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BasicMathematicsDimensional AnalysisR Horan & M LavelleTheaim of this package is to provide a shortself assessment programme for students whowish to learn how to use Dimensional analysisto investigate scientific , Revision Date: February 23, 2005 Version of QuizSolutions to ExercisesSolutions to QuizzesThe full range of these packages and some instructions,should they be required, can be obtained from our webpageMathematics Support 1: Introduction31. IntroductionIt is important to realise that it only makes sense to add the same sortof quantities, may be added to areabutarea may notbe added to temperature!These considerations lead to a powerfulmethod to analyse scientific equations calleddimensional should note that whileunits are arbitrarily chosen(an aliencivilisation will not use seconds or weeks),dimensions representfundamental quantitiessuch as dimensions are written as follows:DimensionSymbolLengthLTimeTMassM TemperatureKElectrical currentISee the package onUnitsfor a review ofSI 1: Introduction4 Example 1An area can be expressed as

Section 1: Introduction 3 1. Introduction It is important to realise that it only makes sense to add the same sort of quantities, e.g. area may be added to area but area may not be added to temperature! These considerations lead to a powerful method to analyse scientiﬁc equations called dimensional analysis.
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    	Transcription of Dimensional Analysis - University of Plymouth


        
    	1 BasicMathematicsDimensional AnalysisR Horan & M LavelleTheaim of this package is to provide a shortself assessment programme for students whowish to learn how to use Dimensional analysisto investigate scientific , Revision Date: February 23, 2005 Version of QuizSolutions to ExercisesSolutions to QuizzesThe full range of these packages and some instructions,should they be required, can be obtained from our webpageMathematics Support 1: Introduction31. IntroductionIt is important to realise that it only makes sense to add the same sortof quantities, may be added to areabutarea may notbe added to temperature!These considerations lead to a powerfulmethod to analyse scientific equations calleddimensional should note that whileunits are arbitrarily chosen(an aliencivilisation will not use seconds or weeks),dimensions representfundamental quantitiessuch as dimensions are written as follows:DimensionSymbolLengthLTimeTMassM TemperatureKElectrical currentISee the package onUnitsfor a review ofSI 1: Introduction4 Example 1An area can be expressed as a length times a thedimensions of areaare L L = L2.
2 (A given areacould be expressed in the SI units of square metres, or indeed in anyappropriate units.) We sometimes write:[area]= L2In some equations symbols appear which donothave any associateddimension, ,in the formula for the area of a circle, r2, is justanumberand doesnothave a the dimensions of the following quantities(click on thegreenletters for the solutions).(a)Volume(b)Speed(c)Accelerat ion(d)DensityQuizPick out the units that have a different dimension to the otherthree.(a)kg m2s 2(b)g mm2s 2(c)kg2m s 2(d)mg cm2s 2 Section 2: Checking Equations52. Checking EquationsExample 2 Consider the equationy=x+12kx3 Since any terms which are added together or subtractedMUST havethe same dimensions, in this casey,xand12kx3have to have thesame say that such a scientific equation isdimensionally correct.
3 (Ifit is not true, the equation must be wrong.)If in the above equationxandywere both lengths (dimension L) and1/2 is a dimensionless number, then for the12kx3term to have thesame dimension as the other two, we would need:dimension ofk L3= L dimension ofk=LL3= L 2 Sokwould have dimensions ofone over area, ,[k] = L 2: Checking Equations6 QuizHooke s law states that the force,F, in a spring extended by alengthxis given byF= kx. From Newton s second lawF=ma,wheremis the mass andais the acceleration, calculate the dimensionof the spring constantk.(a)M T 2(b)M T2(c)M L 2T 2(d)M L2T2 Example 3 The expressions forkinetic energyE=12mv2(wheremis the mass of the body andvis its speed) andpotential energyE=mgh(wheregis the acceleration due to gravity andhis theheight of the body) look very different but both describe energy.
4 Oneway to see this is to note that they have the same ofkinetic energy12mv2 M (L T 1)2= M L2T 2 Dimension ofpotential energymgh M (L T 2) L= M L2T 2 Both expressions have the same dimensions, they can therefore beadded and subtracted from each 2: Checking Equations7 Exercise that the dimensions of each side of the equationsbelow agree (click on thegreenletters for the solutions).(a)The volume of a cylinder ofradiusrand lengthhV= r2h.(b)v=u+atfor an object withinitial speedu, (constant)accelerationaand final speedvafter a timet.(c)E=mc2whereEis energy,mis mass andcis the speedof light.(d)c= , wherecis the speed oflight, is the wavelength and is the frequencyNotethat Dimensional Analysis is a way of checking that equationsmightbe true.
5 It does not prove that they are definitely Analysis would suggest that both Einstein s equationE=mc2and the (incorrect) equationE=12mc2might be true. On theother hand Dimensional Analysis shows thatE=mc3makes no 3: Dimensionless Quantities83. Dimensionless QuantitiesSome quantities are said to be dimensionless. These are then purenumbers which would be the same no matter what units are used ( ,the mass of a proton is roughly 1850 times the mass of an electron nomatter how you measure mass).Example 4 The ratio of one massm1to another massm2is dimen-sionless:dimension of the fractionm1m2=MM= 1 The dimensions have canceled and the result is a number (which isindependent of the units, , it would be the same whether the masseswere measured in kilograms or tonnes).
6 Notethatanglesare defined in terms of ratios of lengths. Theyare thereforedimensionless!Functions of dimensionless variables arethemselves 3: Dimensionless Quantities9 Very many functions are dimensionless. The following quantities areimportant cases of dimensionless quantities:Trigonometric functionsLogarithmsExponentialsNumbers, , Notethe following properties: Functions of dimensionless variables are dimensionless. Dimensionless functions must have dimensionless the number of radioactive atoms is found to be given as afunction of timetbyN(t) =N0exp( kt)whereN0is the number of atoms at timet= 0, what is the dimensionofk?(a)LT(b)log(T)(c)T(d)T 1 Section 3: Dimensionless Quantities10 Exercise the dimensions of the expressions below (clickon thegreenletters for the solutions).
7 (a)In a Young s slits experiment the angle of constructive interfer-ence is related to the wavelength of the light, the spacing of theslitsdand the order numbernbydsin( ) =n . Show that thisis dimensionally correct.(b)The Boltzmann distribution in thermodynamics involves the fac-torexp( E/(kT))whereErepresents energy,Tis the tempera-ture andkis Boltzmann s constant. Find the dimensions Dimensional Analysis to see which of the following expres-sions is allowed ifPis a pressure,tis a time,mis a mass,ris adistance,vis a velocity andTis a temperature.(a)log(Ptmr)(b)log(Prt2m)(c) log(Pr2mt2)(d)log(PrmtT)Section 4: Final Quiz114. Final QuizBegin QuizChoose the solutions from the options s law of gravity states that the gravitational force be-tween two masses,m1andm2, separated by a distanceris givenbyF=Gm1m2/r2.
8 What are the dimensions ofG?(a)L3M 1T 2(b)M2L 2(c)M L T 2(d)M 1L coefficient of thermal expansion, of a metal bar of length`whose length expands by `when its temperature increases by T is given by `= ` T. What are the dimensions of ?(a)K 1(b)L2T 1(c)LT 2(d)L 2K position of a mass at the end of a spring is found as a functionof time to beAsin( t). Select the dimensions ofAand .(a)L&T(b)L& Dimensionless(c)sin(L)&T 1(d)L&T 1 End QuizSolutions to Exercises12 Solutions to ExercisesExercise 1(a)Avolumeis given by multiplying three lengths to-gether:Dimension of volume = L L L= L3So[volume]= L3(The SI units of volume are cubic metres.)Click on thegreensquare to return Solutions to Exercises13 Exercise 1(b)Speedis the rate of change of distance with respectto of speed=LT=L T 1So[speed]= L T 1(The SI units of speed are metres per second.)
9 Click on thegreensquare to return Solutions to Exercises14 Exercise 1(c)Accelerationis the rate of change of speed with respectto timeDimensions of acceleration =L T 1T= L T 2So[acceleration]= L T 2(The SI units of acceleration are metres per second squared.)Click on thegreensquare to return Solutions to Exercises15 Exercise 1(d)Densityis the mass per unit volume, so using thedimension of volume we get:Dimensions of volume =ML3= M L 3So[density]= M L 3(The SI units of density are kg m 3.)Click on thegreensquare to return Solutions to Exercises16 Exercise 2(a)We want to check the dimensions ofV= r2h. Weknow that the dimensions of volume are[volume] = L3. The righthand side of the equation has dimensions:dimensions of r2h= L2 L = L3 Soboth sides have the dimensions of on thegreensquare to return Solutions to Exercises17 Exercise 2(b)We want to check the dimensions of the equationv=u+at.
10 Sincevanduare both speeds, they have dimensionsL T 1. Therefore we only need to verify thatathas this see this consider:[at]= (L T 2) T = L T 2 T =L T 1So the equation is dimensionally correct, andall the terms have di-mensions of on thegreensquare to return Solutions to Exercises18 Exercise 2(c)We want to check the dimensions of the equationE=mc2. SinceEis anenergy it has dimensions M L2T 2. The righthand side of the equation can also be seen to have this dimension, ifwe recall thatmis a mass andcis the speed of light (with dimensionL T 1). Therefore[mc2]= M (L T 1)2=M L2T 2So the equation is dimensionally correct, and all terms that we addhave dimensions of on thegreensquare to return Solutions to Exercises19 Exercise 2(d)We want to check the dimensions of the equationc=.
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			Thematic analysis of qualitative data: AMEE Guide No. 131

			www.plymouth.ac.uk
			AMEE GUIDE Thematic analysis of qualitative data: AMEE Guide No. 131 Michelle E. Kigera,b and Lara Varpioa,b aWright-Patterson Medical Center, Dayton, OH, USA; bUniformed Services University of the Healthy Sciences, Bethesda, MD, USA ABSTRACT Thematic analysis is a widely used, yet often misunderstood, method of qualitative data analysis.
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			Boolean Algebra and Logic Gates - University of Plymouth

			www.plymouth.ac.uk
			Section 1: Logic Gates (Introduction) 3 1. Logic Gates (Introduction) The package Truth Tables and Boolean Algebra set out the basic principles of logic. Any Boolean algebra operation can be associated with an electronic circuit in which the inputs and outputs represent the statements of Boolean algebra. Although these circuits may be
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			Extenuating Circumstances Policy and Procedures 2021-22
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			Printer failure E-Submission of an assessment file in an incorrect format or of the wrong file by accident Re-submission of an assessment accidentally after the deadline Lack of access to IT facilities due to debt sanctions imposed by the University
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			Critical thinking

			www.plymouth.ac.uk
			serious study – description ... descriptive background information. This will provide context or scene-setting material which is also useful for an introductory ... evaluative phase of your thinking. It helps you to consider the possible implications or results of a particular action. This

			   Critical, Study, Descriptive, Thinking, Critical thinking, Evaluative

		

	

	
				
					

		
			Reflective writing - University of Plymouth

			www.plymouth.ac.uk
			for specific guidelines, but usually, a reflective essay: ... Remember that the reflective essay is a unique piece of academic writing in that it ... Moon, J. (2004) A Handbook of Reflective and Experiential Learning: Theory and Practice. London and NY: Routledge Falmer.

			   Guidelines, Writing, Learning, Essays, Reflective, Experiential, Reflective writing, Experiential learning

		

	

	
				
					

		
			A Printable Step-by-Step Guide to Planning Your Research ...

			www.plymouth.ac.uk
			a printable step-by-step guide It’s important to plan your research flexibly, but having milestones to tick off can help keep you on track and focussed. This guide should help you make a draft plan of the whole research project and poses questions …
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			A STUDENT GUIDE TO UNIVERSITY ASSESSMENT

			www.plymouth.ac.uk
			has a budget and has to come up with a business plan. Each team competes against the other teams in order to become the most successful company. Events Management Table Top Assessment This means bringing together a variety of objects: work completed and artefacts which signify how an event (wedding, new car launch, golf tournament) etc is built up.
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			Gradients and Directional Derivatives

			www.plymouth.ac.uk
			tional derivative and gradient. • The maximal directional derivative of the scalar ﬁeld f(x,y,z) is in the direction of the gradient vector ∇f. • If a surface is given by f(x,y,z) = c where c is a constant, then the normals to the surface are the vectors ±∇f. Example 4 Consider the surface xy3 = z+2. To ﬁnd its unit normal
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			Divergence and Curl - University of Plymouth

			www.plymouth.ac.uk
			2. Divergence (Div) If F(x,y) is a vector ﬁeld, then its divergence is written as divF(x,y) = ∇·F(r) which in two dimensions is: ∇·F(x,y) = (∂ ∂x i+ ∂ ∂y j)·(F 1(x,y)i+F 2(x,y)j), = ∂F 1 ∂x + ∂F 2 ∂y. It is obtained by taking the scalar product of the vector operator …
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			Your map for the Royal Cornwall Hospital 8 10

			www.plymouth.ac.uk
			Visitor Parking Disabled Parking Bus Stop No Entry Child Development Centre - Dolphin House Knowledge Spa Design, Publications & Photography Pendragon House GU Clinic Clinical Oncology ... PATIENT_MAP_V4.qxd Created Date: 20040629101057 ...
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    	Related documents

    	
	
				
					

		
			The Physical Basis of DIMENSIONAL ANALYSIS

			web.mit.edu
			1. Introduction Dimensional analysis offers a method for reducing complex physical problems to the simplest (that is, most economical) form prior to obtaining a quantitative answer. Bridgman (1969) explains it thus: "The principal use of dimensional analysis is …

			   Analysis, Introduction, Dimensional, Dimensional analysis, Introduction dimensional analysis

		

	

	
				
					

		
			Pathway Analysis : An Introduction

			bioinformatics.mdanderson.org
			Pathway Analysis : An Introduction. Data Experiments Structure in Data through statistics Pathway Analysis Literature and other KB ... –This is essentially a one-dimensional representation of the data •Pathway ... • It was discerned …

			   Analysis, Introduction, Dimensional

		

	

	
				
					

		
			An Introduction to Latent Semantic Analysis

			lsa.colorado.edu
			analysis of large text corpora. After processing a large sample of machine-readable language, Latent Semantic Analysis (LSA) represents the words used in it, and any set of these words—such as a sentence, paragraph, or essay—either taken from the original corpus or new, as points in a very high (e.g. 50-1,500) dimensional “semantic space”.

			   Analysis, Introduction, Talent, Dimensional, Semantics, Latent semantic analysis

		

	


                
                
	
				
					

		
			Mediation and interaction analysis Introduction and ...

			www.stata.com
			High-dimensional mediation analysis (Blum et al. 2020) Time-varying exposures, mediators, and confounders (VanderWeele et al. (2017) Sensitivity analyses for the counterfactual approach (Vanderweele 2010) Multiple imputations @andreabellavia Mediation analysis February 18, 2021 21 …

			   Analysis, Introduction, Dimensional, Analysis introduction

		

	

	
				
					

		
			Introduction to single-cell RNA- seq analysis

			barc.wi.mit.edu
			Feb 16, 2017 · • Introduction to single -cell RNA-seq data analysis – Overview of scRNA-seq technology, cell barcoding, UMIs – Experimental design – Analysis pipeline • Preprocessing and quality control • Normalization • Dimensionality reduction • …

			   Analysis, Introduction

		

	

	
				
					

		
			Introduction to Hyperspectral Image Analysis

			spacejournal.ohio.edu
			Introduction to Hyperspectral Image Analysis Peg Shippert, Ph.D. Earth Science Applications Specialist Research Systems, Inc. ... although this discussion describes the calculated spectral angle using a two-dimensional scatter plot, the actual spectral angle calculation is based on all of the bands in the image.

			   Analysis, Introduction, Dimensional, Hyperspectral

		

	


                
                
	
				
					

		
			An introduction to ROC analysis - Stanford University

			ccrma.stanford.edu
			An introduction to ROC analysis Tom Fawcett Institute for the Study of Learning and Expertise, 2164 Staunton Court, Palo Alto, CA 94306, USA Available online 19 December 2005 Abstract Receiver operating characteristics (ROC) graphs are useful for organizing classiﬁers and visualizing their performance. ROC graphs

			   Analysis, Introduction, Introduction to roc analysis

		

	

	
				
					

		
			An Introduction to Fourier Analysis - BGU

			www.math.bgu.ac.il
			Mathematically, Fourier analysis has spawned some of the most fundamental developments in our understanding of inﬁnite series and function approxima-tion - developments which are, unfortunately, much beyond the scope of these notes. Equally important, Fourier analysis is the tool with which many of the everyday phenomena - the
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