[bookmark: _GoBack]Quick Reference Sheet 
Unit Prefixes: 	 	 	 	SI Units [variable] (unit): 
Tera (T) 1012  	deci (d) 10-1  	length (m) 	 coefficient of viscosity[ƞ](Pa·s)  
Giga (G) 109  	centi (c) 10-2  	mass[m](kg)  Heat[Q](J) 
Mega (M) 106 	mili (m) 10-3  	time[t](s) 	 specific heat[c](J/kg·°C) 
Kilo (k) 103  	micro (µ) 10-6 	current(A) 	 heat capacity[C](J/K) 
Hecto (h) 102 	nano (n) 10-9  	temperature[T](K) pressure[p](Pa) 
Deca (da) 10  	pico (p) 10-12  	density[ρ](kg/m3)  Entropy[S](J/K) 
 	 	 	 	 	 	Molar specific heat[cm](J/mol·K) 
 	 	 	 	 	 	Work[W](J) Charge[q](C)  	 	 
 	 	 	 	 	 	Electric Field[E](N/C) Electric Flux[Φ]((N/C)m3) 
Unit Conversions: 	 	 	 	Constants: 
	 101 325 Pa  1 cal=4.186 J 	 


1 atm=Avogadro’s Number NA 6.022x1023mol-1 
	1 bar= 105 Pa 


	760 mmHg = 1 atm  	Boltzmann constant k 1.30866x10-23 J/K 
	1 mmHg= 133.3224 Pa 	 	 	 


Gas constant R 8.31451 J·K-1·mol-1 
1 Torr= 133.3224 Pa 	 	 	 	R 0.08206 atm·L·K-1·mol-1 
1 mmHg = 1 torr    1 atm = 1.013125 bar 	R 8.31451 m3Pa·K-1·mol-1 
1000 mL = 1 L 1000 L = 1 m3 	 	 	R 0.0831451 bar L·K-1·mol-1 
°F to °C chap 17-17.2 	 	 	 	Planck’s constant h 6.62608x10-34J·s 3α(alpha)=β  	 	 	 	 	Speed of Light c 2.99792458x108m·s-1 
γ=tensible stress/tensible strain=(F(perp)/A)/(dl/lo) σ=5.67*10-8 
K=coefficient of performance(carnot refrigerator) 	k=9*109N·m2·c2 Chap21 constant 
K=|Tc|/(|Th|-|Tc|)=|Qc|/(|QH|-|Qc|) 	 	 	Na=6.022*1023 

(where X is any symbol) 
Ch12 Fluidid Mechanics	ρ (rho) = density
§12.1!Density	m = mass
373!	-ρ=m/V!	V = volume
374!	-Density of common substances	p = pressure
!	-Specific gravity	F = force
§12.2!Pressure in a Fluid	g = gravity 375!	-p=F⟂/A	h = height
376!	-Mass vs weight	A = area
!	-(in a fluid) p=po+ρgh 
v = velocity dX = delta t = time T = temperature
W = work
U = potential energy
K = kinetic energy
L = length ; R = radius
	!	-Pascal’s Law: Pressure applied to an enclosed fluid is transmitted undiminished 
	!
	to every portion of the fluid and the walls of the container. 

	!
	-p=F1/A1=F2/A2

	378!
	-Gauge pressure: pG=pT - patm  

	!
	-Absolute pressure: pT=pG+patm 

	!
	-Types of pressure gauges.


§12.3!Buoyancy
380!	-Archimedes’s principle: When a body is completely or partially immersed in a !	fluid, the fluid exerts an upward force on the body equal to the weight of the fluid !	displaced by the body. 
!	-Upward force in a fluid is Buoyant force (passes through the center of gravity of 
!	the displaced fluid) 
382!	-Surface tension: The surface of a liquid behaves like a membrane.
§12.4!Fluid Flow
	382!
	-Ideal fluid: incompressible & no internal friction(viscosity, p.389)  

	!
	-Path of a moving fluid is flow line 

	!
	-Constant pattern in flow line is steady flow 

	!
	-Streamline, Laminar flow, Turbulent flow(p.383) 

	!
	-Continuity equation: ρA1v1dt = ρA2v2dt

	384!
	-Volume flow rate: dV/dt = A*v 

	!
	-Mass flow rate: ρ*dV/dt


§12.5! Bernoulli’s Equation
385!	-Bernoulli’s Equation(also see p.386): (let ds=v*dt; dt=constant) 
!	dW = (p1-p2)dV 
!	!	- P1+ρgy1+0.5ρv12 = P2+ρgy2+0.5ρv22
!	-Kinetic energy: K=0.5ρ(A*ds)v2; dK=0.5ρ*dV(v22-v12)
!	-ΔPotential energy: dU = ρ*dV*g(y2-y1)
386!	-dW=dK+dU (we can solve for pressures with this, see p.386) 
§12.6!Viscosity and Turbulence
389!	-Viscosity is internal friction in a fluid; temperature dependent.
390!	-prequired=L/R4 
!	-Irregular flow is turbulence (Bernoulli’s eq. is not applicable)
!	-Factors affecting velocity at which fluid becomes turbulent


[image: ]XT = X Total

Ch17 Temperature and Heat
§17.1 Temperature and thermal equilibrium
552 – 553 Zeorth law of thermodynamics
- Two systems are in thermal equilibrium if and only if (iff) they have the same temperature.
§17.2 Thermometers and Temperature Scale
554 Conversions Celsius to Fahrenheit - Tf = +32
Fahrenheit to Celsius 
!	!	- Tc = Tf-32)
[image: ]β = constant (volume expansion coe.) α = constant (linear expansion coe.) L = length of thickness
Ɣ = (p353) Young Modulus Q = Heat
Lf = heat of fusion Lv = heat of vaporization k = thermal conductivity R (p572)= units: m2K/W
Water triple point is 0.01℃ at 610Pa

§17.3 Gas thermometers and the Kelvin scale
555!	- Gas thermometers
!	- Conversion Celsius to Kelvin
· Tk = Tc + 273.15
	   !	Constant volume gas thermometer (Temperature in Kelvin)
!	- T = Ttriple * P/Ptriple (example 17.5)
§17.4 Thermal Expansion
 557! - Linear Expansion  ΔL = αL0ΔT
· L = L0 + ΔL = L0 + αL0ΔT = L0(1 + αΔT)
558!	- Volume Expansions
!	- ΔV = βV0ΔT
!	- β = 3α
Table 17.1 and 17.2 Coefficients of linear (α) and volume (β) expansion reactively.
560!	- Thermal Expansion of Water
!	- Thermal Stress -YαΔT
§17.5 Quantity of Heat
	562!
	- Conversions

	!
	1 cal = 4.186 J

	!
	1kcal = 41860 J

	!
	1 Btu (British thermal unit) = 778 ft!lb = 252 cal = 1055 J

	563!
	- Specific Heat
Q = mcαΔT
- c is specific heat of material

	564!
	- Molar Heat Capacity


	!	Q = nCΔT
· C is molar heat capacity
Table 17.3 Approximate Specific Heat and Molar Heat Capacities
§17.6 Calorimetric and Phase Changes 
 565 − 66 - Phase changes
!	        Q = ±mL(f or v)
       (for water at normal pressure) 
− Lf = 3.34 x 105 = 79.6 cal = 143 Btu/lb 
− Lv = 2.256 x 106 = 539 cal = 970 Btu/lb
567 Table 17.4 Heats of Fusion/Vaporization
§17.7 Mechanisms of Heat Transfer
	570!
	- Conduction (heat travels through the material to another) H =  =  (heat current in conduction)

	572!
	- Thermal resistance: H = A(TH-Tc)/R

	!
	!	!	!	R = L/k  !	(where L is thickness)

	574!
	- Convection (heat flows through a liquid)

	!
	- Radiation (heat is transmitted with electromagnetic waves (light)) H = AeσT4 (heat current in radiation)

	575!
	- Radiation and Absorption
Hnet = AeσT4 – AeσTs4 = Aeσ(T4 – Ts4) (Ts is the surrounding temperature)

	576!
	- Applications of radiation and Radiation, Climate, and Climate Change




Ch 18 Thermal Properties of Matter-
 
State Variables:
 describes the state of the material such as m, V, P, T, etc.
ƛ
 = mean free path
r = radius
M = molar mass
N = # of molecules
N
A
 = Avogadro’s #
K
tr
 = translational 
kinetic E
v
mp
 = most probable

§18.1 Equations of State 591!
	!
	- Ideal gas equation: PV=nRT

	!
	- ρ = PM/RT

	!
	- If ideal gas and constant mass: P1V1/T1=P2V2/T2=constant

	595!
	- Van der Waals Equation:


!	!	[image: ]a and b are empirical constants (different per gas)
· b roughly represents the volume of a mole of molecules; the total volume of the molecules is then nb, and the volume remaining in which the mole- cules can move is V - nb. 
· a depends on the attractive intermolecular forces, which reduce the pressure of the gas for given values of n, V, and T by pulling the molecules together as they push on the walls of the container. The decrease in pressure is proportional to the number of molecules per unit volume in a layer near the wall (which are exerting the pressure on the wall) and is also proportional to the number per unit volume in the next layer beyond the wall (which are doing the attracting). Hence the decrease in pressure due to intermolecular forces is proportional to n2>V 2.
· Ideal Gas Conditions:
· V is directly proportional to the number of moles.
· V varies inversely with the absolute pressure.
· Ex: If we double pressure, Vf = ½ Vi
· Pressure is proportional to absolute temperature.
· PV - diagram : figure 18.6
§18.2 Molecular Properties of Matter
597!	- Molecules are constantly in motion, forces between molecules in a gas varies 
!	with distance r. When molecules are far apart, intermolecular forces are very !	small and usually attractive. Attractive forces increase as molecules are brought 
!	together.
· Potential well
· Avogadro’s Number (NA): 6.02214*1023
§18.3 Kinetic-Molecular Model of an Ideal Gas
599!	- 4 steps of kinetic-molecular collisions
· P = F/A = (N*m*vx2)/V!	(see p.600 equations 18.9-11)
· v2=vx2+vy2+vz2
· We can consider vx2=vy2=vz2 since gravity will have a negligible affect on the speeds.
· v2 =⅓vx2=⅓vy2=⅓vz2
	
	- PV = ⅓N*m*(v2)av = ⅓N*[½m*(v2)av] (equation 18.12)

	601!
	· PV = ⅔Ktr (total random kinetic energy of translational motion of all molecules)
· Ktr = 3/2 nRT (average translational kinetic energy of n moles of ideal gas) - WARNING: “k” in the next equation is the Boltzmann constant: k=R/NA=1.381*10-23 - ½m(v2)av = 3/2 kT  (average translational kinetic energy of a gas molecule) - PV = NkT
· Molecular speeds: vrms = √(v2)av = √(3kT/m) = √(3RT/M) (root-mean-square speed of a gas molecule) (18.19)

	604!
	- Average mean time between collisions, called the mean free time


· tmean = V/(4*π*√(2)*r2*v*N)   (r is radius)
· Avg distance travelled between collisions is called the mean free path (ƛ)
· ƛ = v*tmean = V/(4*π*√(2)*r2*N) (notice v is no longer in the denominator) - ƛ = kT/(4*π*√(2)*r2*P) (18.21-22)
§18.4 Heat Capacities
605!	- Molar heat capacity at constant V: 
· Cv = 3/2 R = 12.47 j/(mol*K)   (ideal gas of point particles)
· Cv = 5/2 R = 20.79j/(mol*K)    (diatomic gas, including rotation)
· Cv = 3R = 24.9j/(mol*K)          (ideal monatomic solid)
607!	- The rule of Dulong and Petit: elemental solids all have molar heat capacities of !	about 25j/(mol*K).
§18.5 Molecular Speeds
609!	- f(v) is the distribution function. (units: s/m)
· Maxwell-Boltzmann distribution f(v) = 4π*(m/(2πkT))3/2 *v2*e-mv2/(2kT)
· Vmp = √(2kT/m)      (18.34)
· Vav = √(8kT/(π*m))
· Vrms = √(3kT/m)
§18.6 Phases of Matter
611!	- Phase Equilibrium: when a change of state is occurring (condensation/ !	evaporation) at the same rate.
· Triple Point: when solid, liquid and vapor coexist at a finite pressure and temperature.
· Critical Point: the point where the corresponding values on a graph are critical pressure and temperature. A gas at a pressure above the critical pressure does not seperate into two phases when it is cooled at constant pressure, instead, its properties change gradually and continuously from those we ordinarily associate with a gas to those of a liquid without a phase transition.
· BASICALLY, at the critical points, the distinction between liquid and vapor disappears. - Table 18.3
Ch. 19 First Law of Thermodynamics 
Useful Terms 
Path: When a thermodynamic system changes from an initial state to a final state, it passes through a series of intermediate states.  
Thermodynamics: study of relationships involving heat, mechanical work, and other aspects of energy and energy transfer.   
Thermodynamic process: when there is a change in state of a thermodynamic system.  Thermodynamic systems: collection of objects that is convenient to regard as a unit, and that may have the potential to exchange energy with its surroundings.   
19.1.1 Thermodynamic Systems 
Example of thermodynamic system: quantity of popcorn kernels in a pot with a lit.  When the pot is placed on the stove, energy is added to the popcorn by conduction of heat.  As it expands, does work as it exerts upward force on lid.  State of popcorn changes, since the volume, temperature and pressure of the popcorn all change as it is in the middle of popping.  This is called a thermodynamic process.   
19.1.2 Signs for Heat and Work in Thermodynamics 
Describe the energy relationships in any thermodynamic process in terms of Q(quantity of heat added to the system) and W(work done by the system). 
o Both Q and W may be (+), (-), or 0.   
! 	Positive value of Q represents heat flow into the system, with a corresponding input of energy to it.  
	! 	Negative value of Q represents heat flow out of the system. 
! 	Positive value of W represents work done by the system against its surroundings, such as work done by an expanding gas, and hence corresponds to energy leaving the system.   
	! 	Negative value of W represents energy entering the system.   
19.2 Work Done During Volume Changes Important Equations: 
dW=pdV (expresses the work done by the system in the infinitesimal volume change) 
 	(19.1) 
!W=!!!!pdV (work done in a volume change)  	 	 	 	 	 
 	(19.2) 
W=p(V!−!V!) (work done in a volume change at constant pressure) 	 	 
 	(19.3) 
Generally, the pressure of the system may vary during the volume change.   ex.  This is the case in the cylinders of a car engine as the pistons move back and forth.  To evaluate the integral in Eq. (19.2), we have to know how the pressure varies as a function of volume.  
19.3 Paths Between Thermodynamic States 
19.3.1 Work Done in a thermodynamic Process 
Series of states in a thermodynamic system is called a path.  There are always infinitely many different possibilities for these intermediate states.  When in equilibrium states, path can be plotted on a pV-diagram.   
19.3.2 Heat Added in a Thermodynamic Process free expansion: uncontrolled expansion of a gas into vacuum  
Like work, heat depends not only on the initial and final states but also on the path.   
19.4 Internal Energy and the First Law of Thermodynamics states that when heat Q is added to a system while the system does work W, the internal energy U changes by an amount equal to Q – W.  This law can also be expressed for an infinitesimal process. 
 
internal energy of a system: the sum of the kinetic energies of all of its constituents particles, plus the sum of all the potential energies of interaction among these particles.   
Note: internal energy does not include potential energy arising from the interaction between the system and its surroundings. First law of thermodynamics:  
U!−!U! = !∆U=Q−W 
∆U=Q−W  
dU=dQ−dW (First Law of Thermodynamics, Infinitesimal process) 
19.5 Kinds of Thermodynamic Processes 
U!−!U! = !∆U= !−W (adiabatic process, one with no heat transfer in or out of a system, Q = 0) 
U!−!U! = !∆U=Q (isochoric process, constant volume process, W = 0) 
W=p(V!−V!) (isobaric process constant pressure process) 
19.6 Internal Energy of an Ideal Gas 
The internal energy of an ideal gas depends only on its temperature, not on its pressure or volume 
19.7 Heat Capacities of an Ideal Gas 
	dQ=nC!dT (19.12) 
	Infinitesimal amount of heat dQ flows into the gas, temp increases by dT 

	dU=nC!dT (19.13) 
	Gas does no work (dW = 0) because V is constant 

	dQ=nC!dT (19.14) 
	Amount of heat dQ entering the gas 

	dW=pdV (19.15) 
	Work dW done by the gas in the constant pressure process 

	dW=pdV=nRdT (19.16) 
	Change in V is proportional to change in T 

	nC!dT=dU+nRdT (19.17) 
	Substitute Eq’s 19.14 and 19.15 into first law 

	nC!dT=nC!dT+nRdT (19.18) 
	Replace dU in Eq. (19.16) by nCvdT 


Divide each term by the common factor ndT, we get the molar heat capacities of an ideal gas 
C! = !C!+R 
γ= !!! (ratio of heat capacities.  
!!
19.8 Adiabatic Processes for an Ideal Gas 
W=nC!(T!−T!) (adiabatic process, ideal gas) 
W= !!!!p!V!−p!V! = !!!!(p!V!−p!V!) adiabatic process, ideal gas !

 
	Isothermal 
	Adiabatic 
	Isobaric 
	Isochoric 

	Change in temperature is slow 
	No heat transfer. 
Q=0 → ΔU = -W 
	Constant pressure. 
W = P(V2-V1) 
W, Q and ΔU ≠ 0 
	Constant volume. 
W = 0 → Q = ΔU 


ɣ equations on p641 ΔT = W/nR for a monotomic gas: 
	cv : constant volume  
	= 3/2R 

	cp : constant pressure 
	= 5/2R 



Ch20 The Second Law of Thermodynamics
!	- Heat flows from hot body
- W = m*g*Δy     (Δy being distance traveled)
§20.1 Directions of Thermodynamic Processes
[image: ]Ɣ = a constant r = a constant S = entropy (J/K)

653!	- Second law determines preferred direction for processes
!	- Reversible process (Equilibrium process), direction can be changed and 
!	   system is always in or close to thermal equilibrium. All others are irreversible. !	- Refrigerators and heat engines are partly successful in transporting heat from !	   cooler to hotter.
§20.2 Heat Engines
654!	- For cyclic processes, initial and final energies are equal.
!	!	- U2-U1=0=Q-W  so  Q=W
· W=QH+QC! QH is positive / QC is negative
· Thermal Efficiency of an engine:   e=W/ QH = 1 - |Qc/QH|
§20.3 Internal Combustion Engines
657!	- Otto Cycle and Diesel Cycle
!	- Diesel has no spark plug ignition
!	- Thermal efficiency of Otto Cycle: e = 1-(1/rɣ-1)
§20.4 Refrigerators
	659!
	- Fridge takes heat, Qc, from colder place, has a work input,  and discards heat. 

	!
	- Coefficient or Performance: K=|Qc| / |W| =|Qc| / |QH|-|Qc|      (20.9)

	!
	· QH+Qc – W = 0 !	 OR ! -QH = Qc - W
· ALWAYS flows from colder to hotter. (W is negative, since we are removing heat)

	661!
	- K = |Qc| / |W| = Ht / Pt = H/P (WARNING: P is power (Watts) and H is heat 

	!
	   current)    (t is for “at time t”)


· Helpful equations: (P = W/t)  (H = |Qc| / t)   (K = (|Qc| / t)/P)    (P = power!!!!)
· QH/t = Pout/e
§20.5 Second Law of Thermodynamics
661!	- It’s impossible for a system that absorbs heat and convert it completely into !	   mechanical work (perpetual motion), ending in same state it began. But part of !	   it can be converted. §20.6 Carnot Cycle
	663!
	- Two heat reservoirs (hot and cold)

	!
	· Steps of Carnot Cycle (see figure 20.13)
· Letters a, b, c, d, in the following equations refer to the steps in figure 20.13.
· Steps a and c are isothermal and steps b and d are adiabatic. - Step a corresponds to step 1, b -> 2, c -> 3, d -> 4 in figure 20.13 - CAREFUL: Qc and Tc still mean “Q cold” and “T cold”!
· QH=Wab=nRTHln(Vb/Va) (other derivations of this equation are on p664)
· TH*Vbɣ-1 = Tc*Vcɣ-1     and     TH*Vaɣ-1 = Tc*Vdɣ-1 - Therefor Vb/Va = Vc/Vd

	665!
	-   -Tc/TH = Qc/QH (heat transfer in a Carnot engine)

	!
	· ecarnot = (TH - Tc)/TH (efficiency of Carnot engine)
· Kcarnot = Tc/ Th-Tc   (coefficient of performance of Carnot refrigerator)


§20.7 Entropy
	669!
	- ΔS= ∫12 dQ/T!	(from 1 to 2)! !	 (Entropy change in a reverse process)

	671!
	!	- ΔS= S2-S1= ∫12 dQ/T = ∫T1T2 m*c*(ΔT/T) = m*c*ln(T2/T1)
- Entropy in cyclic process: QH/TH + Qc/Tc = 0       (20.20)

	!
	         -“The total entropy change in one cycle of any Carnot engine is zero”(p672)

	674!
	-When all systems taking part in a process are included, the entropy either 

	!
	remains constant or increases. In other words: No process is possible in which 

	!
	the total entropy decreases, when all systems taking part in the process are 

	!
	included.

	676!
	- Microscopic expression for entropy: S = k*ln(w)  (see page 676!!) - ΔS = k*ln(w2/w1)       (20.23)


- dS=nR•ln(V2/V1)

Ch21 Electric Charge and Electric Field §21.1 Electric charge
	688!
	- One of the basic properties of the 

	!
	elementary particles of matter giving rise 

	!
	to all electric and magnetic forces and 

	!
	Interactions. The two kinds of charge are 

	!
	given negative and positive algebraic 

	!
	signs: measured in coulombs (C).



[image: ]r = distance between two q Fe = electric force Fg = gravitational force p = electric dipole moment T = torque d = distance between dipoles

!	- Electrostatics: the interactions of electric charges that are at rest.
	689!
	- Proton: Positively charged particle

	!
	- Electron: Negatively charged particle

	!
	- Neutron: Neutral charged particle

	!
	- Nucleus: The protons and neutrons make up the nucleus

	!
	- Mass of the electron=me = 9.109x10-31Kg

	!
	- Mass of proton=mp = 1.673x10-27Kg

	!
	- Mass of neutron=mn = 1.675x10-27 Kg

	690!
	- Atomic number: The amount of protons and electrons in an atom

	!
	- Positive ion: when an electron is removed

	!
	- Negative ion: the gain of a electron

	!
	- Ionization: Loss or gain of electrons

	!
	- Principal of conservation of charge: The algebraic sum of all the electric 

	!
	   charge in any closed system is constant.

	!
	- The magnitude of charge of the electron or proton is a neutral unit of charge


§21.2 Conductors, Isolators and Induced Charges
691!	- Conductor: The electricity runs freely though it
!	- Insulator: Electricity does not run through it
692!	- Induction: Plastic rod gives an object a charge by going close to it then !	grounding the opposite charge (without touching).
!	- Induced charges and Excess charges
§21.3 Coulomb’s Law
	693!
	- Point charges: Charged bodies that are very small in comparison with the 

	!
	distance r betweem them, coulomb found that the electric force is proportional to 

	!
	1/r2. 

	!
	- Coulombs law: The magnitude of the electric force between two point charges 

	!
	is directly proportional to the product of the charges and inversely proportional to 

	!
	the square of the distance between them.

	!
	- Force between two point charges: F=k*(|q1*q2|)/r2

	695!
	- Proportionality Constant: k = 9.0x109N.m2/C2 = 1/4piE0 

	!
	- Elemental/Fundamental Charge: e=1.602x10-19 C

	!
	- Fe=k*q2/r2

	!
	- Fg=Gm2/r2! !	G=6.67x10-11

	!
	!	- Fe/Fg=(k/g)q2/m2

	!
	!	!	- Used to determine gravitational force between particles

	!
	- Principle of superposition forces: Fresulting = F1 + F2 +…    (where Fn is the force a 

	!
	   qn exerts on the charge in question)


§21.4 Electric Field and Electric Forces
§21.5 Electric Field Calculations
703!	- E=F0/q0!	!	!	(see p703)
!	!	- F0=F1+Fn…..
· E=E1+En……
· ƛ; ds; dQ=ƛ*ds; ƛ=Q/(2πa)  Page 705 example 21.9
§21.6 Electric Field Lines
709!	- Figure 21.28
§
	699!
	- Electric field:E=F0/q0 (definition of electric field as electric force per unit charge)

	!
	- Fg=q0E (force exerted on a point charge q0 by an electric field E)

	701!
	· Source point: the location of the charge
· Field Point: Location of the point
· r is the unit vector that points from source point to field point.
· E = k*(q/r2)   (magnitude of electric field of a point charge)
· E= k*(q/r2)*r   (electric field of a point charge)

	!
	- r=(xi+yj)/r


21.7 Electric Dipole
	709!
	- Electric Dipole: a pair of point charges with equal magnitude but opposite 

	!
	charge.
· Electric dipole moment: p=qd (magnitude of dipole moment)
· T = (qE)(d*sinϴ)=p*E*sinϴ   (see figure 21.31)

	711!
	- T=p X E!	!	(torque in vector form)    (note: cross multiplication)

	!
	· W=p*E*cos(ϴ2)-p*E*cos(ϴ1)
· U = -p ･ E (Potential energy for a dipole in an electric field)   (note: dot 


product)
· Field of an electric dipole (see page 713, I’m going to bed!)
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Since strain is a pure number, the units of Young’s modulus are the same as
those of stress: force per unit area. Some typical values are listed in Table 11.1.

Table 11.1 Approximate Elastic Moduli
Material Young's Modulus, ¥ (Pa) _ Bulk Modulus, B (Pa) _ Shear Modulus, § (Pa)

Alumium 70% 10° 75% 10° 25% 100
Brass 90 % 10° 60 10° 35% 100
Copper 11 % 10 14 100 44100
Crowa glass 60 10° 50% 10° 25% 100
Tron 2% 10 16 % 10° 77 % 100
Lead 16% 100 41% 100 06 109
Nickel 2% 10 17 10° 78 100

Steel 2% 10 16 % 100 75 % 109
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Table 17.3 Approximate Specific Heats and Molar He:
(Constant Pressure)

it Capac

SpecificHeate  MolarMass, M Molar Heat Capacity, C
ubstance /K g fmol) fmolK)
Aluminum 910 00270 %6
Berylium 1970 000901 17
Copper 0 00635 28
Edanol 8 00461 e
Eihylene glycol 2386 00620 1480
e (oear 0°C) 2100 00180 8
o a0 00559 %3
Leat 130 0207 %9
Marbie (CaCO5) 9 0100 579
Mercury 138 0201 27
Salt (NaCl) 9 00585 En
Siler 234 0108 23

Water (iquid) 4190 00180 754




image10.jpg
Table 17.1 Coefficients of

Linear Expansion
Material

Aluminum

Brass

Copper

Glass

Invar (nickel-iron ally)
Quartz (fused)

Steel

alKor ()]

24x
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04-09 %
009
004
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Table 17.2 Coefficients of Volume Expansion

Salids
Alminum
Brass

Copper

Glass

ovar

Qurt (fused)
Steel

BKor (€)1

72%10%
60%10°
s1%10%
1227 % 10°
027 x 103
012 % 10
36% 10

Liquids
Ethanct
Carbon disade
Giyeerin

Mercury

BKlor (C)7"]
75 %10
s %10
%10
18X 10
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Table 17.5 Thermal Conductivities

Substance KV/meK)
Metals

Alumium 2s0
Baass 1090
Copper 3850
Lead 37
Mercury 83
Silver 4060
Steel 502

Solids (representave values)

Brck, insulating 015
Brick, el 08
Concrete 08
otk 004
Felt 004
Fiberglass 004
Glass 08

Ie 16
Rock wool 004
Styrofoam o027
Woad 01200
Gases

Air 002
Argon 0016
Helium 014
Hydrogen 014

Oxygen 0023
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Since strain is a pure number, the units of Young’s modulus are the same as
those of stress: force per unit area. Some typical values are listed in Table 11.1.

Table 11.1 Approximate Elastic Moduli
Material Young's Modulus, ¥ (Pa) _ Bulk Modulus, B (Pa) _ Shear Modulus, § (Pa)

Alumium 70% 10° 75% 10° 25% 100
Brass 90 % 10° 60 10° 35% 100
Copper 11 % 10 14 100 44100
Crowa glass 60 10° 50% 10° 25% 100
Tron 2% 10 16 % 10° 77 % 100
Lead 16% 100 41% 100 06 109
Nickel 2% 10 17 10° 78 100

Steel 2% 10 16 % 100 75 % 109
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Table 17.3 Approximate Specific Heats and Molar He:
(Constant Pressure)

it Capac

SpecificHeate  MolarMass, M Molar Heat Capacity, C
ubstance /K g fmol) fmolK)
Aluminum 910 00270 %6
Berylium 1970 000901 17
Copper 0 00635 28
Edanol 8 00461 e
Eihylene glycol 2386 00620 1480
e (oear 0°C) 2100 00180 8
o a0 00559 %3
Leat 130 0207 %9
Marbie (CaCO5) 9 0100 579
Mercury 138 0201 27
Salt (NaCl) 9 00585 En
Siler 234 0108 23

Water (iquid) 4190 00180 754
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Table 17.4 Heats of Fusion and Vaporization

Normal Melting
Point

Substance K c
Helium . .
Hydrogen s 25931
Nirogen s 20997
Oxyzen 5436 21870
Bl 159 114
Mercury 34 -3
Waer mis 000
Sulfur ) 119
Leat @05 3
Antimony s0365 050
Sitver 123195 96080
Goud 133615 106300
Coper 1356 1083

Heatof
Fusion, L
3ke)

586 % 10°
255 % 10°
138 % 100
1042 x 10°
8% 100
34 % 100
31 % 10°
25 % 10°
165 x 10°
883 % 10°
645 % 10°
134 x 10

Normal Boiling
Point
K c
4216 26893
2026 25289
34 1058
o0.18 1830
351 %
&0 37
amis 10000
75 4460
03 1750
s 1440
2166 203
233 2660
1460 87

Heat of
Vaporization, L,
[0
29 % 10°
42 100
200 % 10°
3% 10°
854 % 10°
mx10°
256 x 10°
326 % 10°
871 % 10°
561 % 10°
2336 x 10°
1578 % 10°
5069 % 10°

*A pressure in excess of 25 atmospheres i required to make helium soldify. At 1 atmosphere pressure, helium remains  liguid down 10 absolute zero.
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Table 18.3 Triple-Point Data
Substance Temperature (K) Pressure (Pa)

Hydrogen
Devterium
Nean

Nitogen
Oxygen
Ammonia
Catbon dioxide
Sulfur dioxide

Water

1380
186
256
68
5436
19540
20655
19768
7316

00708 x
0171 %
0432 %
0125 %

000152 x
00607 x
517

000167 x

000610 x

10
10°
10
10
10°
10
10
10
10°
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Table 19.7 Molar Heat Capacities of Gases at Low Pressure

< < G-cy

TypeofGas  Gas  (fmo'K)  (/md'K)  @fmoK)  y=Gjey

Monsonic He 247 2078 531 167
A 247 2078 531 167

Disonsic i 040 87 532 Lat
N 07 207 531 Lo
o, 035 217 531 Lo
o 085 16 531 L0

Polyatonic co; 2846 3694 528 130
503 513 w3 595 129

s 2595 360 865 13
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21.31 The net force on this electric
dipole i zero, but there is & torque directed
into the page that tends to rotate the dipole.
clockwise.
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21.31 The net force on this electric
dipole i zero, but there is & torque directed
into the page that tends to rotate the dipole.
clockwise.
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