General Physics 1
Lecture (1): Measurement and Units
Asst. prof. Dr. Basim I. Wahab Al-Temimi                                                                               First Stage


[bookmark: _Hlk121678197]1-Measurement and Units
A large part of science is based upon the creation of mathematical models that describe physical phenomena. For example, the subject of Newtonian Mechanics describes how objects will behave when they are subject to forces. However, to relate the mathematical description to the real world requires that there is a mutually agreed upon measurement system.  To accomplish this task, we use a mutually agreed upon Currently, there are actually two widely used systems of units in the world, the Metric System (or System International [SI]) and the British systems.  The metric system measures the length in meters whereas the British system makes use of the foot, inch, …. The metric system is the most widely used, by international agreement the metric system was formalized in 1971 into the International System of Units (SI).  Therefore, the metric system (SI) will be used in this course. The three basic quantities Meter, Kilogram, Second, which measure length, mass, and time respectively.

	Quantity
	SI Unit

	Length
	Meter 

	Mass
	Kilogram 

	Time
	Second 

	Temperature
	Kelvin

	Electric Current
	Ampere

	Luminous Intensity
	Candela

	Amount of Substance
	mole



1-1 The Standard Prefixes used in SI Units
One nice thing about the SI system is that there is a uniform prefix system that is used across all measured quantities. For example, the prefix kilo means 1000. Thus, a kilogram is 1000 grams or a kilometer is 1000 meters. All of the prefixes are some multiple of 10
[image: ]

1-2 Vector and scalar quantities
All physical quantities (basic or derived) can be divided into two types, the first type scalar quantities and the second type vector quantity.
There are two different quantities in the description of the physical events: 
1-2-1 Scalars:
 The scalar quantity can be determined by magnitude only, such as saying that the mass of an object is 5kg, the area of a rectangular piece is 30m2, then we have determined the physical quantity. So, Quantities that can be specified completely by a number which have only magnitude are called “scalars”. For example, distance (x), mass (m), time (t), volume (V), density (d), work (W), energy (E)…etc
1-2-2 Vectors:
The vector quantity needs to specify its direction in addition to its magnitude, such as the wind speed of 10km/h and its direction to the west. Note here that we needed to specify the magnitude first and then the direction second. Quantities that behave like speed are called “Vectors”. For example, displacement (x), velocity (v), acceleration (a), force (F), moment (M), weight (G)…etc. (Vector means “carrier” in Latin. In Biology the term “vector” means an insect, animal or an agent that carries a cause of disease from one organism to another).

[image: ]Graphically, a vector is represented by an arrow defining the direction. The length of the arrow defines the vector's magnitude. This is shown in Figure 1.

If we denote one end of the arrow by the origin O and the tip of the arrow by A. Then the vector may be represented algebraically by OA
This is often simplified to just [image: ]or Ā. The line and arrow above the A are there to indicate that the symbol represents a vector. Another notation is boldface type as: A.
[bookmark: _Hlk121648633]Note, that since a direction is implied, OA ≠ AO. Even though their lengths are identical, their directions are exactly opposite, in fact OA = -AO.
The magnitude of a vector is denoted by absolute value signs around the vector symbol: magnitude of A = |A|.
[image: ]
#1 Two vectors, A and B are equal if they have the same magnitude and direction, regardless of whether they have the same initial points, as shown in Figure 2.
[image: ]
#2 A vector having the same magnitude as A but in the opposite direction to A is denoted by - A, as shown in Figure 3.



1-2-3 Properties of Vector: Vector addition
A- Graphical Method
Vectors that express similar physical quantities can be combined, such as the collection of two force vectors, but we cannot combine a force vector with a velocity vector. For example, by combining vector A with vector B, the resultant vector is C
            A + B = C          

[image: ]We can now define vector addition. The sum of two vectors, A and B, is a vector C, which is obtained by placing the initial point of B on the final point of A, and then drawing a line from the initial point of A to the final point of B, as illustrated in Figure 4. This is sometimes referred to as the "Tip-to-Tail" method. 
[image: ]
Vector subtraction is defined in the following way. The difference of two vectors, A - B, is a vector C that is, C = A - B or C = A + (-B). Thus, vector subtraction can be represented as a vector addition.

As we mentioned above, any quantity that has a magnitude but no direction associated with it is called a "scalar". Speed, mass and temperature are scalars, for example. The product of a scalar, p say, times a vector A , is another vector, B, where B has the same direction as A but the magnitude is changed, that is, |B| = m|A|
 Many of the laws of ordinary algebra hold also for vector algebra. These laws are: 
· Commutative Law for Addition: A + B = B + A
· Associative Law for Addition: A + (B + C) = (A + B) + C  
The verification of the Associative law is shown in Figure 6. 
[image: ]If we add A and B, we get a vector E. 
And 
similarly, if B and C, we get F. 
Now D = E + C = A + F  
Replacing E with (A + B) and F with (B + C), 
we get (A +B) + C = A + (B + C) and we see that the law is verified. Stop now and make sure that you follow the above proof. 

· Commutative Law for Multiplication: pA = Ap  
· Associative Law for Multiplication: (p + n) A = pA + nA, where p and n are two different scalars. 
Distributive Law: p(A + B) = pA + pB
1-3 The unit vector:
A unit vector is known as a vector of unit length and is used to express the direction of any vector physical quantity.
[bookmark: _Hlk121678821]Unit vectors (i, j, k) of the Cartesian rectangular coordinate system x, y, z can be represented as in figure 7.


figure 7. Unit vectors (i, j, k) of the Cartesian coordinate system x, y, z
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Figure 3
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Figure 6
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i= aunit vector along the x-axis
a unit vector along the y-axis
k = a unit vector along the z-axis
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Example
Two vectors are given by A=3i—2j and B=—i—4;. Calculate (a)
i+5,(b) i-3, (Mju‘z, @ )jffz, and (c) the direction of

A+F andd-

kSnluﬁnn

(a) A+B = Gi-2))+(-i-4j)=2i-6j

(b) -5 = Bi-2))-(-i-4j)=4i+2j
(c))ju‘z\ e =632
(d)P—E‘ NP =a47

(¢) For A+5, 0 =tan'(-6/2) = -71.6° = 288°
For A-5,0=tan!(2/4)= 26.6°




image2.png
Prefixes for Powers of Ten

Power Prefix Abbreviation Power Prefix Abbreviation
10° kilo k 107 yocto y
10° mega M 107 zepto z
10° giga G 101 atto a
1012 tera T 10°" femto f
10 peta P 10712 pico p
10'% exa E 107 nano n
10% zetta Z 107° micro m
10%4 yotta b8 107* milli m

1072 centi (]
107! deci d





image3.png
Figure I
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