Lesson 3: Measurement
·  Lecture Objectives
· Recall that derived quantities and their related units are produced by multiplying and dividing fundamental quantities and their units.
· Recall the special names given to the units for some derived quantities;   express derived units using the index notation
· Express derived units using the index notation
· Differentiate between linear and non-linear scales
· Differentiate between analogue and digital scales;
· Discuss possible sources of error in any measurement, including those made with digital instruments, and ways of reducing such errors;
· Explain how parallax errors may be minimized;

· Use a variety of instruments to measure different quantities;

· Assess the suitability of instruments on the basis of sensitivity, accuracy and range
· Investigate the factors which might affect the period of a simple pendulum;

· Determine density using P
· Calculate the relative density for different materials
· Graphs
_____________________________________________________________________________

Derived quantities and their units
Fundamental quantities and their base units are combined to produce derived quantities and their units.
	Derived quantity
	Name
	Symbol

	area
	square meter
	m2

	volume
	cubic meter
	m3

	speed, velocity
	meter per second
	m/s

	acceleration
	meter per second squared  
	m/s2

	wave number
	reciprocal meter
	m-1

	mass density
	kilogram per cubic meter
	kg/m3

	specific volume
	cubic meter per kilogram
	m3/kg

	current density
	ampere per square meter
	A/m2

	magnetic field strength  
	ampere per meter
	A/m

	amount-of-substance concentration
	mole per cubic meter
	mol/m3

	luminance
	candela per square meter
	cd/m2

	mass fraction
	kilogram per kilogram, which may be represented by the number 1
	kg/kg = 1


	Derived quantity
	Name
	Symbol  
	Expression  
in terms of  
other SI units
	Expression
in terms of
SI base units

	plane angle
	radian (a)
	rad
	  -
	m·m-1 = 1 (b)

	solid angle
	steradian (a)
	sr (c)
	  -
	m2·m-2 = 1 (b)

	frequency
	hertz
	Hz
	  -
	s-1

	force
	newton
	N
	  -
	m·kg·s-2

	pressure, stress
	pascal
	Pa
	N/m2
	m-1·kg·s-2

	energy, work, quantity of heat  
	joule
	J
	N·m
	m2·kg·s-2

	power, radiant flux
	watt
	W
	J/s
	m2·kg·s-3

	electric charge, quantity of electricity
	coulomb
	C
	  -
	s·A

	electric potential difference,
electromotive force
	volt
	V
	W/A
	m2·kg·s-3·A-1

	capacitance
	farad
	F
	C/V
	m-2·kg-1·s4·A2

	electric resistance
	ohm
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	V/A
	m2·kg·s-3·A-2

	electric conductance
	siemens
	S
	A/V
	m-2·kg-1·s3·A2

	magnetic flux
	weber
	Wb
	V·s
	m2·kg·s-2·A-1

	magnetic flux density
	tesla
	T
	Wb/m2
	kg·s-2·A-1

	inductance
	henry
	H
	Wb/A
	m2·kg·s-2·A-2

	Celsius temperature
	degree Celsius
	°C
	  -
	K

	luminous flux
	lumen
	lm
	cd·sr (c)
	m2·m-2·cd = cd

	illuminance
	lux
	lx
	lm/m2
	m2·m-4·cd = m-2·cd

	activity (of a radionuclide)
	becquerel
	Bq
	  -
	s-1



________________________________________________________________
Length

Length is the distance between two points. The standard unit of length is the meter, although centimeter, cm, millimeter, mm and kilometer, km, are often used.

1 cm = 10 mm,  1 m = 100 cm = 1000 mm and 1 km = 1000 m
Area
Area is a measure of the size or extent of a plane surface and is measured by multiplying a length by a length. The unit of area is the square meter, m2 
Volume
Volume is a measure of the space occupied by a body and is measured by multiplying a length by a length by a length. The unit of volume is in cubic meters, m3  . Another unit used to measure volume, particularly with liquids, is the liter, l, where 1 l = 1000 cm3
Mass
Mass is the amount of matter in a body and is measured in kilograms, kg.
1 kg = 1000 g and 1 tonne (t) = 1000 kg
In-class problems.

1. Express (a) a length of 36 mm in meters, (b) 32 400 mm2   in square meters, and (c) 8 540 000 mm3 in cubic meters.
2. Determine the area of a room 15m long by 8m wide in (a) m2 (b) cm2 (c)mm2
3. A cube has sides each of length 50 mm. Determine the volume of the cube in cubic meters.
4. A container has a capacity of 2.5 liters. Calculate its volume in (a) m3 (b) mm3
Density
Density is the mass per unit volume of a substance. The symbol used for density is ρ (Greek letter rho) and its units are kg/m3.
Scales
A scale is set of marks (graduations) at intervals on a measuring instrument. Scales are linear if the divisions are uniformly spaced and non linear if the marks are unevenly spaced.
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Figure 1 A linear scale                                                                 Figure 2 A non-linear scale
Calibrating a scale
Calibration is the process of setting or checking the graduations on the scale of a measuring instrument by comparing the graduations on the scale of a measuring instrument by comparing it with a standard or some universally accepted reference.
Analogue and digital scales
An analogue device is one which has an output signal that varies continuously with the input. An analogue scale is one in which the pointer or indicator moves continuously over the calibrated scale.

The reading displayed or the information sent by a digital system does not vary continuously. It jumps from one number to the next.
_________________________________________________________________
Accuracy, precision, sensitivity and range

Progress in science depends heavily on our ability to measure physical quantities with greater accuracy and precision. Often, the terms are used interchangeably but they have different meanings.
Accuracy means how close the experimental value is to the true value. Accuracy is improved if errors due to measuring instruments and experimental procedures are identified and their effects reduced.

Precision refers to how small an uncertainty the measuring instrument will give.For example, a thermometer marked at every degree will give amore precise reading than one marked at every five degrees.

Sensitivity measures the response of an instrument to the smallest change in input. The greater the response of an instrument to a small changes in, for example, voltage or current, the greater its sensitivity. In general, sensitive readings are more precise.

Range is the size of the interval between the maximum and the minimum quantities that a measuring instrument can measure.
Errors and how to treat them

The error of observation is the difference between the observed or measured value and the true value. Errors in measurement may be of two types – random and systematic

Random errors
Errors that can be reliably estimated by repeating measurements are called random. Remember the measuring of the oscillation period of a pendulum with a stopwatch? Some of  the measurements were above the mean, while some of them were below. That's why we call this kind of error random. Our error estimate is obtained from the random distribution of our measurements around the mean value
Systematic errors
Systematic errors are errors associated with a flaw in the equipment or in the design of the experiment. Systematic errors cannot be estimated by repeating the experiment with the same equipment. Consider again the example of measuring an oscillation period with a stopwatch. Suppose that the stopwatch is running slow. This will lead to underestimation of all our time results. Systematic errors, unlike random errors, shift the results always in one direction. 

Systematic errors are much harder to estimate than random errors. After all, how could we have known beforehand that our stopwatch was unreliable? In order to identify systematic errors, we should understand the nature of the experiment and the instruments involved. Sometimes you will encounter significant systematic errors in your experiments. If you suspect that your measurements are biased, you should try to identify the possible sources of systematic error. 

Sources of errors

Errors arise from:

· Lack of precision or a lack of uniformity in the measuring instrument;

· Other features of the measuring instrument. For example, there is a systematic error in all measurements made with vernier calipers that have a zero error;

· Experimental conditions. For example, there may be fluctuations in temperature or pressure and draughts;

· The experimenter. For example, each experimenter has a reaction time which affects her or his determination of time intervals.

Parallax errors
Parallax is the apparent motion of objects in front of the eye when the eye position changes. 
Reducing experimental errors
Some uncertainties/errors in measurement can be minimized, for example, by:
· Taking several observations of the same event and finding the mean;

· Measuring a large number of events and calculating the value for one;

· Using an instrument of appropriate range and sensitivity;

· Taking readings in such a manner as to reduce parallax errors.

Measurement Techniques
Measuring lengths
1) Micrometer screw gauge
  A micrometer, also known as a micrometer screw gauge, is a widely used device in mechanical engineering for precisely measuring thickness of blocks, outer and inner diameters of shafts and depths of slots.
How to Read a Micrometer- in class Demonstration
 Reading a micrometer takes practice.

Top of Form
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To learn to read the mike you need to understand the Thimble and the Sleeve. 

Here we are going to learn to read the micrometer by figuring out the markings on the Thimble and the Sleeve. 
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The Sleeve does not move.   It looks like a ruler with ten numbers.   The space between each number is divided into quarters.   As the Thimble rotates around this Sleeve it covers up, or reveals the numbers marked on the Sleeve. 

It is easy to read a micrometer if you think of the markings on the Sleeve as dollars and quarters.

Top of Form
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2) Vernier caliper In class demonstration
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In class demonstrations

measure lengths using a ruler, vernier scale and

micrometer,

o measure weight and hence mass using spring and

lever balances,

o measure an angle using a protractor,

o measure time intervals using clocks, stopwatches




Problem 1:


Distinguish between a fundamental quantity and a derived quantity.


What is meant by the term ` a base unit`?


Which of the following is an SI ` derived unit`: the candela, the joule, the volt, the second, the coulomb?
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