Lab 1

Sunday, January 14, 2007

9:46 PM

 

Lab 1: Reflection and Refraction

 

Introduction

· What were the goals of the lab?
· To demonstrate the law of reflection
· Law of Reflection: the angle of incidence (incoming light) equals the angle of reflection
· To demonstrate the law of refraction
· Snell's Law (Law of Refraction):
· This says that when light is traveling through some medium (air) and it hits the surface of another medium (say an acrylic block), the angle between the ray of light and the normal will change (usually become smaller)
· To use Snell's Law to determine the indices of refraction of solid and liquid optical media
· To study the deviation of a light beam on passing through a transparent plate
· What is the index of refraction?  What did we assume about it for this experiment?
· Its formula is:
· Basically, it is defined as the ratio of the velocity of light in free space VS. velocity of light in the material
· We assumed that the index of refraction for all the different wavelengths of light in the visible spectrum was the same
· This allowed us to use an incandescent white light, which contains all the wavelengths, and assume a single index of refraction for the white light
· What else did we assume about the light source in this experiment?
· We assumed that the light coming from the incandescent light bulb was a series of straight lines, even though this may not be fully true
· However, since the dimensions of the experiment were large, diffraction and interference effects could be ignored
· Before the experiment started, how did we ensure that the light source was centered?
· We position the light source at the left end of the bench, and put the angular translator on the right
· The angular translator is just a thing that is on the bench which we can use to measure angles
· It has 3 main components:
· Angle plate: this is a fixed plate that sits on the optical bench and has angles on it (obviously the line through 0o and 180o runs parallel to the bench)
· Rotating table: the rotating table sits on top of the angle plate and is able to swivel freely on a vertical axis in the middle
· It has marks which allow you to tell how many degrees it is away from 0o, when you compare it with the angle plate
· Translator arm: this is also attached to the angle plate, and is able to swivel independently of the rotating table
· It also has a mark which tells you how many degrees it is off-center
· Then we placed and centered the viewing screen on the translator arm and then positioned the arm at the 180o mark
· The translator arm has "holders" so we can attach things to it -- so in this case we are going to attach a viewing screen on it so we can use it to look at stuff
· The 180o mark refers to its position relative to the angle plate: in this case, the translator should be on a line going parallel to the length of the bench, and on the far side of the angle plate from the light source
· Then we put a slit (allows a slice of light through) on a component carrier, then put the carrier on the rotating table at the 90o-270o mark.  Ensure that the slit is set up such that when you look at the light which it lets through using the viewing screen on the translator arm, the image is 1 cm off-center
· If you think about how the rotating table is set up, the 90o-270o mark is going to be perpendicular to the length of the table
· Rotate the table 180o and note the new position of the slit image.  If the positions are equally spaced about the center line of the viewing screen, the bulb must be central
· So we just rotate the rotating table half a revolution, which means that the slit should now be off-center to the other side
 

The Law of Reflection

· How did we study the law of reflection?
· OK, so what we do is we add a slit to the optical bench so that the light coming from the light source is in a single plane
· Note that before the slit was on the rotating table, but that was just for alignment purposes -- now the slit is on the bench, between the rotating table and the light source
· Also note that the distance ("d") between the slit and the center of the rotating table is the SAME as the distance between the first analyzer holder on the translator arm and the center of the rotating table -- this is because the slit is where the light "begins", and the first analyzer holder is where we will be measuring the "end" of the light
· Then instead of a slit on the rotating table, we put a mirror
· It is now very simple to tell what the angle of incidence is: remember there are parallel and perpendicular lines on the rotating table, and so if we look at the one which (originally) is at 0o and then look at where it goes as we rotate the table, we know that light is hitting the flat surface of the mirror at whatever angle
· Then we swivel the arm around the angle plate until the light which reflects off the mirror hits the viewing plate on the arm -- and when this happens, we can ALSO see how many degrees "off center" the arm is, and so we can figure out what the angle of the REFLECTED light ray is (look at the listing on the angle plate, then subtract from that the listing of the rotating table)
· So what we do is we look at several different angles for the rotating table, and then see what the reflected angles are using the translator arm: they should be the SAME!
· So we plotted the angles of incidence vs. the angles of reflection, and ensured that there was a straight line for them
· How did we ensure that the incident ray, normal to the reflecting plane (mirror), and reflected ray were all on the same plane (coplanar)?
· We made the slit horizontal and we used the viewing screen to look at how "high" it was, vertically
· And then we looked at the reflected ray of light to see if it was at the same height
· It should have been all the same…
 

The Law of Refraction (Snell's Law)

· How did we study the law of refraction?
· Well instead of the mirror on the rotating table, we take a block shaped like a semi-circle
· We position the block so that (at least initially) the light is hitting the flat side dead-on, like a 0o angle from the normal
· If you think about it, the light will come straight out the other side and so if we put the viewing screen right behind the block, it will see the light
· But then we start rotating the block and now, putting the viewing screen directly in the straight path of the light will NOT allow you to catch the light
· Instead, you have to realize that the path of light will bend as it goes through the block, and move the viewing screen accordingly
· The cool thing is that since the "back" surface of the block is curved, the light will hit the normal of the BACK surface at a 0o angle: this means that however much the angle of light changed, it was all due to refraction at the FLAT or "plane" surface
· As with last time, use the angle plate to see what the angles are coming in and going out
· We recorded incident angle, refracted angle, sin(incident angle), sin(refracted angle)
· Since we can rearrange Snell's Law like so (                                                 ), the slope of sin(incident) vs. sin(refracted) is the same as n'/n, and since n = 1, the slope is equivalent to the index of refraction of the acrylic block
· Explain how we looked at index of refraction for two different media.  What was interesting about the second one?
· Well we used the acrylic block, but then also we used distilled water
 

Refraction of Light Through a Plate

· How did we measure the refraction of light through a plate?
· OK, so we have the slit in front of the angular translator so the light is once again coming through in a single plane
· Then, we place a glass plate of known thickness on the rotating table
· The ray of light will be refracted a) when it moves from air into the glass, and then b) when it leaves the glass and moves out into the air again
· Because the light moves through the glass at an angle, the place where it enters will NOT be lined up with the place where it exits
· The lateral distance between the entry and exit points is what we want to measure, because then we can use the provided formulas (should probably memorize for the final exam) to figure out what the angles were
· Once we know what the angles are, we can figure out the index of refraction for the glass
· So what we do is we put a "scale" on the side of the glass plate which is AWAY from the light source -- it is a millimeter scale which we can use to see where the light is coming OUT of the glass plate
· At first, we set it so the light is coming straight through (0o angle to the normal) the glass plate and so when it leaves, it should be at the 0 mm "baseline" mark
· However, as we rotate the glass plate, the light rays will start to be refracted and so they will not leave the glass plate at the same lateral mark as where they came in -- we can use the millimeter scale to see how much they deviated, and from there we can figure out what the refracted angle was when the light passed from air into the glass
 

 

Lab 2

Saturday, January 20, 2007

1:20 PM

 

Lab 2: Simple Harmonic Motion on a Linear Air Track

 

SHM with Mass and Spring

· Describe the equipment set-up for this part of the experiment.
· The idea here was that we had a "linear air track", which is basically a track which a mass and spring can "slide" on
· We propped the air track up on one side to form a ramp, and the mass and spring system were at the top of the ramp
· Thus the equilibrium position for the mass was affected by gravity, as the mass slid down the ramp and was counteracted by the tension in the spring
· Briefly describe the equations which were used in this section of the experiment, how they were derived, and how they were used.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

· Explain each part of this section of the experiment.
· Firstly, we only used one spring between the mass and the "base"
· We displaced the mass/"glider" 2 cm and ALSO 3 cm from the equilibrium position and then observed the time required for 50 oscillations
· We used this to find the period, and then furthermore the spring constant (using the equations above)
· It (should have been)/was noted that for the 2 cm trial and the 3 cm trial, the periods (and spring constants, etc.) were the same
· Secondly, we attached 2 springs together in "series"
· We only did one trial, with a 2 cm displacement from equilibrium
· The idea with this one was to determine whether the following equation for springs in series was true:
· Lastly, 2 springs were connected in "parallel"
· Again only one trial was done (2 cm displacement)
· Again we wanted to confirm the equation for parallel springs:
 

SHM with Pendulum

· Draw a diagram showing how the pendulum was set up.  Give equations which demonstrate the relevant relationships in this experiment.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

· What is a moment of inertia?  Explain the TWO moments of inertia which were present in this experiment, and how they were related.
· A moment of inertia is a property of some (rotatable) object which affects the amount of angular acceleration resulting from a given amount of torque.  Here is the formula:
· On a given object, there can be multiple moments of inertia, depending on WHAT PART of the object is in question
· For the pendulum, there is a moment of inertia about its axis of rotation, and also one about its center of mass
· There is a theorem called the "parallel axis theorem", and it states that the moment of inertia about any axis that is PARALLEL to and a distance "b" away from the axis that passes through the center of mass is given by:
· This theorem applies to the pendulum because we can consider the moments of inertia about the actual axis, and also the center of mass
· Since we can now relate the moment of inertia for the center of mass (which we KNOW -- see formula above) to the moment of inertia for the rotation point of the pendulum, we can use the following equation to find "g":
· What is a "radius of gyration", and why do we care?
· Conceptually, the radius of gyration is the distance that, if the entire mass of the object were all packed together at only that radius, would give you the SAME moment of inertia. 
· That is, if you were to take the entire mass of the pendulum then pack it into two spots which were exactly "k" away from the center of mass of the pendulum, the pendulum would behave similarly, torque- and rotation-wise
· We care because we can compare the radius of gyration for the moment of inertia about the pendulum's axis of rotation, and ALSO its center of mass
· What did we actually DO during this part of the experiment?
· Firstly, we did a bunch of derivations (see above) to arrive at a formula which related T (period), b (distance between center of mass and axis of rotation), g (the gravitational constant), and k (the radius of gyration for the center of mass, also a constant): 
· This allowed us to measure T for various values of b (we just change the set-up so that the pendulum rotates on an axis closer or further away from the center of mass (which is of course in the middle of the pendulum)
· Then we put all these values on a graph where we plot T2b against b2 -- which, when we compare it to the general formula of a graph y = mx + b, looks like this:
· The slope of the graph is "m" or (                                  ), and so if we determine the slope by inspection we can solve for g
· After knowing g, there are various ways in which we can find k
· Notably, k should be the same as what we calculated earlier, and so we may find that there was some experimental error
 

DataStudio

· What was the general purpose of this part of the experiment?
· We used a computer program to GRAPH the movement of the linear air track (recall first part of the experiment)
· It is possible to make a position vs. time, velocity vs. time, and acceleration vs. time graph (the computer generates them all for you)
· Then we examined the graphs to see how closely their characteristics adhered to expected ones (see below for more details)
· Answer the following questions which were in the lab manual, and/or describe how we got the answers.
· How do you find the amplitude of the curves, and from there how do we get the angular frequency?
· Well the computer program tells us what the minimum and maximum amplitudes were (although of course they should be the same, in a model system)
· We find the average (for both the velocity and the acceleration) and then use the following formulas to find "w":
· How do we get the frequency of the "sine fit", and how should it compare to the angular frequency from above?
· OK, firstly you have to understand that the "sine fit" is just a "best fit" line for the points on the acceleration graph
· The program will tell us what the frequency of the best/sine fit line is
· We just then use w = 2  f to find the angular frequency
· With respect to the position, when does the maximum acceleration occur?  Does this make sense?
· It should occur when the position is at either extreme
· Find the value of the acceleration when the velocity is zero.  Is the acceleration value a maximum or a minimum?  Explain why this is the expected result.
· Acceleration should be a maximum at this point, because v = 0 when the mass is at either extreme (same as previous question)
· Would the frequency change if the amplitude were changed?
· No -- this is a property of SHM
· What are some formulas for position, velocity, and acceleration which would provide justification for the answers to these questions?  Show how they might be used.
 

 

Lab 3

Saturday, February 10, 2007

10:30 AM

 

Lab 3: Standing Waves on a Wire

 

Introduction

· Explain the equipment setup for this experiment, and how it allowed us to perform the different tests.
· The idea was that we had a wire clamped at both ends
· One end was passed over a pulley and attached to a weight, meaning that we could control the tension of the wire using the weight
· The other end was attached to a mechanical vibrator, so that we could control the frequency at which the wire was vibrating
· The idea is that we create a STANDING WAVE: the wave produced by the vibrator travels down to the end and reflects back along the wire
· If we get the frequency right (i.e. we are at a harmonic), the nodes and anti-nodes of the original wave will match up with the nodes and anti-nodes of the reflected wave, and we get a standing wave
· We also need to ensure that the oscillator frequency is the same as a resonant frequency of the wire in order for this to happen
· List the various formulas that are relevant to this experiment, and use them to explain the theory.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Investigation of the Dependence of f1 on T with L constant

· Very simple: what did we do here, and how did we do it?
· What we did was use different masses on the end of that pulley, to create different amounts of tension in the wire
· The idea was to see how f1 (the fundamental frequency) would change when we changed the tension
· The behavior observed should have been similar to this:
 

 

 

· Use equations to explain how we used the resulting data to make two separate graphs for finding u.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Investigation of Harmonic Frequencies

· What did we do here?
· We kept everything constant (wire length, tension, etc.) and simply changed the vibrator to see how many frequencies we could find
· Obviously, the frequencies were found when we saw the wire develop substantial patterns
 

Investigation of the Dependence of f1 on L with T fixed

· What did we do here?
· It was kind of the opposite of Part A: the idea was to keep the tension in the wire the same, but change the length of the wire to see how it affected f1 (the fundamental frequency)
· Explain how we derived the equations (the constant is different this time!) and made two graphs out of this.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Determination of the Volume Density of the Wire

· How did we do this?
· Firstly, realize that we are using this equation (which includes two values that we either know or calculated):
 

 

 

 

· So we calculated our u by taking the average of the 4 u values we calculated (remember we did 2 graphs for each of the 2 parts of the experiment)
· We also found the amount by which each of the u measurements differed from the average
· We did the same thing with d, or the diameter of the wire -- took 10 measurements and found the average, as well as each measurement's deviation from the average
· Then we just plugged in the average values into the formula to get a volume density, and compared it to known densities to identify the correct wire
 

Bonus Appendix: Log-Log Graphing

· Explain when we would use log graphs, and why it is more advantageous than normal graphs in those cases.
· We use log graphs when the data points we are plotting are all "logs" -- that is, perhaps our x values are something like log2, log9, log 4.5, etc.
· And our y values are in the same token log9, log2, etc.
· The point is that with a normal graph, we could take the logs of all these values (that is, find their actual numerical values) and then plot the points normally -- but this is time consuming
· Instead, what we do is use special "log" graph paper where all we need to plot is the numbers before the log function was applied to them
· That is, if we have a point (log9, log5) we can just plot it on the log graph at 9 and 5
· The reason this works is that the lines on the log graph paper are not equally spaced apart -- instead they are spaced in such a way that if we plot all the points in this manner, the line (and most importantly the SLOPE) will be identical to what we would get if we did it the "long" way
· Is there a problem if the logs we are using are not of base 10?
· This is actually not a problem because what we do is convert all the logs to base 10 using the following formula: logkx = logk10 * log10x, where k is the base that we originally had it in
· This means that we can transform ALL our data points into log base 10, simply multiplying them each by a CONSTANT (logk10)
· When it comes time to plot them on the graph, we actually don't even need to multiply them by the constant while plotting because in any calculation we do (most likely SLOPE), the constants will cancel out
· Note that this only applies if the bases are the SAME for the ordinate (y) and abscissa (x)
 

 

Lab 4

Sunday, February 25, 2007

11:02 PM

 

Lab 4: Multiloop Circuits and Kirchoff's Rules

 

The Investigation of a Multiloop DC Circuit

· What are Kirchoff's 2 rules?
· #1: Conservation of Charge -- the algebraic sum of the currents entering and leaving any junction in a circuit must equal 0
· Note that a junction is any point where at least 3 circuit paths meet
· #2: Conservation of Energy -- the algebraic sum of voltages around any closed loop must equal 0
· Remember that a voltage source (usually battery) "adds" voltage (unless it is backwards), while a resistor takes away voltage (thereby generating power according to P = I2R, although that is neither here nor there)
· Recall the equation V = IR, which tells us what the voltage "drop" will be across a resistor, provided that we know the current and the resistance
· What was the circuit set-up like for this first part of the experiment?
 

 

 

 

 

 

 

 

 

 

 

 

· Note that one of the sources was a fixed voltage supply (i.e. we did NOT vary its voltage) whereas the others were adjustable voltage supplies
· During this part of the experiment, what did we do?
· Firstly we measured the resistance for each of the resistors shown above, using a digital multimeter
· Note that a multimeter is just an all-in-one ammeter (measures current), voltmeter (measures voltage), and ohmmeter (measures resistance)
· Secondly we measured the voltage drop across the resistors by activating the "voltmeter" function of the digital multimeter (DMM) and placing one probe on the wire on either side of the resistor
· The idea was to combine the voltage and resistance information we now knew for each resistor to figure out the current going through each resistor (later we explain how this was done)
· Lastly we measured the voltage across all the components (resistors AND the voltage sources i.e. batteries) by the same method
· The idea is to ensure that the voltages within each loop add up to 0
· How do the red and black wires work?
· We have to realize what the colors of the DMM's wires mean: think of it like, we are using the "voltmeter" function on the multimeter, which tells us the voltage difference between the points -- and calculates this by taking the voltage at "red" and subtracting from it, the voltage at "black"
· Now also add in the fact that charge flows from higher voltage to lower voltage
· Now we can take a reading and interpret from it the direction that charge is flowing in
 

Charge of a Capacitor

· What is the circuit set-up for this part of the experiment?
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

· Use equations to explain how we arrive at an equation that allows us to relate the charge of a capacitor with time.
 

 

 

 

 

 

 

 

 

 

 

 

· What is RC and why do we care?
· RC is important to us because we see it as a term in the following equation (which shows how the voltage of the capacitor changes with time):
 

 

 

 

· If we say that "RC" seconds have passed, then we sub in t = RC in this equation, and note that the resulting voltage of the capacitor is E x (1 - 1/e)
· Thus the unit of time "RC" is important to us, because we know EXACTLY how much the voltage will increase by after this much time
· Now show how we came up with an equation to graph.
 

 

 

 

 

 

 

 

 

 

 

 

 

· In terms of procedure, what did we actually do here?
· Well the big idea was to see how long it took the capacitor to charge up to certain voltages
· We worked with the following formula (as derived above):
 

 

 

· We opened and closed switches SW1 and SW2 to alternately charge up the capacitor (we recorded how long this took) and discharge the capacitor (through the DMM, not the resistor…right?)
· Thus we had data points for voltage and time, and we could plot them on the graph.  Since it was on semi-log paper (one axis is in log and the other is regular), it should form a straight line which we could use to find the capacitance (C) of the capacitor
 

Discharge of a Capacitor

· Show a diagram which has the setup for this part of the experiment.  What are some special notes to make?
 

 

 

 

 

 

 

 

 

 

 

· Note that we can charge up the capacitor by closing Switch 2 (allow it to receive energy from the power source) and opening Switch 1 (prevent it from discharging through the resistor R)
· But then when we open Switch 2 and close Switch 1, we have the capacitor discharging through two resistors in parallel
· Show the relevant equations, especially how we get the one which we end up using to graph the data points.
 

 

 

 

 

 

 

 

 

 

 

· What did we actually do during this part of the experiment?
· We alternately opened and closed switches to charge up the capacitor (to 4.5 V), then record how long it took to discharge down to another voltage
· Thus we had a set of data points relating start voltage, end voltage, and time -- and we fed them through the following formula to come up with something to graph:
 

 

 

 

 

· What should we have noticed about the last two graphs we made?
· The two graphs we made should have had the SAME lines, because they both have NO y-intercept and the SAME slope (log e / R * C)
 

Capacitors in Series and Parallel

· Very briefly, what is a capacitor and how do they differ in parallel and series?
· Simply put, it is a device that stores energy
· It is composed of two metal plates that are close but not touching
· When voltage is applied to the capacitor, one of the plates acquires a positive charge and the other acquires a negative charge
· For now, the charges cannot go anywhere (i.e. jump to the other plate) because it is very hard to discharge through the air
· In fact the capacitor's ability to store charge is represented by the formula C = Q / V
· C is the "capacitance"
· Q is the amount of charge on each plate (-Q and +Q)
· V is the voltage (amount of energy) stored by the capacitor
· However when wires are connected such that the charges on the positively charged plate have a pathway to travel to the negatively charged plate, they will do so and the capacitor will thus "discharge"
· Capacitors can be linked up to each other, in which case the "overall" capacitance is shown as follows:
· Parallel:
 

 

· Series:
· Show how we arrived at a shortcut that will allow us to complete the rest of the experiment more quickly.
· OK it comes back to thinking about this formula:
 

 

 

· What if the "end voltage" (V) we were going for was 1/2 V0?  Then we can re-write the equation as follows, and end up with essentially a constant number that tells us how long it will take to the voltage to fall to half of its original value (essentially we measure its half-life):
 

 

 

 

 

· What did we actually do during this part of the experiment?
· We used the above equation to quickly find half-life values for 2 capacitors on their own, in series, and in parallel
· Then we compared the experimentally derived parallel capacitance with the theoretically derived one (i.e. just adding the single capacitances) and did the same with the series ones
 

 

Lab 5

Friday, March 16, 2007

11:36 AM

 

Lab 5: Thin Lenses

 

Introduction

· What is a lens?
· It is an optical system with 2 or more refracting surfaces
· Talk about focal points with lenses.
· Each lens has 2 focal points:
· The "first focal point" is the point at which all the rays coming out of that point and hitting the lens at any angle will come out the other side PARALLEL to each other
· The "second focal point" is the point at which all parallel rays entering the lens will converge as they come out of the other side of the lens
· Notably, if the refractive index ("n") on either side of the lens is the same (i.e. the medium is the same), the first and focal points will be equal to each other
· What are the sign conventions which we will use in this experiment?
· Figures are drawn with the light coming from left to right (i.e. the light ray "arrows" will be going from left to right)
· Object distances ("s") are positive when they are measured to the left of the lens, and negative when they are on the right
· Image distances ("s' ") are positive when they are measured to the RIGHT of the lens, and negative when they are measured to the left
· Both focal lengths are positive for a converging system and negative for a diverging system
· A converging lens is one where parallel rays of light passing through will result in convergence on a single spot, and diverging is the opposite
· Object and image distances are positive when measured upward from the axis and negative when measured downward
· All convex surfaces encountered have a positive radius and all concave surfaces encountered a negative radius
· Note that convex = converging, concave = diverging
· What is the Lens Maker's Formula?
 

 

 

 

 

 

· Basically, it relates the different properties of a lens together: the focal length, the index of refraction of the lens, and the radius of curvature for each side of the lens
· Give another formula to see how the focal length may be used to calculate the location at which an object will appear.  What is this formula called?
 

 

 

 

 

· This is known as the "Gaussian" form of the lens equation
· Draw a diagram and illustrate how we arrive at certain relationships which will be tested throughout the course of the experiment.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Measuring Focal Lengths

· What was the objective of this part of the experiment?
· Recall that when the index of refraction of the medium on either side of a lens is the same, then the first focal length and the second focal length should also be identical
· Therefore we first measured the second focal length and then the first focal length, for two types of lenses (double convex and plano convex [convex on one side, flat plane on the other])
· We found the second focal length using two different methods (one was precise, the other was more approximate)
· We found the first focal length using one method (generally precise)
· Then we compared the focal lengths we found -- theoretically they should be the same!
· Discuss the 2 methods which were used to measure second focal length.
· Recall that second focal length is the point where all parallel rays passing through a lens will converge
· So we used a lens and set up a "viewing screen" on one side of it to capture whatever image passed through the lens.  The idea was that when the image on the viewing screen was minimized, it was "maximally focused" and so this is the point where all the rays converge, making a tiny image
· Thus we used 2 different "sources" for the image:
· In Method I we picked a random object outside the window -- the point was that the object had to be far away, because the further something is, the more that the light rays emanating from it are positive
· In Method II we just used a light source on the optical bench, so it was much closer than the "infinitely far away" object and so this was not as accurate
· In any case, once we get an image we just measure the distance between the center of the lens and the viewing screen, and that is our focal length
· Discuss how we found the first focal length.
· OK, this is almost the opposite to the second focal length measurement because we want our "source" to be a single point but we want the rays coming out from the lens to be parallel
· We achieve the "single point source" requirement by using a line filament for light, which (horizontally speaking) is a point source
· We achieve the "parallel lens" requirement when the SAME image (including SIZE) is projected onto the viewing screen regardless of how far the viewing screen is from the lens
 

Verifying the Thin Lens Equation

· What are some special relations we see when the magnification is -1.0?  State them, and then show how they can be used to derive an additional formula.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

· So what did we do in this section?
· We set up a lens (first plano-convex and then double convex), a "cross-target source", and a viewing screen such that s = s', as per the conditions shown above
· Then we measured various values to confirm that all the relationships predicted by the lens equation were true
· We measured: s, s', |f|, y, y', and M
· We also took the values and then used the following formula to find the radius of curvature for the lenses:
 

 

 

 

· Note that as expected, the radii of curvature for a double convex lens were R1 = -R2, and for a plano-convex lens, R2 = infinity
 

Verifying the Magnification Formula

· What did we do here?
· We compared actual and theoretical values of magnification for different configurations of screen/lens/object positions
· The actual magnifications were directly calculated, while the theoretical ones were derived through formulas
· For each configuration we also measured s, s', x, x', -s'/s, y'/y, -f/x, and -x'/f'
