Review for the AP Physics B Test
One-Dimensional Motion

· The kinematics equations are used to relate displacement, velocity, and acceleration whenever acceleration is constant.  Motion graphs can be used to determine instantaneous (slope of the tangent line) or average (slope of the secant line) speed and acceleration and to determine displacement (area under the velocity vs. time graph).  In the absence of air resistance, all objects, regardless of their mass or volume, dropped near the surface of a planet fall with the same constant acceleration called free fall acceleration (acceleration due to gravity or g). 
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Projectile motion
· Projectile motion refers to the motion of objects that are thrown or launched at an angle to a force such as gravity (electric field for a charge).  Projectiles follow parabolic trajectories.  In analyzing projectiles, remember the following: 
1. Analyze motion in the horizontal (x) independently of the vertical (y) 
2. No acceleration in x (ignoring air resistance); acceleration in y is gravity
3. Time of flight relates x and y
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Forces
· Newton’s 1st law ((F=0) indicates that an objects motion will remain unchanged if there are no external forces acting on it or if the vector sum of the external forces is zero (object is in equilibrium).  If the forces are not balanced, then Newton’s 2nd law ((F=ma) indicates that the object must accelerate with a magnitude that is directly proportional to the net force and inversely proportional to mass.  Newton’s 3rd law (F12=-F21) states that whenever an object exerts a force on a second object, the second object exerts an equal and opposite force on the first object.  To solve force problems, 
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Draw a free body diagram analyzing forces in the x and y directions independently.
2. Write equations for each axis using either (F=0 or (F=ma depending upon whether or not the object is accelerating along the axis.  Remember that an object moving in a circle is always accelerating (centripetal). 
3. Solve equations for unknowns.

Forces commonly drawn of free body diagrams include gravity (weight if close to earth’s surface), normal, friction, tension, buoyant, elastic, electrostatic, and magnetic.  Gravity and electrostatic force follow the inverse square law.  Friction is proportional to the normal force and is either static or kinetic. 
Fg=Gm1m2/r2

Weight = W=Fg=mg
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Fbouy= Weightdisplaced fluid =(Vg
FB=qvB sin(

FB=BIl  sin(


Fs=-kx
Centripetal Acceleration 

1. An object moving in a circular path is always accelerating (centripetal – “center seeking”) even if its speed is constant.  Centripetal acceleration is always perpendicular to the velocity and always points towards the center of the circular path.  If the force that is producing the circular motion is removed the object flies off tangent to circular path.
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No work is done by “centripetal force” since force is always perpendicular to displacement (speed and kinetic energy remain constant).
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Work, Power, and Conservation of Energy
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Work (scalar quantity) is done by the component of the force parallel to the displacement, W = F·d = Fdcos( , and can either be positive or negative depending upon whether the force and displacement are in the same direction or in opposite directions.  If either the positive or negative work done on an object is greater than the other, net work is done on the object and its speed must change.  The net work done on an object is equal to the change in kinetic energy (Wnet=(K).
2. Power is the rate of doing work, P = W/t = Fv.
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Energy is always conserved.  If nonconservative forces are negligible, total mechanical energy is conserved allowing position and/or speed to be found by comparing changes in potential (gravitational, elastic, electrical) and kinetic energies.
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Impulse-momentum Theorem and Conservation of Momentum
1. Impulse (F(t) = change in momentum ((p) = area under F vs t graph.  A change in momentum over a longer time requires less force.  This is the reason why an egg dropped on a pillow does not break while an egg dropped from the same height onto concrete does break.
2. Conservation of momentum is typically used to analyze collisions, explosions, etc.  Momentum is a vector quantity so make sure to take into account direction and analyze x and y independently.
3. In inelastic collision p is conserved, but K is not; in elastic collision both p and K are conserved.
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Simple Harmonic Motion
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Simple harmonic motion is repetitive motion that follows Hooke’s Law.  We focus on springs and simple pendulums.
1. Force is not constant (therefore acceleration is not constant) but varies with displacement according to Hooke’s law (F=-kx).  F and a are maximum at amplitudes and 0 at equilibrium; v is maximum at equilibrium and 0 at amplitude.  Umax occurs at the amplitude and Kmax occurs at equilibrium. Since acceleration is not constant use conservation of energy to solve for speed.
½ kA2 = ½ mvmax2
2. Period is not dependent upon amplitude.  Period of a pendulum is dependent on length and gravity  Period of a spring is dependent on mass and spring constant.
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Fluids

1. Fluids are materials that flow (liquids and gases.
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Mass density of any substance is its mass divided by its volume ((=m/V).  The units of density are kg/m3.  
3. Pressure is defined as force per unit area (P=F/A).  The units of pressure are N/m2 = Pa 
4. Pressure increases with depth due to the weight of fluid above ((P=(g(h).  Gauge pressure is the change in pressure relative to atmospheric pressure (calculated by (P=(g(h).  Absolute pressure is the total pressure in a fluid which must include atmospheric pressure (P=Patm+(gh).
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Pascal’s principle states that if the pressure at one point in an incompressible fluid is changed, the pressure at every other point in the fluid changes by the same amount.  Pascal’s principle explains why only a small force is required to lift a massive object with a hydraulic lift.  Look at the diagram to the right.  Because the pressure is equal at equivalent heights, the forces exerted on the pistons are related by F1/A1= F2/A2 and the unknown mass must be 1.0 kg. 
6. Archimedes’ principle states that the magnitude of the buoyant force equals the weight of the fluid that the immersed object displaces (Fbuoyant=Wdisplaced fluid=(Vg). If an object floats, the net force on the object must be zero and the weight of the object must equal the buoyant force which also must equal the weight of displaced fluid.  
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The equation of continuity is a result of conservation of mass; what flows into one end of a pipe must flow out the other end, assuming there are no additional entry or exit points.  Since mass is conserved, the speed of fluid flow must change if the cross-sectional area of the pipe changes (A1 v1 = A2 v2).  As the diameter of a pipe decreases, speed increases.
8. Bernoulli’s principle is a result of conservation of energy in dynamic fluids; if kinetic energy (velocity) changes and/or if gravitational potential energy changes, pressure must change accordingly for energy to be conserved.  Therefore, if fluid speed increases, pressure must decrease.
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Thermal Physics
1. Most materials expand when heated and contract when cooled with the change in length being proportional to both the temperature change and the initial length (L = (Lo(T.
2. Temperature of a gas is directly proportional to the average kinetic energy of the particles and, since kinetic energy is proportional to velocity squared, temperature is proportional to velocity squared (Kavr(T and T(v2)
3. Rate of heat transfer depends upon cross-sectional area, temperature difference, and length H(A(T/L.
4. The ideal gas law is an equation that relates the pressure of a gas to the number of particles, volume, and temperature of the gas.  In physics we always work gas problems in SI units so make sure your units are consistent PV=nRT.
5. Thermodynamics is the study of the fundamental laws that govern heat and work.  The basic concepts of the four laws are:
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Zeroth law – temperature (thermal equilibrium)

2. First law – conservation of energy (U = Q + W
3. Second law – entropy

4. Third law – absolute zero

6. P-V diagrams are often used for analyzing thermodynamic processes.  The four thermal processes are
1. Isothermal (constant temperature so PV remains constant as well (Fig. 1); heat added to a system is removed from the system as work; work done on a system is removed as heat; (T = 0 so (U = 0 and 

Q = -W

2. Isobaric ( constant pressure (Fig. 2); isobaric expansion, horizontal arrow to right, occurs when heat is added to the gas, work is done by the gas, and the internal energy (temperature) of the gas increases; reverse the arrow and you have isobaric compression
3. Isochoric or isovolumetric ( constant volume (Fig. 3); no work done on or by the system; (V=0 so W=0 and
 (U = Q
4. Adiabatic ( no energy transferred as heat so change in internal energy is equal to work; Q = 0 so
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7. A cyclic process is one in which the system undergoes thermodynamic changes and returns to the same conditions at which it started.   Cyclic processes such as heat engines and refrigerators can be understood by analyzing their respective P-V diagram.  Heat engines do positive work on the environment and the cycle is clockwise.  The reverse is true for refrigerators. 
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8. Efficiency (symbolized by e) is a ratio of the work output to the work input.  The efficiency of a Carnot engine is the maximum efficiency that an engine operating between two fixed temperatures can have and is found by the difference between the two temperatures divided by the high temperature.
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Electricity

1. The electrostatic force is proportional to product of two charges and follows the inverse square law F=kq1q2/r2. Electric field is force per unit charge (E=F/q=kq/r2) and points in the direction of the force on a positive charge.  Forces and fields are vector quantities so if two or more charges are present the net electric field is the vector sum.
2. [image: image42.png]


Electric potential (voltage) is energy per unit charge V=UE/q.  Electric potential is a scalar quantity so the potential difference due to two or more charges is found by simply adding (or subtracting) the potentials due to each charge. 
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3. Conductors in electrostatic equilibrium ( charge resides entirely on the surface and is distributed according to the shape of the conductor with a greater concentration where radius of curvature is small.  The electric field inside is zero.  On a sphere, E=kq/R2 at the surface and decreases by the inverse square law as you move away. 
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The charge stored on a capacitor is directly proportional to the voltage Q(V. Capacitance is the constant of proportionality Q=CV.  Capacitance for a capacitor does not depend on Q or V.  Capacitance depends upon the area of the plates, distance between the plates and the dielectric C((A/d.  The electric field between the plates of the capacitor is directly proportional to the voltage V=Ed.
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5. A source of emf (battery or generator) maintains the constant potential difference in a circuit.  If the battery’s internal resistance is not negligible, the internal resistance is treated as resistor connected in series with the external circuit.  Ohm’s law relates voltage and current V(I.  Resistance is the constant of proportionality V=IR.  Resistance depends upon temperature, material, cross-sectional area, and length R=(l/A.  When resistors are connected in series total resistance increases and current in the circuit decreases. In series, current through all elements is the same and the potential drops (voltages) across each resistor add to equal the emf.  When resistors are connected in parallel, total resistance decreases and the current in the circuit increases.  In parallel, potential drop (voltage) across each resistor is the same and the currents through each path add to equal the total current.  For capacitors in circuits, the concepts are similar to resistors except we typically relate charge instead of current and to find equivalent capacitance the computation is opposite of resistors.
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Magnetism
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Magnetic field lines point in the direction that the north pole of a compass needle would point (north to south).  Magnetic field lines around a current carrying wire are circular (perpendicular to the wire) and the direction can be found using the right hand thumb rule. The magnitude of the field is directly proportional the current and inversely proportional to distance B(I/r.  The magnitude of the magnetic field of an electromagnet (solenoid) is proportional to current and number of loops B(nI and the direction can be found using the right hand thumb rule.

2. [image: image59.png]


A charged particle moving perpendicular (or has a component perpendicular) to a magnetic field will experience a force that is perpendicular to both the field and velocity.  The magnitude of the force depends upon the charge, speed, and strength of the field F=qvB sin( and the direction of the force is found using the right hand rule (left hand for negative charges).  If there is no other force (such as an electric force) to balance the magnetic force, the magnetic force will always produce centripetal acceleration (circular motion) changing only the particles direction, but never the particles speed or kinetic energy qvB=mv2/r. An electric field of proper strength (qE=qvB so E=vB) can be applied perpendicular to the magnetic field to cause the charge to move in a straight line path
3.  A current carrying wire perpendicular to an external magnetic field will experience a force F=BIl sin( with the direction being found by using the right hand rule.  Two parallel current carrying wires will exert forces on each other that is attractive if the currents are in the same direction and repulsive if the currents are in opposite directions.
4. Electromagnetic induction is the process of inducing an emf (voltage) and consequently a current in a circuit by a change in magnetic flux.  Magnetic flux is the product of the magnetic field and the area through which the magnetic field lines pass (m=AB cos(.  Faraday’s law of induction states that the magnitude of the induced emf depends upon the rate of change in magnetic flux ((=((m/t).  For a rod moving perpendicular to the field the emf can be found by ε = BLv.   The current is found with Ohm’s law V=IR or (=IR.  The direction of induced current is found by applying Lenz’s law which states that the induced current’s magnetic field opposes the change in flux. 
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Wave motion

1. v=( f ( speed of a mechanical wave depends upon the medium.  All electromagnetic waves travel at c.

2.  Doppler effect alters ( and f, not v.
3. Interference and diffraction are characteristic properties of waves. Double slit interference ( if the path difference is a whole multiple integer of ( then constructive interference (bright fringes) occurs; ½( multiples result in destructive interference; d sin( = m(; tan(=mx/L.  Single slit diffraction produces a large central maximum and smaller second, third, etc. maximums.  Thin film interference can produce either constructive or destructive interference depending on whether the thickness of the film is ½ or ¼ of the wavelength.


4. Resonance and standing waves ( fundamental frequency for waves on a spring or open pipe resonators is ½ ( = L and all harmonics are present; fundamental frequency for a pipe closed at one end is ¼ ( = L and only odd harmonics are present






Light and Optics

6. When light travels from one medium to another, some or all of the rays may be reflected, refracted, or absorbed.  If the ray is reflected, the angle of incidence equals the angle of reflection.  If the ray enters the second medium at any angle other than straight on, the ray refracts due to a change in speed.  The amount to which it bends depends upon the change in speed which is related by its index of refraction n=c/v.   If the speed increases, the ray is bent away from the normal; if the speed decreases, ray is bent towards normal.  When the speed changes frequency does not change, thus wavelength must also change.  Total internal reflection will occur if the incident angle is greater than the critical angle.

7. The type of image produced by a spherical mirror or lens depends upon whether the mirror or lens is converging (concave for mirrors and convex for lenses air) or diverging (convex for mirrors or concave for lenses in air).  Diverging mirrors or lenses always produce smaller, virtual, upright images, but the type of image formed by a converging mirror or lens depends upon the location of the object relative to the focal point.  If the object is beyond 2f (C for mirrors), the image is inverted, real, and smaller.  If the object is between 2f and f, the image is inverted, real, and larger.  At the focal point no image is produced.  If the object is in front of focal point, the image is upright, virtual, and larger.   
8. Ray diagrams ( incident rays parallel to principle axis are reflected (or refracted) through the focal point; incident rays that pass through the focal point are reflected (or refracted) parallel to principle axis.  With lenses, rays through the center do not bend.  With mirrors, rays aligned through the center of curvature reflect back upon themselves.

9. Sign conventions for mirrors and lenses ( for real images di is + and M is – (inverted).  For virtual images di is – and M is + (upright).  Both converging mirrors (concave) and converging lenses (convex) have a positive focal point and both diverging mirrors (convex) and diverging lenses (concave) have a negative focal point.

Atomic and Nuclear

1. Wave-particle duality ( photoelectric effect, Compton effect, and line spectra demonstrate the particle nature of light (electromagnetic radiation).  Diffraction and interference demonstrate the wave nature of matter (electrons, neutrons, etc.).
2. Energy and momentum of a photon is directly proportional to frequency (inversely related to wavelength) E(f, E(1/(, E=pc, E=hf=hc/(. The photoelectric effect occurs whenever light of sufficiently high enough frequency (energy per photon) is incident on a metal surface causing electrons to be ejected from the surface.  Intensity (photons per second) is irrelevant.  The work function is the minimum amount of energy required to remove the electron and any additional energy can be seen in the maximum kinetic energy of the ejected electrons.

3. Line spectra ( energy of a photon absorbed or emitted from an atom corresponds to the transition of an electron between energy levels.  Higher frequencies (shorter wavelengths) correspond to longer arrows (more energy).
4. Momentum, energy, and charge are conserved in nuclear reactions.   The rest energy of a particle is found by E=mc2 and the binding energy of the nucleons is equal to ((m)c2 where (m is the mass defect and (E=((m)c2.   Alpha decay emits a helium nucleus (mass # down by 4 and atomic # down by 2), beta minus emits an electron from a neutron (atomic # goes up by 1), beta plus emits a positron (atomic # down by 1), and gamma decay neither changes mass nor atomic #.  

Fg





N





f





-x





+x





x=0





m





m





m





Capacitance depends upon the area of the plates and the distance between the plates.   C(A/d





The slope of a position vs. time graph is velocity, and the slope of a velocity vs time graph is acceleration.  The area under the curve of a velocity vs time graph is displacement.  If an object is accelerating the position vs time graph must be curved.





v=vo + at


x= vot + ½at2


v2= vo2 + 2ax





x – component 	y – component 


    x= vxt	 	 vy = voy + gt


			 y= voyt + ½gt2


 vy2= voy2 + 2gy








If the object in undergoing uniform circular motion (constant speed), then the speed can be found by circumference divided by period.


v=(x/t=2(r/T=2(rf


The magnitude of the centripetal acceleration is found by 


ac = v2/r


and the direction is always towards the center of the circular path.





� EMBED Equation.3  ���
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Work is equal to the area under a force vs displacement graph.








Conservation of mechanical energy ( Ki  + Ui  = Kf + Uf





Ug = mgh	Us= ½ kx2		K = ½ mv2


UE = qV		� EMBED Equation.3  ���		
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The direction of the induced current is such that it produces a magnetic field that opposes the changing external field





The current flows down across the resistor when the rod is moved to the right.  ε = BLv and (=IR so I=BLv/R











A counter clockwise current is induced in the coil as it is moved out of the field.  (=A(B/t and (=IR so I=AB/(Rt)





The equivalent resistance for this combination of resistors is 3(.  The current through the 10( resistor is 2A so the potential drop across it is 20V.  So when the switch is closed and the capacitor is fully charged the potential drop across it will also be 20V.





Resistors in parallel


Vtotal=V1=V2


Itotal = I1 + I2


� EMBED Equation.3  ���





Resistors in series


Itotal = I1 = I2 = I3.


Vtotal=V1+V2


Req=R1+R2








Capacitors in parallel


qbattery=q1+q2      


Vbattery=V1=V2


Ceq=C1+C2





Capacitors in series


qbattery=q1=q2      


Vbattery=V1+V2


� EMBED Equation.3  ���





The electric field between the plates of the capacitor is directly proportional to the voltage V=Ed.








ac





The electric potential at the center of the square in the diagram to the left is zero since potential is a scalar quantity.  The electric field is not zero and can be found by vector addition.  The direction of the electric field is to the right.
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In analyzing cyclic processes, remember the following. 


The change in internal energy for one cycle is 0 since the system returns to the same starting conditions.


 (T = 0 so (Ucycle = 0


The net work done on the gas for one cycle is the area enclosed by the curve on a P-V diagram. And since the change in internal energy is zero, the net work must equal the net heat exchanged.


	Wnet = -Qnet = area enclosed











 In analyzing P-V diagrams you should always  remember that 


Work is equal to the area under the curve W=-P(V.


Changes in pressure, volume, and temperature can be found using PV=nRT.


Temperature increases as you go right and/or up.  Find temperature with PV=nRT.


Internal energy is directly proportional to temperature.  If temperature changes so does internal energy U=3/2nRT.


Work, heat, and internal energy are related with the law of conservation of energy (U = Q + W. 


Q and W are path dependent but (U is path independent and only depends on (T since U(T
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d sin( = m(


tan(=mx/L


d=slit separation; for a diffraction grating, d=1/(# of slits per unit length)








If the wave is inverted at only one boundary, a film thickness of ¼ ( leads to constructive interference.  If the wave is inverted at both boundaries, a film thickness of ¼ ( leads to destructive interference.
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For a string fixed at both ends and a tube open at both ends


½ ( = L @ fo


All harmonics are present.





For a pipe closed at one end


¼ ( = L @ fo


Only odd harmonics are present.








If the ray is reflected, the angle of incidence is equal to the angle of reflection.  If the ray is transmitted, the angle of the refracted ray is found using Snell’s law (� EMBED Equation.3  ���).








Kmax=hf -(


(=hfo


( = work function 


fo = threshold frequency (x intercept)
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Alpha  decay – mass # decrease by 4; atomic # decreases by 2


�	


Beta minus decay – atomic # increases by 1	


�	


Beta plus decay – atomic # decreases by 1


�		


Gamma decay – no change in mass # or atomic #























Spectral lines correspond to the energy of the photon emitted as the electron falls from one energy level to another.





Mirror and thin lens equation     Magnification


           � EMBED Equation.3  ���	        � EMBED Equation.3  ���	








� EMBED Equation.3  ���
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