Introduction

In the laboratory sessions for Conceptual Physics, you will be exploring quantitatively the concepts and theories discussed in the lectures and the text. The experiments contained in this manual are intended to impart an appreciation for the fact that these various theories and theoretical results are indeed correct and consistent with the actual workings of nature.

Before arriving for a lab session, it is important that you read the description of the lab to be performed that day. This will greatly decrease the amount of time that you need to spend in the lab! To conduct each lab, you will form groups of two or three (depending on the number of lab setups). Each person in a group is to actively contribute to the experiment. The emphasis in these labs is to explore physical laws and not to practice the writing of self​-contained laboratory reports, with the usual introduction, experimental setup description, data, results, and conclusion sections. To this end, you will simply fill in the indicated areas of the experiment description and answer any questions that are posed (neatly!). You will have plenty of time to conduct each experiment. Don't rush! Take time to carefully acquire data and interpret the results, and you are especially encouraged to think up (and do) variations of your own. After completing the lab, carefully cut out the pages of the manual dealing with that experiment, staple together, and hand in to your instructor.

     Technically, data should always be taken with a pen. You are encouraged to do that here as well, but a pencil is acceptable. You will need to bring a pen or pencil (s), calculator, ruler, some scratch paper, and-of course-this lab manual to each session.

Gravity vs. Air Resistance

Equipment

2 meter stick  1 meter stick   stopwatch    tennis ball    coffee filters(~10)

The Experiments

Gravity

You will measure g the acceleration due to gravity. You must use the equation we all know and love

      d=
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Do you remember what the letters in the equation represent? You need the 2 meter stick, tennis ball and stopwatch for this. Using the 2 meter stick, measure two meters up from the floor and mark that spot in the air. Drop the tennis ball from 2 meters and measure the time it takes to fall to the floor with the stopwatch. Do this four more times (perhaps alternating turns at the stopwatch and tennis ball drop). Use the space below to write down your 5 times. Then calculate the acceleration for each of your five times using the equation above (you'll need to rearrange it so that a = 2d/t2). Since the force accelerating the ball is gravity you just have that a = g. You can then calculate an average value for 9 (remember? ... add them all up and divide by five). Don't forget about units! Units are extremely important in all your measurements and calculations - sometimes you can tell just from the units if your answer is incorrect. In every experiment you should be very careful to write down unit with every number that needs them

. t1= ______ → a1=_______       t2= _______→ a2 = _______     

  t3 =______ → a3 =_______       t4 =_______ → a4 =_______

  t5 = ______ → a5 = ______

Finally you can calculate g !!  
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                                g = aave = 
[image: image4.wmf](a1 + a2 + a3 + a4 + a5 ) / 5 =________

Calculate the percent  difference between the “ accepted” value of gacc = 10 m/s2 and your measured value of g = aave. 

                                         % diff =
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In this part you will test each other's reflexes by actually measuring your reaction time. You need the 1 meter stick and your partner for this one. Your partner will hold the meter stick perpendicular to the floor while you put your thumb and forefinger around the stick, but don't grab it yet! Note your finger's position on the meter stick. Let your partner drop the stick while you try to grab it (without knowing when your partner is going to let it go). Write down the distance in centimeters (cm) between the position your fingers started to where you grabbed the stick. Do this five times (for each person, but you only have to record your own distances). Using the same old equation of free-fall (in the form t = 
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- algebra is a wonderful thing!) calculate the time it took for the meter stick to fall a distance d. You know 9 from part I and you are measuring d so you can plug 'n chug to get t. Again, don't forget the units. . . which means don't forget to convert your value of 9 to cm/s2!!

d1 = _______ → t1  = _______           d2 =________ → t2 = _________
d3 = _______ → t3 = _______           d4 =________ → t4 = _________

d5 = _______ → t5 = _______

From these measurements of time, calculate your average reaction time!

         tave = ________

II. Reflex Test

III. Coffee Filters & Air Resistance

Now you know that gravity works (hopefully - the lab is a tricky place sometimes). But her~ on earth, we have to worry about air resistance. Air actually pushes back on falling objects!! When an object falls long enough, it reaches what is called terminal speed. It stops accelerating and falls at constant speed. The air is pushing hard enough on the object so that the force due to air equals the force due to gravity. It's a good thing we have air to protect us from raindrops! An average sized raindrop must fall about 6 meters before it reaches terminal speed (~ 7 m/s). A cat must fall about six floors and a sky diver must fall about 430 meters. What about things like feathers and coffee filters? They reach their terminal speed quickly because of a high area to weight ratio. They have large surface areas and weigh very little.

1. Hypothesis R~v

Now, grab some coffee filters and a 2 meter stick. You will try to come up with a relationship between an) object's speed and air resistance. When an object reaches terminal speed VT, then it no longer accelerates (but it still maintains its speed - remember, any acceleration will change the speed) and the distance it travels in time t is given by d =vT t. If air resistance R is proportional to the object's speed (R~vT), then we can replace VT in the d = vT t distance equation and get d ~Rt. But, since the air resistance equals the weight of the object (R = W), we can replace R with Wand get d ~ Wt. Let's go through that again: R ~ vT means that d~ rRt and since R = W when the object is at terminal speed we have

d ~Wt.

This means that the distance the object travels is proportional to the weight of the object times the time it took to travel that distance. So, coffee filters stacked together in a double filter of weight 2W will fall a distance 2d in the same time that one filter (of weight W) will fall a distance d (under the assumption that terminal speed is reached at the instant you drop the filter). A triple filter of weight 3W will fall a distance 3d and so on. Try it out. Simultaneously drop a single filter from one meter and a double filter from two meters (Make sure that you really have a single and a double). Did they hit the ground at the same time? What does this mean?
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2. Hypothesis R ~ v2
Now test whether R ~ 
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in the same time as a single filter of weight W. Try it out . Simultaneously drop a single filter from 1 meter and a double filter from 1.4 meters. What happened?

What height would a quadruple ( 4 filters) filter have to be dropped from in order to hit the ground at the same time as a single filter dropped from 1 meter? Test it out.

Which moel of air resistance ( or air friction) did your tests support?

Why do sky divers need parachutes (besides the obvious – to avoid death)?
Crash Tests-
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Momentum Conserved!!

Dynamic Cart system mass balance

2 photogates
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Elastic Collisions

These are collisions in which energy is conserved - the energy doesn't go into the breaking or deformation of the bodies involved in a collision. For example, a car accident in not elastic because the body of the car crumples and the windows shatter - this absorbs some of the energy (thankfully!). You are going to examine a few cases in which collisions are elastic in this section. You will push one cart into a stationary cart and measure the total momentum before and after the collision. You know that momentum is

        p=mv,

[image: image17.wmf]
so you need to measure the mass of both the carts and the velocity of both the carts before and after the collision. Remember, velocity has a direction associated with it - in this case it means that a cart moving to the right (for example) gets a positive sign in front of its speed and a cart moving to the left gets a minus sign in front of its speed. You will again use the photogates to measure the speed of the cart. You will also have to use the memory function on one of the photogates. You will push cart I through photogate I (be sure you are done pushing when the card passes through the photogate!!). It will measure the speed of cart I before the collision. Since cart 2 is stationary before the collision its speed is 0. So the total momentum before the collison will be just the momentum of cart 1. After the collision cart I has three options: it can bounce back, it can continue along in the same direction, or it can stop. If it bounces back (for example), then photogate I will measure cart I's speed after the collision. Your instructor will have to show you how to use the memory function to do this. Cart 2 is placed between the photogates and will pass through photogate 2 after the collision. So you will have measured each cart's velocity before and after the collision and you can then calculate the total momentum before and after the collision. You will execute one trial for each of three cases. Make sure you have the carts on the track such that they repel each other when they are pushed together (There is a magnet in one side of each cart which does the repelling).

I)n

Case 1: Carts with equal mass. m1=m2=___________

Cart 1 is the cart you push and cart 2 is the cart placed between the photogates before the collision. You will have to add ~10g to one of the carts to make their masses equal. You also may have to play around with the position of the photogates before you actually make your measurements because you do not want the carts to be accelerating as they pass through the photogate.

BEFORE COLLISION

 t1=__________                                                 →v1=_______                 →p1=m1v1=_______

ptot=p1+p2=_______

AFTER COLLISION

     t1=__________                                                 →v1=_______                 →p1=m1v1=_______

     t2=__________                                                 →v2=_______                 →p2=m2v2=_______

ptot=p1+p2=_______

Case 2: m1<m2. m1=_________ m2=_________

Add both bar masses to cart 2 so that m2 is now the mass of cart 2 plus the mass of the two bars.

BEFORE COLLISION

t1=__________                                                 →v1=_______                 →p1=m1v1=_______

ptot=p1+p2=_______

AFTER COLLISION

t1=__________                                                 →v1=_______                 →p1=m1v1=_______

t2=__________                                                 →v2=_______                 →p2=m2v2=_______

ptot=p1+p2=_______

Case 3:  m1>m2. m1 =_________ m2=_________

Add both bar masses to cart 1 so that  m1 is now the mass of cart 1 plus the mass of the two bars and m2 is just the mass of cart 2. Push cart 1 GENTLY…

BEFORE  COLLISION

t1=__________                                                 →v1=_______                 →p1=m1v1=_______

ptot=p1+p2=_______

AFTER  COLLISION

t1=__________                                                 →v1=_______                 →p1=m1v1=_______

t2=__________                                                 →v2=_______                 →p2=m2v2=_______

ptot=p1+p2=_______

Was the total momentum before and after collision the same in each case? If so, explain. If not, suggest why.

INELASTIC COLLISIONS

Now, the carts must be turned so that when they collide, they stick together. This is an  inelastic collision because energy is not conserved – some energy goes into deforming the Velcro on the ends of the carts when they stick together. If we had been able to put a lump of clay between the carts you would have been able to see the clay deform and therefore suck up energy…

Case 1: Carts with equal mass. m1=m2=_________

Follow the same procedure as you did in Case 1 under elastic collisions. Only this time you will have one speed to measure before the collision and one speed to measure after the collision (because the carts stick together).

BEFORE COLLISION

t1=__________                                                 →v1=_______                 →p1=m1v1=_______

ptot=p1+p2=_______

AFTER COLLISION

t=__________                                                 →v=_______                 →ptot=(m1+m2)v=_______

Case 2: m1=_____________ m2=______________

You can pick either m1> m2 or m1< m2 for this case.

BEFORE COLLISION

t1=__________                                                 →v1=_______                 →p1=m1v1=_______

ptot=p1+p2=_______

AFTER COLLISION

t=__________                                                 →v=_______                 →ptot=(m1+m2)v=_______

How did the momentum before and after the collision compare in each of your inelastic collisions? If same, explain. If not the same, suggest why not.

Pure Energy
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You will start with the mass at some height h above the floor which you will measure with your meter stick. Let the mass go and start your stopwatch simultaneously. Stop your stopwatch when the mass hits the floor. Make sure the mass hits the floor before the cart reached the end of the track! The time you measured on your stopwatch and the h you measured with your meter stick go into (2) to calculate the final speed of the cart and mass. Energy is conserved so the total initial energy is equal to the total final energy:

Ti + Ui = Tf + Uf

The T’s are the kinetic energy and the U’s are the potential energy. The initial kinetic energy is zero since nothing is moving and the final potential energy is zero because the hanging mass has hit the floor (or the zero of potential). So we have then

Ui = Tf

Which can be written

mwgh = 
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You will perform five trials for each of three hanging masses so that a final average kinetic energy can be calculated.

Case 1. mw = 20g, mcart = ________,  h=________   

   t1 = __________    t2 = _______  t3 = _______   t4 = ________   t5 = ________

tave = ________ → vave = 
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Ui = mwgh = ________ and Tf = 
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Case 2. mw = 30g, mcart = ________,  h = ________

t1 = __________    t2 = _______  t3 = _______   t4 = ________   t5 = ________

tave = ________ → vave = 
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Ui = mwgh = ________ and Tf = 
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Hint: if you keep he mters and mass in kilograms, then can use g= 10 m/s2 and energy has units of kgm2/s2 or N.m. Yeah!

Case 3. mw = 40g, mcart = _________, h = _________ 

t1 = __________    t2 = _______  t3 = _______   t4 = ________   t5 = ________

tave = ________ → vave = 
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Ui = mwgh = ________ and Tf = 
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How close are your initial potential energy and final kinetic energy for each case?

Express as :
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What possible forms of energy have been ignored in this experiment?

Why is the initial potential energy mwgh and not mwaaveh? ( that is, why is aave not equal to g?)

This is extra credit ( 5 points possible ):

You were shown that you could find the acceleration of the cart and mass from equation (1): a = 
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Is there another way to find a (Hint: F = ma)? Show it ( 2 points) and then calculate a both ways for each case in the experiment. (6*0.5 = 3 points)

Rotation
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centrifuge photogate

ruler

hook masses
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Way back in Aristotle's time, people thought that moving things want to stop and rest. Then Newton came along and showed that they had it all wrong. Moving things tend to stay moving and resting things tend to stay at rest. He added that moving things want to move in straight lines unless a force acts upon them to change their course. Finally, Einstein showed up and said that Newton had it all wrong too. He said you can't separate space and time, but then things became confusing - it all depended on your frame of reference. And people made a philosophy out of Einstein's relativity which is probably why our justice system is in its present state of affairs (because everything depends on your frame of reference). But, lets get back to Newton. He wasn't all wrong. In fact, you will examine his idea that moving things want to move in a straight line. You have a centrifuge with a mass and spring on it. You will spin the mass and spring system and measure how hard the spring pulls on the mass to move it in circular motion. First, spin the centrifuge such that the pointer is centered when viewed from the side (see picture and the actual equipment). Once you have the right rotational speed, hit the reset button on the photogate timer which should be set on pulse mode and positioned such that the sliver of paper on the outer edge of the centrifuge will interrupt the beam. The photogate will then measure the period of the rotation. Stop the centrifuge and swing the spin arm so that it is parallel to the ground and the mass and spring hang vertically. You can then attach masses to the mass and spring system until the pointer is again centered when viewed from the side. This imitates the conditions of the spinning centrifuge. The gravitational force you calculate is then the centripetal force on the mass when the centrifuge was spinning. You will also calculate the centripetal force directly.
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Centripetal Force

Many forces can act as a centripetal force. For example, gravity is the centripetal force which keeps the space shuttle in orbit around earth. Friction is the centripetal force which keeps your car on the road as you round a curve. In this experiment the spring exerts the centripetal force as the mass is spun by the centrifuge(you will measure this centripetal force). The mass of the disk inside the centrifuge is inscribed on it in grams

Mdisk=______

Spin the centrifuge! Make sure the pointer is centered by varying the rotation speed of the centrifuge( be very careful about this- this is what takes up most of the time to do the experiment…). Once the pointer is centered, hit the reset button on the photogate timer once to measure the period:

T=_______

Now swing (turn the motor off first  ... ) the spinning arm so that it is parallel to the ground and you can hang masses on the disk and spring system (the spring and disk will be vertical). Hang enough mass until the pointer is centered again. This will imitate the conditions of the spinning centrifuge because the spring will be displaced by the same distance as it was when you were spinning the centrifuge. The total mass hanging on the spring (including the mass of the disk) is then

Gravitational Force
M=mdisk+mhung=_______

Which gives Fg=Mg=_______

Measure the distance from the axis of rotation to the centerline on the disk while mhung is still hanging on the spring and disk system. This will be the same as the radius of the circular motion when the disk and spring were spinning.

r=_______

 Putting it Together

The centripetal force (which we are trying to find) and the gravitational force (which we measured) both displaced the spring the same distance r ( you used the pointer to make sure of this…). Since both forces displaced the spring the same distance, they must be equal:

Fcentripetal=Fg=______

You can also calculate the centripetal force directly using the period T and the radius of the circular r using:

Fcentripetal=mdisk(
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r=_______

What is the percent difference of this value and the “measured” value (Fg=Fcentripetal)?

%diff=
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=_______

Does the rotational inertia of the disk+spring system increase, decrease, or stay the same as the system increases its rotational speed from rest? Why?

Suppose the system suddenly came apart while rotating. Indicate with an arrow the direction of travel for the released mass, justify your answer.

Check out the 2 rubber wheels which “roll” together and change the direction of rotation.

Briefly explain how moving the little wheel up and down controls the rotational speed of the centrifuge.

Projectile motion
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meter stick    projectile motion apparatus    ruler
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1. Pea Shootin'

Last week we made a big deal about units - don't forget about them just because we don't mention them in the body of the experiment! We want to find the muzzle speed of a projectile. We can use what we know about projectile motion to make some well-placed measurements which lead to calculation of the muzzle speed. We know that when the 'pea' comes out of the tube it will be in free-fall. This means we have a measure of the time the pea is in the air. We can also measure the distance it travels before it hits the ground. These measurements give us a distance and a @ time so we can calculate speed (v = d/t)! So, on we go to the measurements ...

Measure the height at which the 'pea' comes out of the tube. From this you can calculate the time it will take for the 'pea' to hit the ground.

(remember free-fall → h=
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 EMBED Equation.3  [image: image45.wmf]).      h=_______→ t=________

Now put the 'pea' in the tube and let it fly! You have some carbon paper regular paper to mark where the 'pea' lands. Before you put these markers down on the table in front of the exit of the tube, shoot the 'pea' a few times to get an idea of the general area in which, the pea lands. Put the carbon paper over your regular paper on that spot and start your trials. Shoot the 'pea' out of the tube five times and measure the distance from the tube exit to the little black dot it makes on the paper each time. Then calculate an average distance.

d1=________             d2=_________

d4=________             d5=_________

       → dave=_________

So the muzzle speed is 

     v=dave/t=_______

[image: image46.wmf]
There are a few different spots to start your pea from in the shooter. Start it from a different spot and repeat the above procedure ( you do not have to re-do your calculation of t….).

    d1= ________                     d2= ________                  d3= ________

    d4= ________                     d5= ________

   → dave= _______

So the muzzle speed is

    v=
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Why did the muzzle speed change?

Now let’s compare the 2 muzzle speeds measured above to the speeds you would expect from the change in gravitational potential energy.  Recall that 

G.P.E. = mass  x  gravitational acceleration  x  height.   

So the initial potential energy is mgH, where H is the height of the hole, and the final potential energy is mgh, where h is the height at which the ‘pea’ comes out of the tube.  You’ve already measured h, now measure H for the 2 holes you used (make sure you measure the height above the table, not just to the base):

H1 = _________


H2 = _________

The change in G.P.E. is thus mgH – mgh = mg(H-h).  Since we know energy must be conserved, this must be the same as the Kinetic Energy (1/2 m v2) gained by the pea:


 P.E. = K.E.


mg(H – h) = ½ mv2

v = square root( 2g(H – h) )

Note that the velocity doesn’t depend upon mass!   Why? …. Recall that all things accelerate towards the ground at the same rate.  Now, using the above H values and the value for g (9.8 m/s2 or 980 cm/s2), calculate the predicted muzzle velocities for the 2 holes that you used:


v1 = _________


v2 = _________

Question 1: How do these predicted values compare to the muzzle speeds that you measured above?

Question 2: If there were no measurement errors, would you expect the predicted values to be the same, greater than, or less than the measured values?  Why?

Question 3: Luge is a sport (in the Winter Olympics) where a single person slides feet first down a twisty ice track on their sled.  The change in height is typically only about 100 meters, though the track is typical 10 to 15 times longer than this.  Using this change in height and assuming no friction, calculate the speed at which a rider will be traveling at the end of the track.

(for comparison, typical luge speeds are 36 m/s, or 80 mph .... pretty fast!)

The size of a Molecule

Equipment

To Measure the Diameter of a BB

Solids are made of molecules (or atoms if it is an elemental solid like gold). Generally we can approximate the molecules or atoms as spheres with a given radius. We want to measure the radius of these molecules, but how can we do it? Suppose instead of molecules we work with BB's. The BB's will be the substance whose molecular diameter we want to measure. Each BB takes up a given volume and this volume never changes. If you put a bunch of BB's in a bucket, they would take up a given volume and then if you threw them on the floor, they would occupy the same volume except they would be all spread out over the floor. Instead of throwing them on the floor you put them in a litte depression of the floor such that the BB's filled the depression with one even layer. Then the volume they take up would be thediameter of the BB's times the area of the depression (think of the volume of a cylinder ​it is the area of the bottom time the height of the cylinder). Since the diameter of the BB is too small to measure with a ruler we can't find out how much space they take up in the depression. But, we can pour the BB's into a graduated cylinder and measure the volume they take up. We know this volume doesn't change so we can again spread the BB's out in a one layer thick area and measure the area they occupy. Since we know the volume they take up from our measurement in the graduated cylinder, we can calculate their diameter from our measurement of the area they occupy when they are one layer thick because in this configuration the volume they occupy is the area times their diameter.

So, fill your tray with BB's so that the tray is completely covered in a one layer thick cover of BB's. Then pour the BB's into a graduated cylinder and measure the volume (just read it off the cylinder - 1mL = 1 cm3). Measure the area of the tray as well.

Volume =
and Area =

Don't forget about units! Your area should be in cm2 and your volume should be in cm3. We know that while the BB's were in the tray the volume they occupied was

Volume = area X diameter

Ruler    100 ml graduated cylinder  tray    micrometer   BB shot ( ~ 75 ml )

But we measured the volume they occupied ( which is constant in any configuration ) so we can rearrange and get

         Diameter = 
[image: image48.wmf]area

Volume

=_______

Check this estimated diameter by measuring the diameter of the BB with a micrometer – your instructor will have to show you how to read the micrometer. Remember to express both numbers in the same units (cm).

         Measured diameter = ________

Calculate the percent difference between your measured and your estimated diameter.

%Diff = 
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 = ________

oleic acid is an organic substance that is solute in alcohol but insoluble in water. When a drop of oleic acid is placed in water, it spreads out over the surface of the water to create a  monolayer – a one molecule thick layer of oleic acid. How would you estimate the size of an oleic acid molecule?

Archimedes Principle

In lecture you will discuss Archimedes Principle - the concept that an immersed object is buoyed up by a force equal to the weight of the fluid it displaces.  This principle explains why some things float.  Consider trying to fully submerge a beach-ball underwater.  It's difficult to do.  Why?  When fully submerged, the buoyant force on the beach-ball is  equal to the weight of all of the water that it displaces.  For any decent size beach-ball, that's a lot of water to be displaced.  And since water weighs about 8 pounds per gallon, that translates into a lot of upward force.  This upward force is much greater than the force of gravity acting on the beach-ball (most beach-balls are pretty light), and so it rises to the surface and floats.

But note that even when the beach-ball is floating on the water, a small amount of water is still displaced.  In order for the buoyant force to exactly balance the force of gravity, this amount of water must have the same weight as the beach-ball.   If it was greater, there would be a net upward force, and the object would rise in the water.  If it was less, there would be a net downward force, and the object would sink lower in the water.  Stating this more generallly:

A floating object displaces a weight of fluid equal to its own weight.

In this portion of the lab, we will use this principle to measure the mass of an object.  Although Archimedes Principle refers to weight of an object, since the acceleration of gravity will be constant in our experiments, this principle can be used to measure mass.

________________________________________________________________________

Equipment:
metal cylinder 


glass beaker partially filled with water.  



scale



100 g weight



ruler

Measure the diameter of the metal cyllinder.  Be sure to measure the outside of the cylinder, since this is what will displace the water (if you use cm units, the math will be easier later).

diameter = ____________

The area of the bottom of the cylinder will then be  (d/2)2.   ( = 3.14159)


area = ___________

While the metal cylinder is still dry, you might as well go ahead and determine its mass using the scale provided.  We'll compare to this later (use grams).


measured mass = ___________

Now let the metal cylinder float in the glass beaker.

Using the ruler, measure how far below the surface 

of the water the metal beaker extends (see Figure; 

you may have to help keep the cylinder up-right).


depth = ____________

We can now calculate the volume of water that has

been displaced by the cylinder.  It is simply the area

of the cylinder bottom multiplied times its depth 

under water.


volume
 = area x depth = ___________

Recall that 1 cm3 of water has a mass of 1 gram.

Therefore, what is the mass of the water that is 

displaced?


displaced mass of water = ____________

According to Archimedes principle, this should be the mass of the cylinder.  We'll call this the predicted mass.


predicted mass = ___________

How do the measured and predicted masses for the metal cylinder compare?

Suppose the metal cylinder was 100 grams more massive.  Predict how far the metal cylinder would extend under the water in this case.  These suggested steps should help you figure this out:

new weight of the metal cylinder (previous value + 100 g) = _____________

required weight of displaced water = _____________

volume of displaced water (1 gram / cm3) = ____________

area of bottom of cylinder (hasn't changed) = _____________


predicted depth below surface (volume / area) = ____________

Now try it and see.  Add a 100 g mass to the metal cylinder and measure how far below the surface it now extends.


measured depth = ____________

How well do the predicted and measured depths agree?

Egg-citing Egg-xperiments with Eggs

Equipment:
a hard-boiled egg
a graduated cylinder
tap water



a raw egg

a scale



table salt

stirring stick

Dectecting a Hard-Boiled Egg

Oh no!  After hard-boiling a pot of eggs, someone has mixed them up with raw uncooked eggs.  How can you tell them apart?  It's easy, and requires nothing more than your budding knowledge of inertial physics.  For this first experiment, you'll have 2 eggs, one labeled A and one labeled B.  One is hard-boiled and one is raw.  You'll need to deduce which is which (without cracking them open!).

One way to tell hard-boiled from raw eggs is to spin them on their side.  The main difference between raw and uncooked eggs is that in raw eggs, the yolk and white on the inside are not firmly attached to the shell.  Hard-boiled eggs, on the other hand, are rigid inside.  This affects how an egg rotates.  Recall the concept of rotational inertia - objects resist changing their rotational speed, whether already rotating or at rest.

Now try spinning both eggs A and B (on their side).  Describe any differences between them you observe (for example, is one harder to rotate?):

Now spin each egg again, but this time, stop them quickly by touching each for a split second (and only a split second) with your finger.  It can be a little tricky to do at first.  Be sure to let go again after that split second touch.  Describe any differences between the eggs that you observe (for example, does one want to continue to rotate?):

Explain or at least speculate on the differences you observe in terms of rotational inertia.  (think about how the loose yolk and white in the raw egg are not firmly attached to the shell, so that even if the shell stops rotating ...)

Which egg is the hard-boiled egg?

The Density of an Egg

Now you'll get to determine the density of an egg.  You'll do this 2 ways - directly, by measuring its mass and volume, and indirectly, by slowly increasing the density of water (by adding salt) until an egg no longer sinks.  

Part I - To get started, we'll first calculate the density of normal tap water.  To do this we need to know the mass of the graduated cylinder that we're going to use to hold the water, so we can subtract its mass from our mass measurements.  Using the scale, measure the mass of the graduated cylinder (grams will be the easiest units to use for this experiment).

mass of cylinder = ______________

Next, fill the graduated cylinder about 2/3rds full (about 250 ml) using tap water from one of the nearby facets (you'll need to leave room for the egg and some salt).  Measure the volume of water in the cylinder.  The scale is in milliliters (ml); 1 ml equals 1 cm3 (read as 1 cubic cm).  To get a good reading of the volume, get your eye level with the water level.  The changes we'll be measuring are not large, so you should try to be as accurate as possible.  You should at least be able to measure the volume to the nearest 5 ml (that is, you should be able to distinguish 235 ml from 240 ml).  Ask your TA if you are confused about how to measure the volume of water, or units.  What is the volume of water in the cylinder (use cm3 units)?

volume of water = _______________

Now use the scale to measure the mass of the cylinder and water.

mass of cylinder and water = _____________

The mass of the water in the cylinder will be this total mass minus the mass of the cylinder.

mass of water in cylinder = ____________

Now calculate the density of water (density = mass / volume).

density of water = _____________

(as a check, your answer should be close to that of pure water, 1.000 gram / cm3)

________________________________________________________________________

Part II - Next use the scale to measure the mass of an egg.  Be careful that it doesn't roll of the scale!  Use the hard-boiled egg because it will be easier to clean up if you drop it.

mass of egg = _____________

Now carefully place the egg in the graduated cylinder with water.  The egg sinks and the water level rises.  Since the displaced volume of water must exactly equal the volume of the egg, we can measure the volume of the egg from the change in the water level.  What is the volume of the water plus egg now in the graduated cylinder?  (again, read as ml and translate to cm3; 1 ml = 1 cm3)


volume of water plus egg = ______________

Subtracting the volume of water measured in Part I from the volume of the water plus egg gives the volume of the egg.  Calculate this.

volume of the egg = ______________

With a mass and a volume for the egg, you can now calculate its density (density = mass / volume; don't forget about units!)

measured density of egg = ______________

Since the egg sinks, what can you say about the buoyant force acting on the egg compared to the force of gravity acting on the egg?

Part III - One way to increase the buoyant force acting on the egg would be to increase the density of water, such as by adding salt.  Salt water is denser than fresh water.   Begin adding salt to the water in the cylinder (with the egg still in it!).  Add a big heaping scoop of salt to start with and stir this in thoroughly.  You should not be able to see any salt on the bottom; if you can, keep stirring.  After this is well mixed, continue to add about a ½ tablespoon or so at a time, mixing each salt addition thoroughly.  This part takes time so be patient.  Eventually the egg will start to bob up from the bottom on the cylinder.  If you've added too much salt, the egg will be poking above the surface of the water (it's ok if just a little).  If it just bobs around, suspended in the salt water, then the salt water must have the same density as the egg.  Let's measure the density of the salt water and see.

First we need to know the volume of the salt water plus egg.  Read this off the graduated cylinder (again, use cm3.  1 ml = 1 cm3).

volume of salt water plus egg = _______________

Since we already determined the volume of the egg, we can subtract that off to get the volume of the salt water.

volume of the salt water alone = _______________

Next we need to know the mass of the salt water plus cylinder plus egg.  Place the filled cylinder on the scale and measure this total mass.

mass of salt water plus cylinder plus egg = ________________

Since we know the mass of the egg (= ________ ) and the mass of the cylinder (= ________ ), we can subtract these from the total mass to get just the mass of the salt water.

mass of the salt water = _______________

Using these values for the mass and volume of the salt water, calculate its density.


density of salt water = _______________

How does this compare to the density of the unsalted tap water measured in Part I, and to the density of the egg measured in Part II?

Would it have mattered if you had used the raw egg instead?   Why?

Using what you know about buoyancy and the relative densities of salt and tap (fresh) water, answer this question.  Is it harder (that is, does it take more effort) to swim below the surface of the ocean (salt water) or below the surface of a lake (fresh water)?  Explain your answer.

Heat

Equipment


Calorimeter 

Scale + Weights
Glass Beaker

Thermometer 


Burner Stand

Gas Burner

some room temperature water

Background
In the early 19th century, scientists realized that heat is another form of energy, and that heat can be transformed into mechanical work and vice versa.  However, the original definition of a unit of heat energy did not use the traditional mechanical units (i.e. the meter, kilogram, second, Newton, and Joule).  Instead, the original unit, the calorie, was defined as the amount of heat needed to raise the temperature of 1 gram of water by1 °C.

From this, it follows that for any amount of water with mass m, the heat needed, (Q, to increase its temperature by (T is

(Q = m • (T • cwater
where cwater is 1 calorie / (gram • °C).  

The above relation is true for substances other than water too, though the value of c must be correspondingly adjusted.  Most metals, for example, increase their temperature by 10 degrees or more when 1 calorie of heat energy is added to a single gram of that metal.  What that means is that it takes a lot less energy to raise the temperature of a metal than to raise the temperature of water (assuming the same mass).  Consequently, the value of c for a metal is typically much less than 1 calorie / (gram • °C).
In this lab, we'll calculate the value of c for Copper.  We'll do this by dumping a hot piece of Copper into some room temperature water.  By measuring how much the temperature of the water increased, we can calculate how much heat the Copper sample gave to the water; the heat lost from the hot copper must equal the heat gained by the water.  Then, if we know how massive the copper sample is and what its temperature change was, from this equation

(Q = m • (T • ccopper
we can calculate ccopper - the amount of energy needed to change the temperature of 1 gram of copper by 1 °C.  Sound simple enough?  Good.  Let's begin then.

Procedure

1. First measure the mass of the Copper sample (grams are convenient units here).


mass of Copper sample = 

2. Next, fill the graduated cylinder about ½ way full of room temperature water; the plastic bottle of water provided should be at about room temperature.  Measure the volume of water in the cylinder (you should be able to get this to within 5 ml).


volume of water = 

(recall that 1 ml of water has a mass of approximately 1 gram)

3. Dump this water into the calorimeter cup.  The calorimeter cup is the one inside the metal bucket-like thing.  The reason this inner cup is somewhat isolated, is to minimize heat lost to the surroundings.

4. Now we want to know the temperature of the water in calorimeter cup.  Measure this using water the temperature sensor.  The temperature sensor is the probe-like thing attached to the computer.  To use the temperature sensor, turn on the Interface and Computer and double click the DataStudio icon.  At the “Experiment Setup” window drag the temperature sensor from Sensor List to analog channel A.  Now you're ready to record a temperature.  Click the start button and the temperature sensor starts recording its temperature.  Note that the temperature sensor continuously measures temperature.  Touch it to your hand and watch the temperature increase.  Then remove your hand and watch it return to normal air temperature.  Click stop when you're done testing the sensor.

Next place the temperature sensor in the water in the calorimeter cup to measure the water temperature.  Again, begin by clicking the Start button, wait a few seconds then click the Stop button. You can see the list of measured temperatures if you "drag" (on the screen) the recorded data from Data List to Table Display (ask your TA if you need help).  Click Statistics button on the displayed table window and then select “Mean” from the cascaded menu. What is the temperature of the water?


(initial) temperature of water in cup = 

It should be close to room temperature (20 °C).

5. Next fill the glass beaker about 1/2 full of water.  Place the Copper sample in the water.  We'll use the gas burner to heat the water.  To light the burner, turn on the gas slightly until you can hear it hissing.  Immediately light the burner with the striker.  DO NOT LET THE GAS RUN FOR A LONG TIME WITHOUT BEING LIT.  If you have trouble getting the burner lit, ask your TA for help.  Once the gas burner is lit, carefully set the beaker of water on the glass burner.  Place the thermometer in the water.  In a short while the water will start to boil.  Let the water boil for about 5 minutes to ensure that the Copper has achieved the same temperature as the boiling water.  While you are waiting for this, begin your preparations for step number 5 below.  Just before you remove the metal sample, record the boiling temperature (it should be close to 100 °C).


temperature of boiling water with metal sample = 

6.  The next thing we want to do is to put the hot piece of Copper in the calorimeter cup and see how much the temperature of the water increases.  But since it's kind of neat to watch the temperature increase with time, go ahead and start recording temperatures with the temperature sensory before you do the transfer.

When you're ready, carefully take the Copper out of the boiling water and place it in the water in the inner calorimeter cup.  Turn off the gas burner.  Replace the metal stirrer and lid. Gently stir for a minute or so, enough time for the water and Copper to reach an equilibrium temperature.  Record the final temperature.


final temperature of water in cup = 

How much did the temperature in the cup change by?


temperature change =
7.  The energy that has gone into raising the temperature of the water has come from the hot piece of Copper.  Since we know that it takes 1 calorie to raise the temperature of 1 gram of water (or 1 ml of water) by 1 °C, and we know how much water was warmed and what the temperature change was, we can calculate the heat transferred to the water from the Copper sample.


(Q = mass of water • (T • (1 calorie / gram °C)

Calculate this for the water sample:


(Q =
8.  As discussed above, not all materials change their temperature by 1 °C when 1 calorie is added or removed.  Some increase their temperature slowly, while most increase it more rapidly.  Let's calculate the rate at which Copper changes its temperature when energy is gained or lost.  We can calculate this since we know its mass, we know how much energy it gave to the water, and we know what change in temperature this resulted in.  Note that the change in temperature here is the change in the Copper sample's temperature (from that of boiling water to the final temperature in the cup).  Calculate this for the Copper sample (ignore energy used to heat the caloric cup and metal stirrer.).


ccopper  = (Q / (T • mass 


ccopper = 

Is the value of "c" for copper much greater than or less than the value for water?

Does this mean it will take more or less energy to raise the temperature of Copper by 1 °C, than it will to raise the temperature of water by 1 °C (assume the same mass for each)?

If you had 50 grams of water and 50 grams of Copper, both at the same temperature, which could you get more heat from?

Will the metal stirrer and the inner calorimeter cup cause you to overestimate of underestimate the heat given off by the hot piece of Copper?  Why?

Before you turn in your lab, go back and check that you have given the correct units for all of your numeric answers (e.g. grams, milliliters or cm3, ºC).

SUPERPOSITION OF WAVES

OBJECTIVE:


The purpose of this experiment is to examine wave motion and the superposition of periodic waves.


A secondary objective is to acquaint you with the use of an electronic oscilloscope - a device used to observe and measure time-varying waveforms.

METHOD: 


You will use two periodic wave generators. Each generator is capable of producing a sine wave or a triangle-wave (you'll only use the sine wave) of a frequency in the audio-range (20 - 20,000 hz). These waves are adjustable in amplitude.  The waves produced by these generators may be summed or added together, using the principle of wave supposition. Wave superposition is simply the point-by-point addition of two (or more) waves. In this experiment, superposition, i.e. adding, is done in two ways; by the oscilloscope’s circuitry and by your sense of hearing. That is, the resultant wave can be seen on an oscilloscope and heard from a loudspeaker.


You will use an oscilloscope to view and measure the periods and amplitudes of waves produced by generator. 


You will also “beat” the outputs of both generators and hear and measure the beat frequency.

In summary, you will:

A. Learn to use the oscilloscope to measure periods and amplitudes of time-varying electrical signals. 

B. Add sine waves of equal frequency and equal amplitude.

C. Add square and sine waves of equal frequency.

D. Generate beats between waves of nearly equal frequency.

APPARATUS:


Two Function generators, Oscilloscope, Loudspeakers and Cables.

THEORY:

Superposition


When two or more waves traverse the same medium, the displacement of any particle of the medium is the sum of the displacements that the individual waves would give it. This is called superposition.  In this experiment you will be observing waves displayed on an oscilloscope. The display in the vertical direction will be proportional to electrical voltage, which is a scalar quantity (not a vector quantity). If you've not yet covered voltage in lecture, it does not matter.  In this experiment, voltage is simply the quantity that is “displaced by the wave.”  What the oscilloscope will show you is the time variation of the voltage at fixed points in a circuit. The addition of two or more electrical waves can result in either an increase or a decrease in the voltage depending on the magnitude and sign of the instantaneous voltages.

Oscilloscopes


An oscilloscope (see Figure below) essentially deflects an electron beam across the face of a fluorescent tube that is persistent enough to allow the eye to see where the beam was. The vertical deflection of the beam is proportional to a voltage input. The horizontal deflection left to right can be made proportional to time. Therefore, if a steady wave can be made to appear on the screen, a display of the voltage as a function of time appears. 

SUGGESTED PROCEDURE:

Preliminary Instructions


The function generators at your table are adjustable in amplitude and frequency. They produce sine waves as well as triangle waves through the outputs on the front side of the generator. The outputs on the backside produce square waves of the exact same frequency as that of the sine or triangle waves produced through the front outputs. However, the amplitude of the square waves is fixed at approximately 5 volts, peak-to-peak.


Instructions for using the oscilloscope are on the lab tables. Your lab instructor will also assist you in using the oscilloscope to first display the wave as a function of time, and then in measuring the period and amplitude of the wave.

                                                           to back connector

                                                           on function generator 

                                                                       Oscilloscope

                  Function Generator


                                                                                        CH! nnCH

                                                                                                                            


                                                                                        


A. Measure a Sine Wave

1. Connect your oscilloscope, Channel 1, to the front outputs on the function generator. Make sure the switch on the front of the generator is set to sine wave mode.  Again, ask your TA if you have questions.

2. Adjust the amplitude on the function generator to somewhere around ¾ maximum amplitude.

3. Adjust the frequency on the function generator to approximately 500 Hz. Note that the setting must be on x100 and the dial must be turned to 5. Remember: Once you have set the frequency and begin to measure the wave using the oscilloscope, do not touch the frequency knob.
4. Adjust the oscilloscope controls until you can see a sine wave trace. Pick a reference point on the scope screen and adjust the x and y position controls until your trace looks like the graph of a sine function, i.e., the amplitude is zero at the reference point and rises to a “positive amplitude” as shown in the figure below.


                                                  Period (second, millsec, etc)        



                                              Reference point

5. Measure the period of the wave. Use several different settings of the “Time per DIV” control on the oscilloscope. Try 1, 0.5, and 0.2 ms/div. Also measure the amplitude (middle to peak positive peak).

Time per DIV = __________

Period = ___________

Time per DIV = __________

Period = ___________

Time per DIV = __________

Period = ___________


(the periods you measure should all be about the same.  Don't forget units!)


How are these values related to the Frequency you set the function generator to?


Wave Amplitude = ___________


(Be sure to use the correct unit.  This is the wave displacement.)

B. Add Sine Waves of Identical Frequency and Amplitude

6. Now connect the oscilloscope’s channel 2 inputs to the same leads that are connected to channel 1.

7. Select channel 2 on the oscilloscope and measure the period and amplitude of the sine wave. Set the “SOURCE” switch to “VERT MODE”. Note that the period should be identical to the period of the sine wave you just measured. If it is not, go back and re-measure the period of the sine wave on channel 1.

Period = __________


Amplitude = __________

8. Now set the oscilloscope on “ALT” mode and show both channels on the screen. Adjust the vertical positions of the graphs so that they are one above another on the screen.

9. Make a labeled sketch of the patterns on the screen.  Use axes in your plot and label them.

10. Now set the oscilloscope on “ADD” mode and show both channels on the screen. Adjust the vertical position of the graph so that it is centered on the screen. Measure the period and amplitude of this new wave.

11. Make a sketch of the figure on the screen, using the same vertical scale you used in your first graph (again, label the axes).  Explain what happened when you switched the oscilloscope to “ADD”. 

C. Add Sine Waves of Slightly Different Frequencies

12. Disconnect the outputs from the back of the function generator. Connect the front output of the second function generator to the oscilloscope’s channel 2. Make sure the second function generator is set on sine wave mode.

13. Adjust the second function generator to approximately 500 Hz on the frequency dial (the same as on the first function generator). Set the oscilloscope on “ALT” mode and then view both channels simultaneously.  You may also need to adjust the amplitude of the function generator.

14. Carefully adjust the frequency of the second function generator so that the two waves appear nearly stationary and at roughly the same frequency. Then switch the oscilloscope to “ADD” mode.  In the space below, sketch of the combined wave pattern that you see:

The waves should combine to produce a large amplitude periodically.  The frequency of this large amplitude will be the difference in the two input frequencies.  This frequency difference is called the "beat" fequency.

15. Now see if you can hear the beat frequency.  Connect the loudspeakers to the outputs of the two function generators and set them about 30 cm apart (you are trying to create 2 sound waves that will add in the same way shown above). Adjust the amplitudes of the function generators so that the speakers are not too loud and the two waves are approximately equal in height on the oscilloscope screen.

Can you hear the beat frequency?  You may need to adjust the amplitudes and 

change the frequency of one of the generators slightly to convince yourself you

are hearing it.   When you've got a good beat frequency, let your TA listen and

then have them put their initials below.  Roughly, what is the period of the beat frequency?


Approximate Period = _________









TA's Initials ___________

ELECTROSTATIC CHARGE AND SIMPLE ELECTRIC CIRCUITS 

OBJECTIVE:


By doing this experiment, we want you to acquaint yourself with the following concepts:


electric charge

voltage

resistance


electric circuits
current

Ohms law

METHOD:


In Part 1 of this experiment, you’ll use a glass rod and silk cloth to produce a positive charge on the rod. Then you will use a rubber or plastic rod and wool cloth to produce a negative charge on the second rod. You’ll be able to demonstrate the forces of attraction and repulsion between charges.


In Part 2 of this experiment, you'll use batteries, wire, and a light bulb to discover for yourself what is needed to make complete electrical circuits and to make the a bulb light up. You will use a multimeter to measure potential difference and current.

THEORY:


Charge is a measure of the number of electrical pieces of matter. The unit of charge is “coulomb”.


The unit of electrical resistance is the ohm ((). When 1 ampere flows in a circuit and the electrical potential between two points in the circuit is 1 volt, the resistance between those points is 1 ohm. In general, R is given by






[image: image50.wmf]I
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Part 1:

APPARATUS:


Rubber or Phenolic Rod and Wool Cloth, Glass Rod and Silk Cloth, String, Pith Ball, Lab Stand

PROCEDURE:

Note: When you begin this experiment, you’ll need to remove excess charge from your body and the apparatus. Do this by touching the apparatus with one hand and the water pipe or other “ground” with the other hand.

1. Generate a charge by rubbing the rubber rod with the wool cloth.  Take care to not discharge the rod, as you charge it, by touching it with your hand.  When it's sufficiently charged, bring it close to the pith ball.  Is the ball attracted to or repelled from the rod?  Why?

2. Transfer some of the charge to the suspended pith ball by touching it with the rod.  Then generate more charge on the rubber rod with the wool cloth. Now slowly move the additionally charged rod close to the ball. What happens (is it attracted or repelled)? Why?

3. Next, charge the glass rod using the silk cloth.  With the pith ball still charged from step number 2, bring the newly charged glass rod close to the pith ball.  What happens?  Why?

Part 2.

APPARATUS:


Bulbs, Bulb Socket, Battery, Multimeter, and Connect Wires

PROCEDUE:

1. Take a battery, a light bulb, and one piece of wire. Can you make the bulb light up? When you have succeeded, write a sentence or two describing what is necessary to light a bulb. How many electrical connections are there on the light bulb? 

Now, circle all circuits that will light the bulb (the + and - terminals of the battery are indicated.  try the different arrangements if you are unsure.)

2. Put a light bulb in a holder and assemble the following circuit.  The circled x represents the bulb and the vertical lines represent a battery.  If successful, the bulb should light up.


                                                                                                


     


3. Disconnect the light bulb circuit.  Insert 2 wire plugs into the 2 right-most terminals of the multimeter and connect the other ends of these wires to the 2 terminals of the battery.  With the multimeter in voltage mode, measure the voltage across the battery terminals (be sure the multimeter is set to read DC voltage, no AC voltage).



voltage = ___________

     How does this compare with the value on the battery's label?

4. Connect the multimeter as part of the circuit, letting current flow from the bulb, through it, and back to the battery.  This will involve changing the location of one of the wires plugged into the multimeter (ask your TA if you need help).  With the multimeter in current mode (again, DC, not AC), measure the current flowing through the multimeter.  Note, you will need to have the bulb in and lit to get a complete circuit and current!


                                     


                                    M = multimeter

                              


current = __________

5. Using Ohm's law, calculate the resistance in the circuit (be careful with units!)



resistance = __________

6. Now we want to add an additional battery to the circuit.  The batteries, when in their holders, easily connect end-to-end.  But before adding the 2 batteries to the circuit, use the multimeter to measure the voltage across the 2 terminals of the connected batteries.



combined voltage = __________


     How does it compare to that measured for the single battery?

7. Now make a complete circuit using the 2 batteries.  What happened to the brightness of the bulb?  Why do you suspect this occurred?

8. Test your suspicion by using the multimeter to measure the current through the circuit, as above.



new current = ___________

9. Using Ohm's law, determine the resistance of the 2 battery circuit.



new resistance = ___________


     Briefly summarize how the current and resistance changed (or didn't) when

                 the voltage in the circuit was increased.

meter stick


Pulley


Dynamic cart system





mass hanger string





masses


mass balance





Energy is always conserved - you just have to recognize all possible forms of it. You will look at two forms today, kinetic and potential energy. A mass which has the force of gravity acting on it is full of potential energy (this is how X-ray binaries emit X-rays - matter falling onto the star converts about half of its gravitational potential energy into X-rays, the other half goes into kinetic energy ... ). If a mass is hung over a pulley and tied to a cart, then you can turn the potential energy of the mass in the gravitational field into kinetic energy - the energy of motion. In order to perform this experiment you will need some equations that you already know:
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These are the equation of free-fall (I.i and a kinetic equation of motion (2) initial speed in your experiment is zero we can write (2) as v2 = 4h2/t2 or v = 2h/t
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