (surface area 
1.7m2) are met by the consumption of 400 g of 

carbohydrates, 200 g of protein, and 171 g of fat. 

The composition and energy content of some common 
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 The composition and energy content of some common 
foods are shown in Table.3.  

 Note that the sum of the weights of the protein, 
carbohydrates, and fat is smaller than the total weight of 
the food.  

 The difference is due mostly to the water content of the 
food. The energy values quoted in the table reflect 

 the fact that the caloric content of different proteins, 
carbohydrates, and fats deviate somewhat from the average 
values stated in the text. 

 If an excess of certain substances, such as water and salt, is 
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Table 3 
food Total 

weigh  (g) 
Protein 
Weigh (g) 

Carbohydr
ate  
(weigh(g) 

Fat 
Weigh (g) 

T0tal 
energy 
(cal) 

Whole 
milk, 
1 quart 

976 32 48 40 660 

Egg, 1 50 6 0 12 75 

Hamburger, 
1 

85 21 0 17 245 

Carrots, 1 
cup 

150 1 10 0 45 

Potato (1 
med., 
baked) 

100 2 22 0 100 

Apple 130 0 18 0 70 

Bread, rye, 
1 slice 

23 2 12 0 55 
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    the excess energy is stored in fatty tissue that is 
manufactured by the body. Conversely, 

if the energy intake is lower than the demand, the body 
consumes its own tissue to make up the deficit. While 
the supply lasts, the body first utilizes its stored fat. For 
every 9 Cal of energy deficit, about 1 g of fat is used.  

Under severe starvation, once the fat is used up, the 
body begins to consume its own protein. Each gram of 
consumed protein yields about 4 Cal. 
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         Regulation of Body Temperature 

  People and other warm-blooded animals must maintain 
their body temperatures at a nearly constant level. For 
example, the normal internal body temperature of a 
person is about 37◦C. 

  A deviation of one or two degrees in either direction may 
signal some abnormality. If the temperature-regulating 

 mechanisms fail and the body temperature rises to 44◦ or 
45◦C, the protein structures are irreversibly damaged. 

  A fall in body temperature below about 28◦C results in 
heart stoppage. the effects of lowering  body temp. and. 
are summarized in table 2 
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    The body temperature is sensed by specialized nerve 
centers in the brain and by receptors on the surface of 
the body.    

 Control of Skin Temperature 

The surface of the skin is cooled primarily by 
convection, radiation, and evaporation. However, if the 
skin is in 

contact with a good thermal conductor such as a metal, 
a considerable amount of heat can be removed by 
conduction 
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     Temperature Measurement Devices 

  1- Glass Fever Thermometer → It used to know the 
temp of the body 

* The most common way to measure a temperature is 
with in the glass 

fever thermometer containing mercury or alcohol. 

* Input fever thermometer ,a temperature increase 
causes the alcohol or mercury to expand more than the 
glass and thus produces an increase in the level of the 
liquid  
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      2-Thermistor 

  It’s a special resistor that changes it’s resistance rapidly with temp 
( o  5%C ). 

• The principle behind this thermistor is that a temperature 
change causes the thermistor resistance to change. 

• Because it is very sensitive and very fast for measuring temp 
change ,it has been used to monitor the breathing rate of the 
patient → This is called “pneumograph” 
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    3-Thermocouple 

   measuring the temp from “-190 to 300 Co “. 

* A thermocouple consists of two junctions of two 
different metals . If the two junctions are at different 
temperature, a voltage is produce that depend on the 
temperature difference. 

Because it has a sharp end then it can measure the 
temp of “individual cell” 
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  Thermogram: 

Is done by measuring the radiation emitted from the body 
.At the body temp emitted radiation is in the far infrared 
(IR) reigon at wavelength greater than (4000-7000)Aº 

.The total radiative power per surface area (w) is given by 
Stefan – Bultzman Low : 

W= 4 e  T .(w/cm2) 

  : S-B. constant =5.7 *10-12 w/cm2 .k4. 

e : emissivity depends upon the emitter material and its te 
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