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Contact Information
 Uzm.Öğr.Gör. Fatma Nur AKI
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Evaluation
 %20 Reports & Homeworks + %30 Visa Exam + %50 Final Exam = %100
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Resources • Fundamentals of Physics by David Halliday, Robert
 Resnick and Jearl Walker
 • Physics for Scientist and Engineers (Serway) Physics I, Frederick J.Keller, W.Edward Gettys, Malcolm J. Skove.
 • Fen Bilimcileri ve Mühendisler için Fizik, Giancoli, Akademi Yayın, 2009
 • Sears ve Zemansky University Physics, Cilt 1, 12. Baskı, Pearson Education Yayıncılık, 2009
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Physics
 Physicists ask really big questions like: How did the universe begin? How will the universe change in the future? How does the Sun keep on shining? What are the basic building blocks of matter? ….
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The Scale of the Universe
 • Video
 • http://htwins.net/scale2/
 WE ARE NOTHING.mp4
 http://htwins.net/scale2/
 http://htwins.net/scale2/
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Physics is everywhere !
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Physics Branches
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Physics and Other Sciences
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Physics and Mechanics
 • Physics deals with the nature and properties of matter and energy. Common language is mathematics.
 • Physics is based on experimental observations and quantitative measurements.
 • The study of physics can be divided into six main areas: – Classical mechanics – Physics I
 – Electromagnetism – Physics II
 – Optics – Physics III
 – Relativity –
 – Thermodynamics –
 – Quantum mechanics –
 • Classical mechanics deals with the motion and equilibrium of material bodies and the action of forces.
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Classical Mechanics • Classical mechanics deals with the motion of objects • Classical Mechanics: Theory that predicts qualitatively &
 quantitatively the results of experiments for objects that are NOT – Too small: atoms and subatomic particles – Quantum Mechanics – Too fast: objects close to the speed of light – Special Relativity – Too dense: black holes, the early Universe – General Relativity
 • Classical mechanics concerns the motion of objects that are large relative to atoms and move at speeds much slower than the speed of light (i.e. nearly everything!)
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• To be quantitative in Physics requires measurements
 • How tall is Ming Yao? How about
 his weight?
 – Height: 2.29 m (7 ft 6 in)
 – Weight: 141 kg (310 lb)
 • Number + Unit
 – “thickness is 10.” has no physical meaning
 – Both numbers and units necessary for
 any meaningful physical quantities

Page 18
						
						

• The basis of science and technology is meauserement.
 • Scientiests and technicians must be able to measure physical objects and events.
 • Measurement is especially important in the laboratory. Experiments involve measuring mass, length, time, temperature, pressure, or other quantities.
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Spring balance
 stopwatch
 Vernier calipers http://amrita.olabs.edu.in/?sub=1&brch=5&sim=16&cnt=469 http://www.learnalberta.ca/content/memg/division04/vernier%20caliper/index.html http://www.physics.ccsu.edu/LEMAIRE/genphys/virtual_physics_labs.htm http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
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 http://amrita.olabs.edu.in/?sub=1&brch=5&sim=16&cnt=469
 http://amrita.olabs.edu.in/?sub=1&brch=5&sim=16&cnt=469
 http://www.learnalberta.ca/content/memg/division04/vernier caliper/index.html
 http://www.learnalberta.ca/content/memg/division04/vernier caliper/index.html
 http://www.physics.ccsu.edu/LEMAIRE/genphys/virtual_physics_labs.htm
 http://www.physics.ccsu.edu/LEMAIRE/genphys/virtual_physics_labs.htm
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/
 http://www.stefanelli.eng.br/en/virtual-vernier-caliper-simulator-05-millimeter/

Page 20
						
						

• Measurement (from Old French, mesurement) is
 the assignment of numbers to objects or events. • It is a cornerstone of most natural sciences,
 technology, economics, and quantitative research in other social sciences.
 • A measurement is made by comparing a quantity with a standard unit.
 • Measurement is the process of comparing unknown magnitude of certain parameter with the known predefined standard of that parameter.
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What is Measurement ?
 • Scientific measurement has been defined as “rules for assigning numbers to objects in such a way as to represent quantities of attributes”.
 //upload.wikimedia.org/wikipedia/commons/c/c1/FourMetricInstruments.JPG
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Units of Measurement
 • The results are useless, however, unless standart units of measurement are used. One system of standart units is the SI.
 • The kilogram (kg), the meter (m), and the second (s) are basic SI units.
 Quantity SI cgs Dimension
 Length m cm L
 Mass kg g M
 Time s s T
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SI Unit for 3 Basic Quantities
 • Many possible choices for units of Length, Mass, Time
 • In 1960, standards bodies control and define Système Internationale (SI) unit as,
 – LENGTH: Meter
 – MASS: Kilogram
 – TIME: Second
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Fundamental Quantities and SI Units
 Length meter m
 Mass kilogram kg
 Time second s
 Electric Current ampere A
 Thermodynamic
 Temperature
 kelvin K
 Luminous Intensity candela cd
 Amount of Substance mole mol
 Why should we care about SI units? Mars Climate Orbiter: http://mars.jpl.nasa.gov/msp98/orbiter
 http://mars.jpl.nasa.gov/msp98/orbiter
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SI Length Unit: Meter
 • French Revolution Definition, 1792
 • 1 Meter = XY/10,000,000
 • 1 Meter = about 3.28 ft
 • 1 km = 1000 m, 1 cm = 1/100 m, 1 mm = 1/1000 m
 • Current Definition of 1 Meter: the distance traveled by light in vacuum during a time of 1/299,792,458 second.
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September 4, 2008
 SI Time Unit: Second • 1 Second is defined as “atomic clock”– time taken
 9,192,631,700 oscillations of the light emitted by a 133Cs atom.
 • Defining unit precisely is a science (important for, for example, GPS): – This clock will neither gain nor lose a second in 20 million years.
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September 4, 2008
 SI Mass Unit: Kilogram
 • 1 Kilogram – the mass of a specific platinum-iridium alloy kept at International Bureau of Weights and Measures near Paris.
 • Copies are kept in all other countries.

Page 31
						
						


Page 32
						
						

September 4, 2008
 Derived Quantities and Units
 • Multiply and divide units just like numbers
 • Derived quantities: area, speed, volume, density ……
 – Area = Length Length SI unit for area = m2
 – Volume = Length Length Length SI unit for volume = m3
 – Speed = Length / time SI unit for speed = m/s
 – Density = Mass / Volume SI unit for density = kg/m3
 • In 2008 Olympic Game, Usain Bolt sets world record at 9.69 s in Men’s 100 m Final. What is his average speed in km/h?
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Some Prefixes for Power of Ten
 Power Prefix Abbreviation
 103 kilo k
 106 mega M
 109 giga G
 1012 tera T
 1015 peta P
 1018 exa E
 10-18 atto a
 10-15 femto f
 10-12 pico p
 10-9 nano n
 10-6 micro m
 10-3 milli m
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January 22-25, 2013
 Prefixes for SI Units
 10x Prefix Symbol
 x=18 exa E
 15 peta P
 12 tera T
 9 giga G
 6 mega M
 3 kilo k
 2 hecto h
 1 deca da
 3,000 m = 3 1,000 m = 3 103 m = 3 km
 1,000,000,000 = 109 = 1G
 1,000,000 = 106 = 1M
 1,000 = 103 = 1k
 141 kg = ? g
 1 GB = ? Byte = ? MB
 If you are rusty with scientific notation, see appendix B.1 of the text
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January 22-25, 2013
 10x Prefix Symbol
 x=-1 deci d
 -2 centi c
 -3 milli m
 -6 micro µ
 -9 nano n
 -12 pico p
 -15 femto f
 -18 atto a
 Prefixes for SI Units
 0.003 s = 3 0.001 s = 3 10-3 s = 3 ms
 0.01 = 10-2 = centi
 0.001 = 10-3 = milli
 0.000 001 = 10-6 = micro
 0.000 000 001 = 10-9 = nano
 0.000 000 000 001 = 10-12
 = pico = p
 1 nm = ? m = ? cm
 3 cm = ? m = ? mm
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Other Unit System • U.S. customary system: foot, slug, second
 • Cgs system: cm, gram, second
 • We will use SI units in this course, but it is useful to know conversions between systems.
 – 1 mile = 1609 m = 1.609 km 1 ft = 0.3048 m = 30.48 cm
 – 1 m = 39.37 in. = 3.281 ft 1 in. = 0.0254 m = 2.54 cm
 – 1 lb = 0.465 kg 1 oz = 28.35 , 1 slug = 14.59 kg
 – 1 day = 24 hours = 24 * 60 minutes = 24 * 60 * 60 seconds
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Copyright © 2009 Pearson Education, Inc.
 Measurement and Uncertainty; Significant
 Figures
 No measurement is exact; there is always
 some uncertainty due to limited instrument
 accuracy and difficulty reading results.
 The photograph to the
 left illustrates this – it
 would be difficult to
 measure the width of
 this board more
 accurately than ± 1 mm.
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Copyright © 2009 Pearson Education, Inc.
 Measurement and Uncertainty;
 Significant Figures
 •Estimated uncertainty written “ ± ”
 ex. 8.8 ± 0.1 cm. (±: plus-minus)
 •Percent uncertainty: ratio of uncertainty
 to measured value, multiplied by 100:

Page 47
						
						

Copyright © 2009 Pearson Education, Inc.
 Measurement and Uncertainty; Significant
 Figures
 Number of significant figures = number of “reliably
 known digits” in a number.
 • Often possible to tell # of significant figures
 by the way the number is written:
 • 23.21 cm = four significant figures.
 • 0.062 m = two significant figures
 (initial zeroes don’t count).
 • 80 km is ambiguous—it could have one or
 two sig figs. If it has three, it should be
 written 80.0 km.
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Copyright © 2009 Pearson Education, Inc.
 Measurement and Uncertainty; Significant
 Figures
 •When multiplying or dividing numbers, or
 using functions, result has as many sig. figs as
 term with fewest.
 •ex: 11.3 cm x 6.8 cm = 77 cm.
 •When adding or subtracting, answer is no
 more precise than least precise number used.
 • ex: 1.213 + 2 = 3, not 3.213!
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Copyright © 2009 Pearson Education, Inc.
 Measurement and Uncertainty; Significant
 Figures
 •Calculators will not give right # of sig
 figs; usually give too many but
 sometimes give too few (especially if
 there are trailing zeroes after a
 decimal point).
 •top image: result of 2.0/3.0.
 •bottom image: result of 2.5 x 3.2.
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Copyright © 2009 Pearson Education, Inc.
 Measurement and Uncertainty; Significant
 Figures
 Conceptual Example 1-1: Significant figures.
 Using a protractor, you measure an angle to be
 30°. (a) How many significant figures should you
 quote in this measurement? (b) Use a calculator to
 find the cosine of the angle you measured.
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Copyright © 2009 Pearson Education, Inc.
 Measurement and Uncertainty; Significant
 Figures
 Scientific notation is commonly used in
 physics; it allows the number of significant
 figures to be clearly shown.
 For example, we cannot tell how many
 significant figures the number 36,900 has.
 However, if we write 3.69 x 104, we know it has
 three; if we write 3.690 x 104, it has four.
 Much of physics involves approximations;
 these can affect the precision of a
 measurement also.
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Copyright © 2009 Pearson Education, Inc.
 Accuracy (Doğruluk) vs. Precision (Duyarlık)
 Accuracy is how close a measurement comes
 to the true value.
 ex. Acceleration of Earth’s gravity = 9.81 m/sec2
 Your experiment produces 10 ± 1m/sec2
 You were accurate, but not super “precise”
 Precision is the repeatability of the
 measurement using the same instrument.
 ex. Your experiment produces 8.334 ± 0.001 m/sec2
 You were precise, but not very accurate!
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Accuracy vs. Precision (Doğruluk, Hassaslık/Duyarlık)
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Acuuracy & Precision
 • Accuracy: The degree to which a measurement represents the true value of something. Simply put: How close a measurement is to the true value
 • Precision: The degree of resemblance among study results, were the study to be repeated under similar circumstances. Simply put: How close the measurements are to each other
 • Lack of precision is referred to as ‘random error‘.
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Validity & Reliability
 • Validity: The extent to which the study measures what it is intended to measure. Simply put: Are the values describing what was supposed to be measured?
 • Internal validity: Are the results valid for the study subjects? • External validity (Generalizability): Are the results valid for
 the population from which the sample was drawn? • Lack of validity is referred to as ‘Bias‘ or ‘systematic error‘. • Reliability: A measure of how dependably an observation is
 exactly the same when repeated. It refers to the measuring procedure rather than to the attribute being measured. Simply put: Will one get the same values if the measurements are repeated?
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• Note:
 • Many authors use the terms in the following sense:
 • Accuracy (validity): Validity and accuracy are used synonymously
 • Precision (reliability): Precision and reliability are used synonymously
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Copyright © 2009 Pearson Education, Inc.
 Converting Units
 Unit conversions involve a conversion factor.
 Example: 1 in. = 2.54 cm.
 Equivalent to: 1 = 2.54 cm/in.
 Measured length = 21.5 inches, converted to
 centimeters?
 How many sig figs are appropriate here?
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Copyright © 2009 Pearson Education, Inc.
 Converting Units
 Example 1-2: The 8000-m peaks.
 The 14 tallest peaks in the world are referred to as “eight-
 thousanders,” meaning their summits are over 8000 m
 above sea level.
 What is the elevation, in feet, of an elevation of
 8000 m?
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Copyright © 2009 Pearson Education, Inc.
 Converting Units
 • 1 m = 3,281 feet
 • 8000 m = 26.248 feet.
 • “8000 m” has only 1 significant digit!
 • Round the answer up to 30,000 ft!
 • Rather rough! • 30,000 – 26,248 = 3,752
 • 3,752/26,248 = 14.3% high!
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Copyright © 2009 Pearson Education, Inc.
 Order of Magnitude: Rapid Estimating
 Quick way to estimate calculated quantity:
 - round off all numbers to one significant
 figure and then calculate.
 - result should be right order of magnitude; expressed by rounding off to nearest power of 10.
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Copyright © 2009 Pearson Education, Inc.
 Order of Magnitude: Rapid Estimating
 Example 1-5: Volume of a lake.
 Estimate how much
 water there is in a
 particular lake, which is
 roughly circular, about 1
 km across, and you
 guess it has an average
 depth of about 10 m.

Page 62
						
						

Copyright © 2009 Pearson Education, Inc.
 Order of Magnitude: Rapid Estimating
 Example 1-6: Thickness of a page.
 Estimate the thickness
 of a page of your
 textbook. (Hint: you
 don’t need one of
 these!)
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Copyright © 2009 Pearson Education, Inc.
 Order of Magnitude: Rapid Estimating
 Example 1-7: Height by
 triangulation.
 Estimate the height of
 the building shown by
 “triangulation,” with the
 help of a bus-stop pole
 and a friend. (See how
 useful the diagram is!)

Page 64
						
						

Dimensional Analysis
 • Physical laws must be independent of arbitrarily chosen units of measure. Nature does not care if we measure lengths in centimeters or inches or light-years or …
 • Check your units! All natural/physical relations must be dimensionally correct.
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Copyright © 2009 Pearson Education, Inc.
 1-7 Dimensions and Dimensional Analysis
 Dimensions of a quantity are the base units
 that make it up; they are generally written
 using square brackets.
 Example: Speed = distance/time
 Dimensions of speed: [L/T]
 Quantities that are being added or subtracted
 must have the same dimensions. In addition, a
 quantity calculated as the solution to a
 problem should have the correct dimensions.
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Copyright © 2009 Pearson Education, Inc.
 1-7 Dimensions and Dimensional Analysis
 Dimensional analysis is the checking of
 dimensions of all quantities in an equation to
 ensure that those which are added, subtracted,
 or equated have the same dimensions.
 Example: Is this the correct equation for
 velocity?
 Check the dimensions:
 Wrong!
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Dimensional Analysis Dimensional Analysis refers to the physical nature of the quantity and the type of unit (Dimension) used to specify it.
 •Distance has dimension L.
 •Area has dimension L2.
 •Volume has dimension L3.
 •Time has dimension T.
 •Speed has dimension L/T
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September 4, 2008
 • Quantities have dimensions:
 • [Length]: L, [Mass] : M, [Time]: T
 • Quantities have units: Length: m, Mass: kg, Time: s
 Dimensions, Units and Equations
 Quantity Area Volume Speed Acceleration
 Dimension [A] = L2 [V] = L3 [v] = L/T
 [a] = L/T2
 SI Units m2 m3 m/s m/s2
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January 7, 2013 Physics 114A - Lecture 1 69/21
 Dimensions and Units
 Length L
 Mass M
 Time T
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September 4, 2008
 Dimensional Analysis
 • Necessary either to derive a math expression, or equation or to check its correctness.
 • Quantities can be added/subtracted only if they have the same dimensions.
 • The terms of both sides of an equation must have the same dimensions.
 – a, b, and c have units of meters, s = a, what is [s] ?
 – a, b, and c have units of meters, s = a + b, what is [s] ?
 – a, b, and c have units of meters, s = (2a + b)b, what is [s] ?
 – a, b, and c have units of meters, s = (a + b)3/c, what is [s] ?
 – a, b, and c have units of meters, s = (3a + 4b)1/2/9c2, what is [s] ?
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Dimensions of Some Common Physical Quantities
 [x], Length : L
 [m], Mass : M
 [t], Time : T
 [v], Velocity : LT-1
 [a], Acceleration : LT-2
 [F], Force : MLT-2
 [r], Mass Density : ML-3
 [P], Pressure : ML-1T-2
 [E], Energy : ML2T-2
 [I], Electric Current : QT-1
 [q], Electric Change : Q
 [E], Electric Field : MLQT-2
 All are powers of the fundamental dimensions:
 [Any Physical Quantity] = MaLbTcQd
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January 7, 2013 Physics 114A - Lecture 1 72/21
 Any valid physical equation must be dimensionally consistent – each side must have the same dimensions.
 From the Table:
 Distance = velocity × time
 Velocity = acceleration × time
 Energy = mass × (velocity)2
 Dimensional Analysis (1)
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January 7, 2013 Physics 114A - Lecture 1 73/21
 Dimensional Analysis (2)
 The period P (T) of a swinging pendulum depends only on the length of the pendulum d (L) and the acceleration of gravity g (L/T2).
 Which of the following formulas for P could be correct ?
 Pd
 g 2P
 d
 g 2(a) (b) (c) P 2 (dg)2
 Example:
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January 7, 2013 Physics 114A - Lecture 1 74/21
 LL
 T
 L
 TT
 2
 2 4
 4
 Dimensional Analysis (3)
 L
 L
 T
 T T
 2
 2
 Remember that P is in units of time (T), d is length (L) and g is acceleration (L/T2).
 The both sides must have the same units
 P dg 22
 (a) (b) (c) Pd
 g 2
 Try equation (a). Try equation (b). Try equation (c).
 TT
 T
 L
 L 2
 2
 Pd
 g 2
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Dimensional Analysis
 • The force (F) to keep an object moving in a circle can be described in terms of:
 – velocity (v, dimension L / T) of the object
 – mass (m, dimension M)
 – radius of the circle (R, dimension L)
 Which of the following formulas for F could be correct ?
 Note: Force has dimensions of ML/T2
 R
 mvF
 2
 2
 R
 vmF
 (a) (b) (c) F = mvR
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Dimensional Analysis Which of the following formulas for F
 could be correct ?
 A.
 B.
 C.
 R
 mvF
 2
 2
 R
 vmF
 F = mvR
 Note: Force has dimensions of ML/T2
 Velocity (n, dimension L / T)
 Mass (m, dimension M)
 Radius of the circle (R,
 dimension L)
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September 4, 2008
 Summary • The three fundamental physical quantities of mechanics are
 length, mass and time, which in the SI system have the units meter (m), kilogram (kg), and second (s), respectively
 • The method of dimensional analysis is very powerful in solving physics problems.
 • Units in physics equations must always be consistent. Converting units is a matter of multiplying the given quantity by a fraction, with one unit in the numerator and its equivalent in the other units in the denominator, arrange so the unwanted units in the given quantity are cancelled out in favor of the desired units.
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Vernier Calipers • There are special devices for taking measurements.
 • For example Vernier calipers are used to meausere small widths and diameter while a travelling
 microscope is used to measure small lengths.
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How Does a Vernier Caliper Work?
 • To use a venier calliper close the jaws lightly over the object to be measured and if measuring something with a round cross section ensure the axis of the object is perpendicular to the calliper.
 • Use the bottom scale which is in metric units ignoring the top. The tick mark found on the left on the sliding scale will allow you to read from the fixed scale the number of whole millimetres when the jaws are opened and check to see that one of the tick marks aligns with a tick mark on the fixed scale.
 • The number of aligned tick marks on the sliding scale will tell you the number of tenths of millimetres.
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86
 Using Vernier
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87
 Vernier
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