Reflections From A Plane Mirror
PURPOSE
To investigate the qualitative and quantitative relationships
between an object and its corresponding image formed by a
plane mirror.
EQUIPMENT
- plane mirrors
- protractor

normal
line
incident
angle
incident
ray

- cardboard
- pins

- ruler

reflected
angle

θi θr

reflected
ray

reflective surface

PROCEDURE
PART A - SINGLE MIRROR REFLECTION
1. Place the sheet labeled “Part A” of the lab on the piece of cardboard.
2. Place the mirror with the attached wooden block on the line marked “mirror”, so that the
reflective side is flush with the paper and faces the point marked “Object”. These are rearsurfaced mirrors so the backside of the mirror should be on the line marked “mirror”.
3. Place a florist pin (it has a little ball on top) on the point marked “Object”.
4. Place the two regular pins on the points “1” and “1a”. Make sure all pins are vertical.
5. With your eye at table level look at the two regular pins at points “1” and “1a” and note how
these pins line up with the image of the florist pin. Be absolutely sure each person sees this
alignment before you go on. It’s a lot like looking (from end view) at three people all standing in
a line, and only seeing the first person because the other two are exactly behind that first person.
6. Look into the mirror from a viewpoint well to the right of the object. Place the two regular pins
so that they line up with the image of the florist pin as before. Label these points “2” and “2a”.
7. Repeat this for a third viewpoint from the right or left side. Label these points “3” and “3a”.
8. For each of the three sets of points, draw a dashed line representing the path that light appears to
be traveling from the image to the eye. The first one is done for you already.
9. Use these lines to identify the image position, and label that point “image”.
10. Place the second florist pin at this image position. Notice how this pin is located exactly where
the image of the first pin appears. Move your head from left to right and notice that the image
always appears to be at the same position. You are using parallax to find the image position. Be
sure you understand parallax, as you will need to use it in part B.
11. For each of the three pairs of points (1/1a, 2/2a, 3/3a), draw a solid line representing the path that
light actually takes as it goes from the object to the mirror to the eye.
12. Draw arrows on all light rays indicating the direction of actual and apparent light. See diagrams.
13. Draw normal lines (right angle) to the mirror at each point where the solid lines touch the mirror.
14. Measure and record the angles of incidence and the angles of reflection.
15. Now transfer the information from one lab manual to another.
This is simple. You only need to transfer a few critical points to
properly construct the ray diagrams. Just put the completed
single lab page right on top of the same blank page of another
lab manual, making sure the corners are exactly in alignment,
and then push the pins through. Voilà! The new lab page has
been marked and the diagrams are now easy to construct.

Ray diagram lines
mirror
actual ray
apparent ray
normal line
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DATA & ANALYSIS
1. The apparent path length of light is the path that light
seems to travel according to our eye. In centimeters,
measure and record the apparent path length of light
from the image to the eye (original eye position).
2. The actual path length of light is the path that light
really travels from an object to our eye. In centimeters,
measure and record the actual path length of light from
the object to the mirror to the eye (original eye position)
3. The object distance is measured from the object
perpendicularly to the mirror. In centimeters, measure
and record the object distance.
4. The image distance is measured from the image
perpendicularly to the mirror. In centimeters, measure
and record the image distance.

sighting

qi

qr

1

25˚

25˚

2

19˚

20˚

3

15˚

14.5˚

apparent path length

14.1 cm

actual path length

14.0 cm

object distance

6.4 cm

image distance

6.3 cm

IMAGE

Mirror
θi θr

θr θi

θi θr

1

2
3

1a
Eye

2a
3a
Object

Part A
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PROCEDURE
PART B - TWO MIRROR REFLECTIONS
1. Set up the two mirrors precisely on the mirror lines shown below.
2. Place one florist pin at the point marked “Object”. Be sure it is aligned exactly vertically.
3. Now place the other florist pin at “Image #1”. This is a “locater pin” that marks the location of
one of the images formed by the object. Using your knowledge of parallax verify that this is the
position of the image. (Note: this is a different process than in Part A.)
4. Look carefully into the mirrors - you should see two additional images (one in the other mirror
and one in the “corner” where the two mirrors meet). Remove the “locator pin” from Image #1,
and then use the parallax method to locate the other two images. (Parallax takes time - be
patient). Label these other image points as “Image #2” and “Image #3”
5. Use a dashed line to draw the apparent path the light takes from each of the images to the
computer generated eye. (Note: when locating the images, you don’t have to put your eye in the
position of this computer-generated eye. It is only provided so that when drawings are made,
they will all be similar, throughout the class.)
6. Now use your knowledge of the relationship between incident and reflected angles and your
knowledge of the relationship between the apparent and actual path lengths to draw solid lines
for the actual path light takes in going from the object to the eye. The “corner” image is
tricky…think hard….it’s a bit like a trick shot in billiards!
7. Draw arrows on all light rays indicating the direction of actual and apparent light.

Image #2

Image #3

Part B

Mirror

Object

Image #1

Mirror

Eye
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DATA & ANALYSIS
1. In centimeters, measure and record the apparent
path length of light for the “corner” image, that is
the distance from the “corner” image to the eye.

apparent path length

15.7 cm

actual path length

16.0 cm

2. In centimeters, measure and record the actual path
length of light for the “corner” image, that is the
distance from the object to the mirrors to the eye.

3. Show calculations below for the percent difference (formula in the back of the Lab Manual)
between apparent path length and actual path length. Do this for both Part A and Part B of lab.

14.0 cm − 14.1 cm
× 100% =
(14.0 cm − 14.1 cm)/2

0.712%

15.7 cm − 16.0 cm
× 100% = 1.89%
(15.7 cm − 16.0 cm)/2

QUESTIONS
1. Summarize your observations about “Reflections From a Plane Mirror”, including the properties
of the image(s) formed by the mirror(s). Use bullet points to outline these observations.
•

Incident angle should be equal to reflected angle.

•

Images created by plane mirrors appear behind the mirror.

•

Image distance behind the mirror should be equal to the object distance in front of the mirror.

•

Apparent path of light should be equal to the actual path of light.

•

With two mirrors at a right angle, three images are formed, one in the “corner.”

•

Images in plane mirrors are not inverted vertically, but are they inverted at all?

2. Explain in words and draw a top-view diagram of how a large plane mirror on wall can make a
room look bigger.
Mirror

A mirror makes virtual images for objects in front of the
mirror (an observer sees many of those images). If a
mirror covers an entire wall of a room, the “virtual space”
of the room is doubled for the observer!

Virtual
Bathroom

Bathroom

3. What’s the minimum length of a plane mirror needed to fully view your body? Use a ruler to
draw a side-view ray diagram showing both the object (you) and your image.
The minimum length of a mirror is exactly one-half the
height of the person using the mirror to see their image.
As seen in the diagram, the apparent rays from the
image’s foot and the image’s head pass through the
mirror, while the actual rays from the object’s foot and
head reflect off the mirror at these same points, so with a
little geometry it can be shown that the mirror required to
see the person’s full image is one-half their height.
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Reflections From A Curved Mirror
PURPOSE
In this lab you will become familiar with the physical properties of the images formed by a concave
mirror. Specifically, you will discover:
• where an object needs to be placed to form real and virtual images.
• where images will be upright or inverted.
• where images will be larger or smaller than the object size.
1 1 1
You will use the mirror equation = +
to calculate the focal length of the mirror.
f d o di
EQUIPMENT
- ticker tape
- index card
- curved mirror
- pins and clay
- light bulb
- meter sticks
di

MIRROR

index card

light bulb

do (1st one = 120 cm)
positive measurements in front of the mirror

PROCEDURE
PART A - REAL IMAGES
1. Practice making real images (in focus) by shining the light bulb into the mirror and capturing the
reflection on the 3x5 index card. Start with the light bulb about 120 cm from the mirror. You
may need to re-orient the mirror or move the 3x5 card before you’re able to see the image. Spend
a few minutes creating images, some that are located between the mirror and the object (the light
bulb!) and some located beyond the object.
2. When you are confident that you can create images at many locations you can begin to collect
data. Make quantitative measurements of four different object distances and the corresponding
image distances, where the image distance is less than the object distance. Measure and record
the object distance, in centimeters, from the light bulb filament to the mirror; record the image
distance, in centimeters, from the index card to the mirror. Be sure to make all measurements
with respect to the rear surface of the mirror because that is the reflective side.
3. Make qualitative observations about the image. (The focal length will be calculated later.)
a. LOCATION: either behind mirror, between mirror and object, at object, beyond object.
b. ORIENTATION: either upright or inverted (compared to the object).
c. SIZE: either larger, smaller, or same (compared to the object).
4. Now make four more measurements, but this time where the image distance is greater than the
object distance. Record the object and image distances, in centimeters, in the table and note the
image location, orientation, and size.
5. Make one more measurement where the image distance is equal to the object distance. This point
is called the center of curvature for the mirror. Again, record the object and image distance in the
table and note the image location, orientation, and size.
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PROCEDURE
PART B - VIRTUAL IMAGES
do

all negative measurements behind the mirror
image

pin
di

1. Use a florist pin in a piece of clay as an object.
2. Start by placing the pin close to the mirror, about 5 centimeters away.
3. Use a second pin in clay behind the mirror to find the image by parallax. This position needs to
be exact! Record the object and image distance in the data table.
IMPORTANT: All image points (di) will be negative in this region behind the mirror.
4. When the object pin is farther from the mirror it will be more convenient to use the small stick
provided instead of the pin. Again, this distance needs to be exact!
5. Make qualitative observations about the image:
a. LOCATION: either behind mirror, between mirror & object, at object, beyond object.
b. ORIENTATION: either upright or inverted (compared to the object).
c. SIZE: either larger, smaller, or same (compared to the object).
6. Move the object back in intervals of about 2.5 cm and find five more object/image distance pairs.
Add these data points to your data table. For the last few object positions, you may want to fix
the image position first, and then adjust the object position to correctly match the image marker.
This is an easier, fine-tune, adjustment.
DATA & ANALYSIS
1. Complete the data table for all real and virtual image data, both quantitative and qualitative.
2. Every student must use a TI Calculator lists to complete the quantitative analysis. Press STAT,
then ENTER. Enter the object distances into the first column L1, then the image distances into
the second column, L2. (Any existing data in these columns can be deleted by moving the cursor
to the column heading and pressing CLEAR, then ENTER.)
3. Use the TI Calculator to determine the experimental focal length for each object/image distance
data collected. Press STAT, then ENTER, move the cursor to the top of the L3 column (so it’s in
the column heading). Then type the correct function to calculate focal length based on the mirror
equation, and press ENTER. (Reciprocals are easily done using the x-1 button on the calculator!)
4. Record the focal lengths, with 3 significant figures, (19.5 cm, for example) in the last column of
the data table.
5. Calculate the average focus using all data points also using the TI Calculator. Press STAT, move
the cursor to CALC, press ENTER for 1-VAR Statistics, then L3 (use 2nd button and 3 button for
L3). This shows statistics for the column L3, including the average of the focal points listed as x .
6. The mirrors are manufactured to have a 20 cm focal length, but they are made with limited
tolerances, meaning that they may vary by up to ±1.0 cm. To get a more exact “known” focal
length for your mirror, take the location at which the object and image are equidistant (called the
center of curvature) and use exactly half that distance. For example, if the object and image were
found to be equidistant at 39.5 cm from the mirror, use 39.5÷2=19.75 as the known focal length.
7. Find the percent error (look up the formula in the back of the Lab Manual!) between your
average “experimental” focal length and the “known” focal length.
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REAL IMAGES
VIRTUAL IMAGES

L1

L2

L3

object
distance
do (cm)

image
distance
di (cm)

image
location

image
orientation

image
size

Focal
length
f (cm)

120.0

23.8

between

inverted

smaller

19.9

100.0

24.5

between

inverted

smaller

19.7

90.0

25.6

between

inverted

smaller

19.9

70.0

28.3

between

inverted

smaller

20.2

30.0

58.6

beyond

inverted

larger

19.8

25.0

100.2

beyond

inverted

larger

20.0

35.0

46.1

beyond

inverted

larger

19.9

37.0

42.2

beyond

inverted

larger

19.7

39.7

39.7

at object

inverted

same

19.8

5.0

-6.4

behind

upright

larger

22.8

7.5

-11.5

behind

upright

larger

21.5

10.0

-20.4

behind

upright

larger

19.6

12.5

-31.0

behind

upright

larger

20.9

15.0

-62.5

behind

upright

larger

19.7

17.2

-116.8

behind

upright

larger

20.2

average

20.2

Two sample calculations for finding focal length (include units with the answer):
real image:

1 1 1
1
1
= + =
+
⇒ f = 19.9 cm
f do di 120.0 cm 23.8 cm
virtual image:

1 1 1
1
1
= + =
+
⇒ f = 21.5 cm
f do di 7.5 cm −11.5 cm
Percent error calculation:

percent error =

known − experimental
19.8 − 20.2
× 100% =
× 100% = 2.02%
known
19.8
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QUESTIONS & CALCULATIONS
1. At what object location does the image type and image orientation change? Describe the
differences between images formed when the object is inside versus outside this point.
The image type changes from real to virtual, and the image orientation changes from inverted to
upright at the focal point. When the object is placed outside the focal point (part A of lab), the
image created is real and inverted. When the object is placed inside the focal point (part B of
lab), the image created is virtual and upright.
2. At what object location does the image size equal the object size? Describe the differences
between images formed when the object is inside versus outside this point.
The image size changes from smaller to larger at the center of curvature (twice the focal point).
When the object is placed outside the center of curvature (first four data points in part A of lab),
the image created is smaller. When the object is placed inside the center of curvature (next four
data points in part A of lab), the image created is larger.
3. Describe several practical uses for concave mirrors. Be specific about where an object is placed
in front of the mirror, and what properties are observed for the image created.
•

A cosmetic mirror, where the object is placed inside the focal point, and the image is located
behind the mirror, the orientation is upright, the size is larger, and the type is virtual.

•

A reflecting telescope, where the object is placed inside the far away, and the image is located
between F and 2F the mirror, the orientation is inverted, the size is smaller, and the type is real.

•

A magnifying mirror for a projector, where the object is placed between F and 2F, and the image
is located beyond 2F, the orientation is inverted, the size is larger, and the type is real.

•

An inverting mirror for an optical instrument, where the object is placed at 2F, and the image is
located at 2F, the orientation is inverted, the size is same, and the type is real.

4. In this lab, only concave mirrors were investigated. Convex mirrors are important too. What
properties (location, orientation, size, type) are observed for images created with convex
mirrors? How would you collect data to measure the focal length of a convex mirror? (Hint:
compare your answer to one part of this lab.)
The properties of an image created by a convex mirror are always: image location behind mirror,
image orientation inverted, image size smaller, and image type virtual.
To collect data in a lab using a convex mirror, place an object in front of the mirror and use
parallax to locate the image. A florist pin would work well as the object. Another florist pin is
placed behind the mirror as a locator of the image, with the image distance less than the object
distance. This image distance is recorded with a negative sign because it is a virtual image.
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RAY DIAGRAMS FOR MIRRORS
1. For each object draw all three principal rays:
A. Parallel Ray B. Focal Ray C. Center Ray
2. Locate and draw the image, then label it with an “I”. Be sure the image arrow points in the proper
direction to show correct orientation.
3. State the image Location, Orientation, Size, and Type (LOST) in the space provide.
4. Below the diagram give a practical example of using the mirror for each situation.
Concave (converging) mirror, object beyond the center of curvature
L: between F and C
O: inverted
S: smaller
T: real

C

F
image

Practical application: a reflecting telescope has a concave mirror to first make a small, inverted,
real image

Concave (converging) mirror, object between the center of curvature and the focal point
L: beyond 2F
O: inverted
S: larger
T: real

C

F

image

Practical application: a projector that uses a concave mirror to make a larger, real image
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Concave (converging) mirror, object inside the focal point

L: behind mirror
O: upright
S: larger
T: virtual

C

F

image

Practical application: a cosmetic or dentist mirror could use a concave mirror to make a larger,
upright, virtual image

Convex (diverging) mirror, object in front of the mirror

L: behind mirror
O: upright
S: smaller
T: virtual

image

F

C

Practical application: a safety mirror (ATM machine) or security mirror (driveway) makes a
smaller, upright, virtual image
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Refraction of Light
PURPOSE
To discover how light bends through a transparent
medium both qualitatively and quantitatively.
EQUIPMENT
- refraction tank for water; refraction tank for oil
- florist pins
- protractor
- ruler

incident
angle
incident
ray

normal
line

θi
refractive
surface

refracted
angle

θr

refracted
ray

PROCEDURE
1. Fill the refraction tank (semicircular plastic container) two thirds full with water.
2. Place the refraction tank on the worksheet so that it is below the baseline, with the flat back edge
exactly along the base line, and the vertical scratch on the back is exactly lined up with the
normal line on the paper.
3. Place a florist pin on incident ray #1 at the hash mark. Mark sure the pin is vertical.
4. From table level, looking through the water in the tank from the curved side, move your head
side to side until the scratch on the tank is in line with the image of the florist pin.
5. Now place a second florist pin on this line of sight, in front of the refraction tank. Look through
the water (be certain your line of sight is under the surface of the water). The two pins and the
scratch on the tank will appear to be superimposed. It’s a lot like looking (from end view) at
three people all standing in a line, and only seeing the first person because the other two are
exactly behind that first person. Your lab partner can look from the backside to check alignment.
6. This second pin is now on refracted ray #1. Label the second pinhole with this number. Rays #4
and #7 are the hardest, so be extra careful marking them.
7. Repeat steps 1-6 for all incident rays marking a pinhole for each refracted ray.
8. Lastly, use the technique you just learned to determine the amount of refraction for cooking oil.
Use the same procedure and analysis as you did in steps 1-7.
DATA & ANALYSIS
1. Remove the refraction tank and draw all seven refracted rays, each one passing through a
pinhole. Use a sharp pencil and a ruler.
2. Use the protractor, with zero degrees (0˚) aligned with the normal line, to measure exactly the
incident angles (the angles between each incident ray and the normal). Then measure exactly the
refracted angles (the angles between the refracted ray and the normal). All angles are acute (less
than 90˚) and positive. Measure all angles to three significant figures.
3. To make sure you have the least amount of experimental error, you can round all the incident
angles to a multiple of 5˚. These angles were generated exactly on a computer. The refracted
angle must be recorded to the nearest half degree (three sig figs).
4. Set your calculator on Degree Mode (use Mode button). Complete the data table for each of the
columns: qi, qr, and sinqi/sinqr by entering the data into L1, L2, and L3 on your TI calculator
(refer to “Reflections From A Curved Mirror” activity for help with graphing calculator skills.)
5. Look at the pattern in the final column. If your data collection is precise the numbers will be
similar. Find the average of these numbers and record that average in the date table. Press STAT,
then move the cursor to CALC, then 1: Stats 1-Var, then L3 for the average.
6. Calculate percent errors, where n = 1.33 for water and n = 1.47 for oil. If any trial is more than
0.1 off from the known you should try that ray again and update the average value.
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normal

Worksheet I

incident ray

2

5

1

6
7

3

θi

4

pin

hash marks

base line

θr

refracted ray

7

6

pin

5

1

2

3

4
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incident ray

2

normal

Worksheet II

5

1

6
7

3
4

base line

7

6

5

1

2

3

4
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Data Table
Water
Angle
#

L1
Incident
Angle, θ i

L2
Refracted
angle, θ r

Angle
#

L1
Incident
angle, θ i

L2
Refracted
angle, θ r

sin θ i
sin θr

sin θ i
sin θr

1

30.0˚

21.5˚

1.36

1

30.0˚

19.5˚

1.50

2

40.0˚

29.0˚

1.33

2

40.0˚

26.5˚

1.44

3

50.0˚

36.0˚

1.30

3

50.0˚

31.0˚

1.49

4

60.0˚

41.0˚

1.32

4

60.0˚

35.5˚

1.49

5

25.0˚

18.5˚

1.33

5

25.0˚

16.0˚

1.53

6

35.0˚

25.0˚

1.36

6

35.0˚

23.0˚

1.47

7

45.0˚

32.5˚

1.32

7

45.0˚

28.5˚

1.48

average:

1.33

average:

1.49

percent error:
1.33 − 1.33
× 100% = 0.00%
1.33

L3

Oil

L3

percent error:

1.47 − 1.49
× 100% = 1.36%
1.47

QUESTIONS & CALCULATIONS
1. Compare the refraction of light when passing from air into water, to light from air to oil.
When light passes from air into water, it bends toward the normal line less than it does when
light passes from air to oil, because light travels slower in oil than in water.
2. While collecting data, you probably noticed that when light passed through the water a
magnified, upright image of the florist pin was created. Considering the labs on mirrors, make a
statement about why this occurs.
The upright image of the florist pin is a larger, virtual image. The object (florist pin) is inside the
focal length (that’s why there’s a hash mark!) of the semicircular water lens, which produces an
upright, larger, virtual image because the lens is a converging (convex) lens.

3. Use bullet points to cite some common “refraction effects” that you have observed in the world
around you. Think about how light is bent to cause a noticeable effect.
Many examples, including:
•

A rainbow created by light shining onto many water droplets

•

Seeing a person stand in the shallow end of a pool, where there lower body looks shortened.

•

Looking at a glass of water (or a water bottle) and seeing it act as a lens for objects behind it.

•

Seeing heat from a campfire or a stove burner that causes “ripples” in the air nearby.

•

Watching a sunrise or sunset where the atmosphere distorts the appearance of the sun’s disk.
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Snell’s Law
PURPOSE
To use Snell’s Law to determine the index
of refraction of an acrylic trapezoid.
EQUIPMENT
- trapezoidal prism
- ray box
- light source
- protractor

!1

!2

PROCEDURE
1. Place the ray box and the prism on the “Ray Tracings” page and position them so the ray passes
through the parallel sides of the prism, as shown in the picture above. The incident angle should
be at least 30 degrees
2. Lightly trace around the sides of the prism. Next mark the points where the ray enters and leaves
the prism. Also, mark one more point on the incident and transmitted rays so you can construct
these rays with a ruler.
3. Remove the prism. With a ruler draw the incident ray, refracted ray, & transmitted ray.
4. At the point where the incident ray enters the prism carefully construct the normal to the surface
using a protractor and ruler.
5. Measure the incident angle and the refracted angle carefully with a protractor. Record the angles
in the data table below.
6. Repeat steps 1-5 to make a new ray tracing with a different incident angle. Share the data with
your group, and record the best four trials in the table below.
Incident
Angle, q1

Refracted
Angle, q2

Experimental
Index, n

Trial 1

45.0˚

29.0˚

1.46

Trial 2

40.0˚

25.5˚

1.49

Trial 3

36.0˚

23.5˚

1.47

Trial 4

65.0˚

37.0˚

1.51

average:

1.48

Sample calculation:

n1 sin θ1 = n2 sin θ 2
1.00sin 45.0˚= n2 sin 29.0˚
n2 =

sin 45.0˚
= 1.46
sin 29.0˚

DATA & ANALYSIS
1. Using Snell’s Law and your data, calculate the index of refraction for the prism, assuming that n =
1.0 for air. Record the result for each of the data sets in the table.
2. Calculate the percent error for the experimental index of refraction for the prism found in this lab vs.
the known index of refraction of n = 1.50
1.33
% error = ________

percent error =

known − experimental
1.50 − 1.48
× 100% =
× 100% = 1.33%
known
1.50
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Ray Tracing #1

no

rm
al

θ1 = 45˚
θ2 = 29˚

Ray Tracing #2

no
al

rm

θ1 = 65˚

θ2 = 37˚

16

QUESTIONS & CALCULATIONS
1. Use a protractor to measure the incident angle shown below. Then calculate the path the light would
take as it passes through each of the following layers of material. With a ruler, draw the path
carefully, label all angles, and show all of your calculations to the right of the diagram.
θ1 = 60˚

air (n = 1.0)

n1 sin θ1 = n2 sin θ 2
1.0sin 60.0˚= 1.48sin θ 2

θ 2 = sin −1 (1.0sin 60.0˚/1.48 ) = 35.8˚
θ2 = 35.8˚
θ3 = 35.8˚

oil (n = 1.48)

1.48sin 35.8˚= 1.33sin θ 4

θ 4 = sin −1 (1.48sin 35.8˚/1.33) = 40.6˚
1.33sin 49.0˚= 1.65sin θ 6

θ4 = 40.6˚

water (n = 1.33)
θ5 = 49˚

θ 6 = sin −1 (1.33sin 49.0˚/1.65 ) = 37.5˚

glass (n = 1.65)
θ6 = 37.5˚

2. A “crude” lens is shown below. The lens is “crude” because the glass doesn’t curve gently. Instead,
the lens is made up of three chunks of glass that, when attached together, fits the definition of a lens.
The glass has an index of refraction of 1.50. Use Snell’s Law to continue the paths of the incident
rays shown until they exit the lens. Finally, mark the focus of the lens with an “F.” Show work
carefully in the space provided.
n1 sin θ1 = n2 sin θ 2

53˚
θ1 = 26.5˚

1.0sin 26.5˚= 1.50sin θ 2

θ2 = 17.7˚

θ 2 = sin −1 (1.0sin 26.5˚/1.50 ) = 17.7˚

θ4 = 60.1˚

θ 3 = 90˚−(180˚−17.7˚−52˚−(90˚−θ 2 )
θ 3 = 53˚−17.7˚= 35.3˚

θ3 = 35.3˚

F
n3 sin θ 3 = n4 sin θ 4
1.50sin 35.3˚= 1.00sin θ 4

θ 4 = sin −1 (1.50sin 35.3˚/1.00 ) = 60.1˚
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Real Images from a Converging Lens
PURPOSE
In this lab you will become familiar with the physical properties of the real images formed by a
converging lens. Specifically, you will discover:
• where an object needs to be placed to form real images.
• whether images will be upright or inverted.
• when images will be magnified and reduced.
1 1 1
You will also use the thin lens equation, = + , to calculate the focal point of the lens.
f d o di
EQUIPMENT
- optics bench
- screen
- converging lens
- light source
light
source

screen

lens

do

di

both distances are positive (real)

PROCEDURE
1. Much like the real images formed by a converging (concave) mirror, you will create real images
with a converging (convex) lens. Practice making a few real images by shining the light source
into the lens and catching the refracted real image on the white screen. On the optics bench,
position the lens between the light source (the object) and the screen (the image). Start with the
object and the image are at about one meter apart.
2. When you are confident that you can create images at many locations you can begin to collect
data. Make quantitative measurements of at least 11 different object positions and the
corresponding image positions. Five of these images must be nearer to the lens than the object
and five of them further than the object, and one where the object and image are same distance.
3. Make qualitative observations about the image:
a. LOCATION: either farther than object, same distance as object, closer than object.
b. ORIENTATION: either upright or inverted.
c. SIZE: either larger, smaller, or same.
Use the data table to record all quantitative and qualitative information.
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DATA & ANALYSIS
1. Complete the data table below for all real image data. Enter your data in the list columns of your
calculator. Using a third column, generate an equation for the focal length according to the thin
lens equation. Re-measure and replace data for any anomalies. Show one sample calculation
below for using the mirror equation.
2. Calculate the average focus using all legitimate data points. You can use the STAT » Calc » 1VAR Statistics to get the average of the focal points. (Or use List » Math» Mean)
3. Find the percent error between your average focal length and the known focal length for the lens.
The lenses are supposed have a 20 cm (200 mm) focal length, but they are made with ordinary
tolerances, meaning that they may vary by up to ±0.5 cm. To get a more exact known focal
length for your lens, take the location at which the object and image are equidistant and use
exactly half that distance. For example, if the object and image were both found at 39.5 cm from
the lens, use 19.75 as the known focal length.
L1

L2

L3

object
distance
do (cm)

image
distance
di (cm)

image
location

image
orientation

image
size

focal
length
f (cm)

50.0

33.3

closer

inverted

smaller

20.0

45.0

35.9

closer

inverted

smaller

20.0

40.0

39.6

closer

inverted

smaller

19.9

60.0

30.0

closer

inverted

smaller

20.0

55.0

31.4

closer

inverted

smaller

20.0

35.0

46.2

further

inverted

larger

19.9

30.0

59.0

further

inverted

larger

19.9

29.0

63.4

further

inverted

larger

19.9

28.0

68.7

further

inverted

larger

19.9

27.0

75.3

further

inverted

larger

19.9

39.8

39.8

same
distance

inverted

same

19.9

average

19.9

Sample calculation for focal length (include units with the answer):

1 1 1
1
1
= + =
+
⇒ f = 20.0 cm
f do di 50.0 cm 33.3 cm
Percent error calculation:

percent error =

known − experimental
19.9 − 19.9
× 100% =
× 100% = 0.00%
known
19.9
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QUESTIONS & CALCULATIONS
1. Like converging mirrors, a converging lens can make virtual images. Draw a picture of how you
would collect virtual image data for this lab. Show where you would place the object, and what
properties (LOST) of the image would be expected. What technique must be used to collect data?
For a convex lens, to create a virtual
image, the object must be located inside
the focal point, F of the lens. The
observed would be on the other side of
the lens from the object.
Parallax would be used to find the image
location, where a marker for the image is
adjusted until its location yields an
alignment with the image seen through
the lens.
The properties of the image created are:
image location in front of lens
image orientation upright
image size larger
image type virtual
2. Draw a picture of how a single converging lens could be used in a camera to photograph a distant
object. What properties (LOST) of the image would be expected? How can this all fit in a cell
phone camera? Honors: how does a macro lens work?
For a camera lens, the object is located far
from the lens (well beyond 2F). In a cell
phone, the lens focal length is very short.
The properties of the image created are:
image location behind lens, between F & 2F
image orientation inverted
image size smaller
image type real
For a macro camera lens, the object is located
close to the lens (inside 2F).
The properties of the image created are:
image location behind lens, beyond 2F
image orientation inverted
image size equal or greater
image type real
3. Draw a picture of the optics of an LCD projector like the one mounted to the ceiling of many
classrooms. Where is the object located with respect to the lens? What properties (LOST) of the
image would be expected? Why isn’t the projected image upside down?
In an LCD projector, the object is
located between F and 2F (close to F).
The properties of the image created are:
image location behind lens, past 2F
image orientation inverted
image size larger
image type real
The projected image is “right-side-up”
because the object is “upside-down” However, it is an inverted image!
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RAY DIAGRAMS FOR LENSES
1. For each object draw all three principal rays:
A. Parallel Ray B. Focal Ray C. Center Ray
2. Locate and draw the image, then label it with an “I”. Be sure the image arrow points in the proper
direction to show correct orientation.
3. State the image Location, Orientation, Size, and Type (LOST) in the space provide.
4. Below the diagram give a practical example of using the lens for each situation.
Convex (converging) lens, object beyond two focal lengths

F

2F

F

L: behind lens, btw F and 2F
O: inverted
S: smaller
T: real

2F

image

Practical application: a refracting telescope has a convex lens to first make a small, inverted,
real image; also, a camera lens makes a smaller, inverted, real image

Convex (converging) lens, object between the focal point and twice the focal point

2F

F

F

2F

L: behind lens, past 2F
O: inverted
S: larger
T: real
image

Practical application: a refracting microscope has a convex lens to first make a larger, inverted,
real image; also, an LCD projector and a macro lens can make a larger,
inverted, real image
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Convex (converging) lens, object inside the focal point

2F

F

F

2F

image

L: in front of lens
O: upright
S: larger
T: virtual

Practical application: a magnifying glass is a convex lens to make a larger, upright, virtual
image; also, an eyepiece lens; also, eyeglasses to correct farsightedness

Concave (diverging) lens, object in front of the lens

2F

F

image

F

2F

L: in front of lens
O: upright
S: smaller
T: virtual

Practical application: a wide angle lens like a peep hole in a door; also, a Fresnel wide angle
lens on the back window of an RV; also, eyeglasses to correct
nearsightedness
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Total Internal Reflection
PURPOSE
To measure the critical
angle for an acrylic
trapezoid to determine the
index of refraction.
EQUIPMENT
- trapezoidal prism
- ray box
- light source
- protractor
PROCEDURE
1. Place the ray box and the prism on the “Ray Tracings” page and position them so the ray passes
through the tip of the prism, as shown in the picture on the top left. (Don’t shine the ray through
the prism too near the triangular tip.)
2. Rotate the prism slowly until the refracted ray disappears and total internal reflection first
occurs, as shown in the picture on the top left.
3. In pencil, lightly trace around the sides of the prism. Next mark the “entrance point” “reflection
point” and “exit point” on the prism.
4. Remove the prism and with a ruler draw the incident ray and the reflected ray inside the prism
only. Label the angle formed by total internal reflection as 2θc , twice the critical angle.
5. Measure this angle carefully with a protractor, then divide by two. You may need to extend the
rays to make the protractor easier to use. Record the critical angle in the data table below.
6. Repeat steps 1-5 to make a new ray tracing. Share the data with your group, and record the best
four trials in the table below.
Critical
Angle, qc

Experimental
Index, n

Trial 1

41.3˚

1.52

Trial 2

42.5˚

1.48

Trial 3

41.5˚

1.51

Trial 4

43.0˚

1.47

average:

1.49

Sample calculation:
n1 sin θ1 = n2 sin θ 2
n1 sin θ c = n2 sin 90˚
n1 =

1.00
1.00
=
= 1.52
sin θ c sin 41.3˚

DATA & ANALYSIS
1. Using the critical angle equation and your data, calculate the index of refraction for the prism,
assuming n = 1.0 for air. Record the result for each of the data sets in the table.
2. Calculate the percent difference (not percent error) for the experimental index of refraction for the
prism found in this lab vs. the index of refraction found in Snell’s Law Lab. Show work below.

percent diff =

exp1− exp2
1.48 − 1.49
× 100% =
× 100% = 0.67%
(exp1+ exp 2) / 2
(1.48 − 1.49) / 2
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% difference = ________
Ray Tracing #1

exit
point

82.5˚

entrance
point

reflection
point

Ray Tracing #2

exit
point

86.0˚
entrance
point
reflection
point
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QUESTIONS & CALCULATIONS
1. Using the known value for the index of refraction (n = 1.50) for the trapezoidal prism, calculate the
critical angle when the prism is submerged in water (n = 1.33).

sinθc =

n2 1.33
⎛ 1.33 ⎞
=
⇒ θc = sin −1 ⎜
= 62.5˚
⎝ 1.50 ⎟⎠
n1 1.50

2. Give some examples of practical applications of Total Internal Reflection.
•

fiber optics cables (used in medical devices like the endoscopes)

•

isosceles prism in binoculars and periscopes for redirecting light along a new parallel path

•

bike reflectors use TIR to send headlights back to car drivers

•

glass or plastic screens for touch sensitivity or other technologies (using frustrated TIR)

•

diamonds that easily do TIR twice to create sparkly top faces

3. A ray of light is incident on a prism shown below. Using a protractor, measure the incident angle.
Then use Snell’s Law to determine (and draw) the path of the ray into and out of the prism, which
includes total internal reflection on the right side of the prism. Show all work in the space provided.

n1 sin θ1 = n2 sin θ 2
1.0sin 60.0˚= 1.60sin θ 2

θ 2 = sin −1 (1.0sin 60.0˚/1.60 ) = 32.8˚
57.2˚
32.8˚

1.60sin 32.8˚= 1.00sin θ 4
θ 4 = error (or show θ c = 38.7˚) TIR!!

32.8˚
57.2˚
57.2˚

12.2˚

θ 5 = (180˚−45˚−(90˚−θ 4 )) − 90˚
= 102.2˚−90˚= 12.3˚
1.60sin12.3˚= 1.00sin θ 6

θ 6 = sin −1 (1.60sin12.3˚/1.00 ) = 19.8˚

n = 1.6

19.8˚
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Slinkys - An Introduction to Waves
PURPOSE
In this lab you will be observing the behavior of
transverse and longitudinal waves and trying to
make applications to everyday wave phenomena.
The medium to be used is a large slinky.
EQUIPMENT
- slinky

- string

-cell phone stopwatch

PROCEDURE & ANALYSIS
PART A - WAVE SPEED
1. Stretch the slinky out on the floor to a length of 20 feet. Count the floor tiles, which are each a
square foot. Hold each end of the slinky firmly to the floor.
CAUTION: Avoid releasing an end of the stretched spring; the untangling process can be
very difficult! Don’t over stretch! Slinkys cost $15 and you will be charged for damages!
2. With one end held rigidly in place, give the other end a quick, sharp jerk to the side and then
bring it back immediately to its starting position. The pulse generated must have a well-defined
beginning and end for your observations to be meaningful. This type of wave pulse is called
transverse. Why?
3. Use the stopwatch to measure transverse wave speed. The timing will be rather short, and human
reaction time will greatly affect your measurements, so develop a system to avoid human
reaction time. Calculate the average time, and then the speed in feet per second (ft/s).
transverse
wave time

Trial 1

Trial 2

Trial 3

Trial 4

Average

2.28

2.21

2.22

2.26

2.24

20 ft distance traveled: ________
40 ft
17.9 ft/s
slinky length: _______
transverse wave speed: ________
4. Without changing the Slinky length, create a wave compression by holding the end of the slinky
firmly to the floor with one hand and reaching with the other hand to gather a few coils of the
slinky together and then releasing them. You should feel like you are essentially “throwing” the
compress ion forward. This type of wave pulse is called longitudinal. Use the stopwatch and
tile lengths to measure longitudinal wave speed.
longitudinal
wave time

Trial 1

Trial 2

Trial 3

Trial 4

Average

0.85

0.89

0.93

1.01

0.92

20 ft distance traveled: ________
20 ft
21.7 ft/s
slinky length: _______
longitudinal wave speed: ________
5. Repeat steps 3 & 4 with the Slinky stretched to 30 feet. DO NOT go beyond this length because
the Slinky will be damaged! Again, measure the transverse and longitudinal wave speeds in feet
per second.
transverse
wave time
longitudinal
wave time

Trial 1

Trial 2

Trial 3

Trial 4

Average

2.15

2.15

2.18

2.16

2.16

1.02

0.93

0.98

0.96

0.97

30 ft distance traveled: ______
30.8 ft/s
60/30 ft transverse speed: _______
27.8 ft/s longitudinal speed: _______
slinky length: ______
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PROCEDURE & ANALYSIS
PART B - WAVE INTERACTIONS (Use of cell phone video in slo-mo is recommended!)
1. With the Slinky stretched to 30 feet, have your partner hold the far end of the slinky firmly
against the floor. Create a single, well-defined transverse wave pulse. Watch the pulse as it
reflects off the held end of the Slinky. This is called a closed-end reflection. Describe the size
and orientation of the wave pulse after a closed-end reflection and sketch on the facing page.
The reflected wave is slightly smaller in size and its orientation is inverted (on other side of the
slinky)
after
before

2. Use the long piece of string attached the end of the Slinky. Have your partner hold the end of the
string firmly against the floor, so that the Slinky is free to move on that end. Create a single, welldefined transverse wave pulse from the other end of the Slinky. Watch the pulse as it reflects off
the string. This is called an open-end reflection. Describe the size and orientation of the wave
pulse after an open-end reflection. How is it different from a closed-end reflection? Sketch too!
The reflected wave is slightly smaller in size and its orientation is upright (on same side of the
slinky). The open-end reflection does not have the force to invert the wave pulse, it stays upright.

after

before

3. Hold the ends of the Slinky without using the string again. Now, you and your partner must
generate transverse pulses of different sizes from each end of the Slinky at the same time. Count
“1,2,3,Go!” Observe what happens when the two pulses meet. Do they pass through each other
or bounce off one another? How do you know? Explain and sketch on the facing page.
When the two pulse meet, they combine to briefly create a larger (amplitude) wave. These waves
do not bounce off each; they pass through each other, as seen by the larger wave pulse
continuing past the smaller wave pulse (and visa versa).

after
before
4. Now you and your lab partner each send a transverse wave pulse towards each other, making
sure the two pulses are on the same side of the Slinky. Look at the location where the two pulses
meet. It happens quickly so pay attention! How does the amplitude of the resulting combined
pulse compare to the amplitudes of the two individual pulses? Explain and sketch on facing page.

When the waves meet, the amplitudes combine additively, so the combined wave is briefly taller.

before

during

Carefully put the slinky back in the box, with string neatly wrapped up, and return to class.
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QUESTIONS
1. Earthquakes have four different waves types. The two most common are primary waves that
travel at about 6-13 km/s and secondary waves that travel at about 3.5-7.5 km/s.
a. From your observations of different kinds of waves, which earthquake wave is classified as
transverse, and which is classified as longitudinal?
The longitudinal wave is faster on the slinky than the transverse wave. Therefore, the primary
wave must be longitudinal and the secondary waves must be transverse. Geophysicists use this
information to determine the timing of the arrival of these waves.

b. Honors only: How might seismologists determine the epicenter of an earthquake using the
information about different wave speed for different wave types?
Seismologists determine the epicenter of an earthquake by comparing the arrival times of the
primary and secondary waves. If both waves speed are known (or well-estimated), and the arrival
time of each wave type is measured, then the distance traveled can be calculated with algebra.
For better results, many seismographs are used to “triangulate” a more exact distance to the
epicenter.
2. Consider how a stringed instrument is tuned. How does tightening or loosening a string affect the
speed of the wave on that string? How does the sound produced change?
When a string is tightened on an instrument, it’s a lot like stretching out the slinky to a longer
length, because it gives the medium more tension. The sound produced is audibly higher
frequency (or pitch). Loosening a string causes the opposite – an audibly lower frequency.

3. What kind of reflections (open-end or closed-end) do you think occur on a stringed instrument?
What about on a wind instrument at the end of the air column opposite the mouthpiece?
Stringed instruments are a lot like the slinky in the lab; that is, the string is firmly attached to the
body of the instrument, so a closed-end reflection occurs.
Wind instruments are more complicated: the mouthpiece may act as a closed end (if a reed is
used), but more typically the mouthpiece is an open-end. The other part of the instrument usually
has a bell or flared shaped, and is an open-end.
4. Sound is a wave much like the (longitudinal) waves on the Slinky. How would life be different if
two (or more) sounds waves could bounce off each other instead of passing through each other?
If sounds waves bounced off each other instead of passing through each other, communication
would be very difficult. Any two voices could bounce, and the listener would hear themselves
mostly, not the other person! Same with EM waves. It’s a good thing waves pass each other!
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Speed of Sound
Note: Please do not strike the tuning forks against any hard surface. This alters their frequency.
Vibrating a medium at the resonant frequency can produce standing
waves. When this is done, an increase in amplitude occurs. This can
be seen in musical instruments, buildings and bridges. In this lab,
the speed of sound can be determined if we know the frequency at
which the air column is vibrating and the air column’s length.

L

PURPOSE
Determine the speed of sound by measuring the length of an air
column vibrating at its fundamental frequency (also called the
first harmonic mode of oscillation).
PROCEDURE, DATA, & ANALYSIS (Show all work)
1. Check the thermostat reading (it’s next to the door) for room
temperature in degrees Fahrenheit. Then convert into
degrees Celsius using:
5
5
TC = (TF − 32 ) = ( 74 − 32 ) = 23.33 ˚C
9
9

water

2. Determine actual (known) speed of sound:
vSOUND = 331 + 0.6TC = 331+ 0.6 ( 23.33 ˚C ) = 345.0 m/s

3. Place the plastic tube into the 100-milliliter graduated cylinder and fill the cylinder with water to
the 80-milliliter mark.
4. Select a tuning fork and record its frequency (the number is stamped on the tuning forks).
Frequency, f = _______
288 Hz
5. Strike the tuning fork with the rubber mallet and hold it about 1 cm above the open end of the
tube. Move both the fork and the tube up and down to find the air column length that gives the
loudest sound. Important: this loud sound will be at the same frequency as the tuning fork.
Listen to the tuning fork and then the resonating air column to be sure.
6. Measure the actual length of the air column in meters. Remember that this is the distance from
the surface of the water to the top of the plastic tube.
0.286 m
Actual Length, L = ________
7. It turns out that the air resonates slightly above the tube. This point is influenced by the diameter
of the air column. We must correct for this by adding to the Actual Length (L). Measure the
inside diameter of the tube (in meters), and multiply by 0.4.
0.025 m
Diameter of tube = ________

0.010 m
Diameter x 0.4 = _______

0.296
Effective length of air column, Leff = Actual Length (L) + (Diameter x 0.4) = _______m
8. The wavelength of the sound wave is four times the effective length of the air column (L) (you
will see why next week!). With the equation v = λ f , calculate the speed of sound
Wavelength, l = 4Leff = (0.296 m)(4)
Speed of sound in air, v = lf = (1.184 m)(288 Hz)

1.184 m
_______
341.0 m/s
________
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Tuning fork #2 (show work in space provided)
426.7 Hz
Frequency, f = _______
0.192 m
Length, L = ________
0.202 m
Effective length of air column, Leff = Length (L) + (Diameter x 0.4) = _______
Wavelength, l = 4Leff = (0.202 m)(4)
Speed of sound in air, v = lf = (0.808 m)(426.7 Hz)

0.808 m
_______
344.8 m/s
________

Tuning fork #3 (show work in space provided)
480 Hz
Frequency, f = _______
0.171 m
Length, L = ________
0.181 m
Effective length of air column, Leff = Length (L) + (Diameter x 0.4) = _______
Wavelength, l = 4Leff = (0.181 m)(4)
Speed of sound in air, v = lf = (0.724 m)(480 Hz)

0.724 m
_______
347.5 m/s
________

QUESTIONS & CALCULATIONS
1. Calculate the average experimental speed of sound measured by the three tuning forks.
341.0 m/s + 344.8 m/s + 347.5 m/s
= 344.4 m/s
3

2. Calculate the percent error between the average experimental speed of sound and the known
speed of sound determined earlier, based on air temperature.

% error =

known − experimental
345.0 − 344.4
× 100% =
× 100% = 0.16%
known
345.0

3. Look at the data for the lowest and highest frequency tuning forks. Which one resonated with the
longest wavelength? The shortest wavelength? Make a brief statement about the physical size of
any wind instrument and the frequency of sounds it can produce.
The longest tuning (lowest frequency) fork resonated with the longest wavelength, while the
shortest tuning (highest frequency) fork resonated with the highest wavelength. The physical size
of an instrument is proportional to its resonant frequencies. A long tuba resonates with longer
wavelength (lower frequency) than a short trumpet. A long bass guitar resonates with longer
wavelength (lower frequency) than a short ukulele.
4. What are some sources of error in this experiment? (Simply saying “human error” is not an
acceptable answer!)
• Hearing the loudest resonance is challenging with some many other noises in the classroom.
•

Measuring the length of the air column is subject to a bit of error since the water surface is
curved and the approximation of 0.4 x diameter added to the air column length is approximate.

•

The tuning forks are likely not made to exact frequency as claimed by the manufacturer.
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Waves on a String – PHET Simulation
EQUIPMENT: Chromebook, pencil (make careful drawings, no pens allowed!)
PURPOSE
To understand and explore wave properties and interactions.
INTRODUCTION
Go to the website below to access the simulation. Google search for “PHET waves” to find it easily.
https://phet.colorado.edu/sims/html/wave-on-a-string/latest/wave-on-a-string_en.html
Press the “play” button to load the simulation. It’s HTML5 and should work on any browser.
PROCEDURE
Part A - Test the simulation and start the lab activity
Change settings to “Oscillate” and “No End”. Set “Amplitude”=0.50 cm and “Frequency”=1.50 Hz, “Damping”
to None, “Tension” to High, and select Normal (not Slow Motion). Draw observations in the first box below.
Change one setting at a time, and recording your observations for only that change: 1) “Amplitude” to 1.25 cm,
2) “Frequency” to 3.0 Hz, 3) “Damping” to medium, and 4) “Tension” to Low. Reset your settings between trials.
Careful! This button
will clear all settings
to the defaults.
Use “Restart” to begin
a new trial instead.

1) Change the amplitude (keep frequency constant) and show its effect with drawings below (use a ruler!)
Low (0.50 cm)
High (1.25 cm)

2) Change the frequency (keep amplitude constant) and show its effect with drawings below:
Low (1.5 Hz)
High (3.0 Hz)

3) Change the damping and show its effect with drawings below:
None

Medium

4) Change the tension and show its effect with drawings below: (draw a shorter arrow for lower velocity)
High
Low
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Part B - Reflections: Change the settings to “Pulse” and “Loose End”. Adjust “Amplitude” and “Pulse Width” to
maximum, “Damping” to none, “Tension” to low and select Normal (not Slow Motion).
Click
to send one pulse down the string and observe the reflection at the fixed end. Record your observations
(in the boxes below) during and after the reflection.
Change the settings to “Fixe End” and repeat, drawing during and after the reflection in the boxes below.
before

Loose End
during (when it reaches the end)

after

before

Fixed End
during (when it reaches the end)

after

Part C - Interactions: Leave the settings from part B. This time create a second pulse exactly when the first pulse
begins reflecting at the end of the string. Click
to advance the frames step-by-step to clearly see the
interactions. Record observations (in the boxes below) during and after the interaction. Repeat for “Loose End”.
Fixed End
before (use arrows for direction) when waves overlap – superposition!

after (use arrows for direction)

Loose End
before (use arrows for direction) when waves overlap – superposition!

after (use arrows for direction)

Part D – Standing Waves: Change the settings to “Oscillate”, “Amplitude” = 1.00 cm, “Frequency” = 1.00 Hz
(leave the rest from part C with “Fixed End”). Select the “Timer” (press
and it’ll start when wave begins).
Press blue play button
to begin the wave motion and pause at 6 s and draw your observations. Then use
to
advance step-by-step and pause again at 9 s, and once more at 12 s Record your observations in the boxes below.
Fixed End
at 6 s

at 9 s

At 12 s

Question: When waves overlap with each other, describe in a few words what happens over an interval of time:

When waves overlap, they can constructively interfere and the amplitudes add together to make a taller
wave, or they can destructively interfere and the amplitudes subtract to make a shorter wave or no wave.
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Standing Waves on Strings
EQUIPMENT
wave generator
string vibrator

various strings
super pulley

mass set
clamps

meter stick

PURPOSE
In this experiment you will investigate various harmonic
frequencies of a wave on a vibrating string, and discover
how the density of the string and the tension in the string
affects the speed of the wave on the string.
PROCEDURE
PART A - CONSTANT WAVE SPEED
nv
For any string in resonance, the harmonic frequency is determined by
fn =
the harmonic number (n), the wave speed (v), and the string length
2L
(L).
1. Slip one end of the white elastic cord through the hole in the metal bar of the
string vibrator, and tie a double knot underneath so that the string will not slip
back through. Slide the other end of the cord through the notch in the mass hanger and check that it
will not slip.
2. From the mass set hang 145 grams of mass on the mass hanger. The hanger itself is another 5 grams.
Measure the string length from the knot where the string goes through the hole in the string vibrator
to the top of the pulley. Record the length of the string, L, in meters. (Note that L is not the total
length of the string, only the part that is vibrating.)
3. Turn the amplitude knob to one-third, then turn on the wave generator. Use the 1.0 Hz and 0.1 Hz
frequency knobs of the wave generator to adjust the vibrations so that the string vibrates with one
antinode in the middle. This is the fundamental frequency, or the first harmonic. Adjust the
amplitude and frequency to obtain a large-amplitude wave, but also check the end of the vibrating
blade; the point where the string attaches should be a node. It is more important to have a good node
at the blade than it is to have the largest amplitude possible. The best data results from having a
“quiet” node (little vibration) and a “loud” antinode (much vibration). Take time to get it right.
4. Record the frequency of the wave generator for the first harmonic.
5. Repeat step 3-4 for the next five harmonics. The string always vibrates with a node at each end, so
the total number of antinodes is the harmonic number. (The drawing shows n = 1, 2, and 3 only.)
6. Enter n and fn into list L1, L2, in the calculator (string length L is a constant). Calculate the wave
speed in list L3 for each trial using the equation above for harmonic frequencies on a string.
7. Calculate the average wave speed for the five trials using 1-Var Stats. Press STAT, move cursor over
to CALC, then enter 1-Var Stats, then enter the list for wave speed, L3, and select Calculate.
L1
harmonic, n

L2
frequency, fn (Hz)

string length, L (m)

L3
wave speed, v (m/s)

1

8.1

1.20

19.4

2

16.3

1.20

19.6

3

24.4

1.20

19.5

4

32.6

1.20

19.6

5

40.7

1.20

19.5

6

48.9

1.20

19.6

average:

19.5
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8. Now remove the white string and replace it with the yellow string. You’ll need to triple knot this
string so that it doesn’t slip through the hole in the vibrating blade.
9. Attached the other end of the string to the mass hanger. Add 50 more grams to the mass hanger, so
the total for the mass on the string is now 200 grams.
10. Repeat the process from the last data collection to measure and record the first five harmonics for the
yellow string. Complete the table below.
L1
harmonic, n

L2
frequency, fn (Hz)

string length, L (m)

L3
wave speed, v (m/s)

1

16.2

1.20

38.9

2

32.3

1.20

38.8

3

48.4

1.20

38.7

4

64.7

1.20

38.8

5

80.9

1.20

38.8

average:

38.8

QUESTIONS & CALCULATIONS
1. The yellow string has a linear density of 1.32 × 10 −3 kg/m .
Calculate the known wave speed on the yellow string using this equation:

v=

hanging mass (in kg) × 9.8
=
linear density

( 200 g × ) 9.8 N/kg = 38.5 m/s
1 kg
10 3 g

1.32 × 10 −3 kg/m

2. Calculate the percent error between known wave speed and experimental (average) wave speed for
the yellow string.

percent error =

known − experimental
38.5 − 38.8
× 100% =
× 100% = 0.70%
known
38.5

3. Draw the sixth harmonic standing wave below. Use a wavelength of 4 cm and amplitude of 1.5 cm.
Label each node with an N and each antinode with an A.
4.0 cm

1.5 cm

4. A guitar has some thin strings under high tension and some thicker strings under lower tension.
From the lab evidence, describe the difference in these strings in terms of wave speed, and also in
terms of the frequency (pitch) from the guitar strings.
The wave speed depends directly on the tension in the string and inversely on the thickness (linear
density) of the string. A thin string under high tension supports a higher wave speed than a thicker
string under lower tension. Frequency is directly related to wave speed, so higher wave speed causes
the guitar frequency to increase, and a lower wave speed causes the guitar frequency to decrease.
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PROCEDURE
PART B - VARYING WAVE SPEED
For a wave on a string, the speed is related to
the tension (FT) in the string, and the
experimental linear density (µ) of the string,
by the equation

v=

FT
µexp

Tension is measured in units of newtons (N). The linear density is the mass per unit length of the string,
measured in kilograms/meter.
known linear density =

mass
length

µ known =

mstring
Ltotal

Tension is applied by the hanging mass, and is equal to the weight of the hanging mass. Weight is mass
multiplied by the strength of gravity. Gravity, g, is a constant = 9.8 N/kg.

tension = weight = mass × gravity

FT = mg

1. Unknot the yellow string and measure and record the total string length, in meters.
2. Using an electronic balance, measure and record the mass, in kilograms, of the string.
3. Tie several knots in one end of the string and pull the string through the hole in the vibrating blade.
Run the string over the pulley and attach the mass hanger to the end of the string.
4. Hang 50 grams total mass on the string (45 g plus the 5 g mass hanger). Record this hanging mass, in
kilograms, in the table.
5. Measure from the knot at the vibrating blade to the top of the pulley. Record this distance L, in
meters, in the table. (Note: L is not the total string length, only the part that’s vibrating.)
6. Adjust the frequency of the wave generator so that the string vibrates at the 4th harmonic. Just like
Part A, adjust the driving amplitude and frequency to obtain a large-amplitude standing wave, and
clean nodes, including the node at the end of the blade. Record the frequency in the table.
7. Add 50 g to the hanging mass and repeat the last step. Record your data in a table.
8. Repeat at intervals of 50 g up to 250 g.
9. Clean up by untying all knots in both strings and turning off the string vibrator.
DATA & ANALYSIS
1. Calculate the known linear density by dividing the total string mass by the total string length.
2. Enter fn, into list L1 in the calculator. Calculate the wave speed v in list L2 for each trial using the
equation for harmonic frequencies on a string. String length L is a constant and n = 4 for all trials.
3. Enter mass m into list L3. Calculate the tension in the cord in list L4 for each trial using the equation
tension = mass x gravity. Record results in the data table.
4. Calculate the experimental linear density, μexp, in list L5 for each trial using the equation at the top of
the page. You’ll have to rearrange the wave speed equation to solve for experimental linear density.
5. Calculate the average experimental linear density using the calculator 1-Var Stats (just like part A)
6. Calculate the percent error between the known linear density and the experimental linear density of
the string.
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YELLOW STRING
1.56 m
total string length (m) ________________

0.00208 kg
total string mass (kg) ________________

0.00133 kg/m
known linear density μknown (kg/m)___________

L1
frequency, fn string length, L
(Hz)
(m)

harmonic, n

L2

L3

speed, v
(m/s)

mass, m
(kg)

L4

L5

tension, FT
exp. linear
(N)
density, μ (kg/m)

4

32.4

1.20

19.4

0.050

0.49

0.00130

4

45.5

1.20

27.3

0.100

0.98

0.00131

4

55.1

1.20

33.1

0.150

1.47

0.00134

4

63.9

1.20

38.3

0.200

1.96

0.00133

4

73.2

1.20

43.9

0.250

2.45

0.00127

experimental
linear density

0.00131

Percent error calculation:

percent error =

known − experimental
0.00133 − 0.00131
× 100% =
× 100% = 1.60%
known
0.00133

QUESTIONS & CALCULATIONS
1. A violin string has a linear density of 6.4 g/m and is put under 250 newtons of tension. What is the
speed of a wave on this violin string? (Be sure to convert linear density to kg/m first!)
µ = 6.4

g 1 kg
kg
× 3 = 6.4 × 10 −3
m 10 g
m

v=

250 N
= 198 m/s
6.4 × 10 −3 kg/m

2. Discuss how each of these variables affects the nature of a stringed musical instrument:
a. String tension
String tension affects the wave speed and the frequency of a stringed instrument directly.
Since v ∼ Ft the speed can be doubled by quadrupling the tension.
b. String density
String density affects the wave speed and the frequency of a stringed instrument inversely.
Since v ∼

1
the speed can be doubled by reducing the density by 4.
µ

c. String length
String length affects the frequency of a stringed instrument inversely.
Since Fn ∼

1
the frequency can be doubled by halving the length.
L
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Resonance Tube
EQUIPMENT
wave generator
resonance tube

open speaker
patch cords

PURPOSE
To discover the relationship between the wavelength, wave
speed, and frequency of sound waves in resonating tubes.
Also, to learn about nodes, anti-nodes and the end effect in
both closed and open tubes.
PROCEDURE
PART A - OPEN TUBE OF VARIABLE LENGTH
1. Measure and record (above the data table) the inner
diameter of the blue tube and the white tube in meters (not centimeters!).
2. Extend the white tube out of the blue tube so the total tube length is 1.40 m. Use two meter sticks
laid on top of the tubes to check the total tube length.
3. Place the speaker at a 45° angle near the end of the blue tube, as shown in the picture.
4. With the amplitude knob all the way down (counterclockwise), turn on the wave generator. Turn up
the amplitude to a very low level, no more than one-quarter of the dial. Adjust the wave generator
frequency to 110 Hz. Record this frequency in the data table
5. Now slowly adjust the tube length by sliding the white tube in and out of the blue tube until
resonance is heard. Keep hands outside the white tube! When resonance occurs the loudness of the
sound will increase noticeably even though the amplitude of the generator is still low.
6. Measure and record tube length, in meters, in the table. Note: you’ll calculate effective tube length
later in the analysis section.
7. Decrease the frequency to 105 Hz and repeat the previous steps. Be careful to check that you are
hearing the resonant frequency – other frequencies may make partial resonance. Note that each
lower resonant frequency has a larger corresponding tube length.
8. Take data at 5 Hz intervals all the way down to 80 Hz.

2. Calculate and record the “end effect” of the blue and the
white tubes using the equation shown.

"end effect" = 0.4 × inner diameter

3. Calculate and record in list L2, the effective tube length
(actual tube length plus the “end effects”).

Leffective

4. Calculate and record in list L4, the period (reciprocal of the
frequency) in the data table.

node

antinode

Leffective = Lactual + "two end effects"

antinode

DATA & ANALYSIS
1. Enter the actual tube length in list L1, and frequency in list
L3 in the calculator.

Lactual

5. Calculate and record, in list L5, the wavelength of the waves.
The experimental wavelength is twice the effective tube length as shown in the diagram.
6. Make a graph of wavelength versus period in the lab book.
7. Find the best-fit line of this data on the calculator. Press STAT, over to CALC, down to 4: LinReg,
then ENTER, then enter L4 into XList, L5 into YList, cursor down to Calculate and press ENTER.
8. Using a ruler, draw the best-fit line on the graph, and write the equation of the best-fit line below the
graph. Use appropriate variables for the quantities wavelength and period in the equation, which
means DON’T use y and x, but rather the correct symbols for wavelength and period.
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0.145 m
blue tube diameter ________________

0.138 m
white tube diameter ________________

0.0580 m
blue tube end effect ________________

0.0552 m
white tube end effect ________________

L1

L2

L3

L4

L5

frequency, f
(Hz)

period, T
(s)

2.048

2.161

80.0

0.0125

wavelength, l
(m)
4.322

1.914

2.027

85.0

0.0118

4.054

1.797

1.910

90.0

0.0111

3.820

1.714

1.827

95.0

0.0105

3.654

1.615

1.728

100.0

0.0100

3.456

1.525

1.638

105.0

0.00952

3.276

1.426

1.539

110.0

0.00909

3.078

tube length, Lact effective length, Leff
(m)
(m)

4.50

..

wavelength (m)

4.00

3.50

3.00
0.0090

0.0100

0.0110
period (s)

0.0120

0.0130

best fit equation:

λ = 356.2T − 0.126
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QUESTIONS & CALCULATIONS
1. The known speed of sound depends on the temperature of the air: v = 331 + 0.6Tc where Tc is the air
temperature in degrees Celsius. Determine the air temperature and calculate the actual speed of
sound. (Recall from the Speed of Sound lab how to convert ˚F to ˚C.)
TC =

5
9

(TF − 32˚) = 59 ( 74˚−32˚) = 23.3˚C

v = 331+ 0.6TC = 331+ 0.6(23.3) = 345 m/s

2. Compare the experimental speed of sound (the slope of the l vs. T graph) to the known speed of
sound. Calculate the percent error between the experimental and known speeds.

percent error =

known − experimental
345 − 356.2
× 100% =
× 100% = 3.25%
known
345

PROCEDURE, DATA & ANALYSIS
PART B - OPEN TUBE OF FIXED LENGTH
1. Slide the inner white tube all the way out, and put it aside safely. Use only the outer blue tube with
both ends open. Start with the frequency at 100 Hz and slowly increase it using the coarse (1.0) knob
until you hear the first harmonic frequency. This is often called the fundamental frequency.
f1,open = 119 Hz

2. Use the equation for harmonic frequencies for an open wind instrument to calculate the effective
length of the air column for the first harmonic.

fn =

nv
2Leff

⇒ Leff =

nv 1(345)
=
= 1.450 m
2 fn 2(119)

3. Use the meter sticks to measure the actual length of the blue tube. Then add two blue tube end
effects (from part A) to find the effective tube length. How close is this to the expected end effect
from the last part?
Leff = Lactual + "end effects" = 1.325 + (0.0580 + 0.0552) = 1.438 m

The measured effective length (1.438 m) is close to the calculated effective length (1.450 m)
The difference is 1.450 – 1.438 = 0.012 m or 1.2 cm.
4. To store the fundamental frequency in the wave generator’s memory, press and hold the Store/Exit
key until the display blinks. Press the up arrow key to increment the frequency up to the second
harmonic. Move the speaker away and back again to convince yourself that it is at resonance. Repeat
for the third harmonic. Draw a sketch of the second and third harmonic. Use ruler for proper scale.

39

Leffective
node

antinode

PROCEDURE, DATA & ANALYSIS
PART C - CLOSED TUBE OF FIXED LENGTH
1. Return to the first harmonic frequency for the open tube using
the down arrow key. Then hold a textbook or lab book firmly
against the end of the blue tube away from the speaker. This
makes a closed tube of the same length as the open tube before.

Lactual

Is this closed tube resonating? Why or why not? Refer to the drawing above in your answer.
No, it’s not resonating because the wavelength for this harmonic is about twice the wavelength for
the first harmonic with both ends of the tube open. The correct first harmonic for tube with one end
closed is about half the frequency of the first harmonic of the open tube ( f1,closed = 12 f1,open )
2. Using the frequency knobs, decrease the frequency until the first harmonic (fundamental) frequency
resonates for this closed tube. At this point the resonant frequency is very low, and it might be easier
to feel the resonance! Put your hand on the tube and check for vibrations. Calculate the ratio of the
open-tube frequency to the closed-tube frequency. What should this ratio be? Why?
f1,open
119 Hz
f1,closed = 61.3 Hz
=
= 1.95
f1,closed 61.1 Hz
The ratio of the first harmonic for the open end tube divided by the first harmonic for the closed end
tube should be about 2 to 1. The results show a ration of 1.95 to 1, which is close. End effects are not
the same in each case, so the ratio is not expected to be exactly 2 to 1.
3. Why is the first harmonic frequency for the closed tube lower than it was for the open tube?
For the closed end tube, only a quarter of a wavelength “fits” in the tube for the first harmonic. For
the open end tube, a half of a wavelength “fits” in the tube for the first harmonic. So if the
wavelength is about doubled for the closed tube, the first harmonic frequency is about half as much.

4. Press and hold the Store/Exit key to store the first harmonic frequency of the closed tube. Press the
up arrow key to increment the frequency up to the second harmonic. Do you hear a resonance? Move
the speaker away to make sure. Is it louder with the tube near? Press the up arrow key again to
increment the frequency up to the third harmonic.
Can you hear resonance now? Explain why. Try the fourth and fifth harmonic as well.
Resonance is not heard at the second harmonic (sound is heard but not amplified). Resonance is
heard at the third harmonic. Only the odd harmonics are resonating (amplified) because there must
be a node on the closed end and an antinode on the open end, so only odd multiples of a quarter
wavelength “fit” into the tube length.

5. Draw a sketch of the third and fifth harmonic for the closed tube. Use ruler for proper scale.
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Interference of Water Waves
PURPOSE
To investigate the wave phenomena called interference and understand the characteristics of an
interference pattern using a ripple tank to create and observe waves on the surface of water.
EQUIPMENT
- Ripple tank with accessories

- white board and pens

INTRODUCTION
In this lab you will investigate the interference pattern created by two point sources generating
circular water waves in the ripple tank. You will see bands of light and dark stripes in the ripple
tank, created by constructive interference, producing larger crests and troughs in the water. A line
that runs through the center of these bands shows where constructive interference occurs, so the
points on this line are called maxima. Between the maxima you will see bands that are calm, where
very little water disturbance exists. A line that runs through the center of these bands shows where
destructive interference occurs, so the points on this line are called minima.
Your task is to explore the speed of these waves in water, and then the quantitative relationships
between point source separation (d), maxima angle (q), order number (m) and wavelength (l).
PROCEDURE
PART A – WAVE SPEED
1. Using one dipper (see diagram), turn
on the ripple generator and adjust the
frequency knob to 10 Hz.
2. Set the light source to “STROBE”.
3. The wave fronts appear as bright and
dark circles that are formed as light
travels from above, through the wave
crests and troughs, and projects onto
the whiteboard below. Measure, and
record in the table, the distance of five
wavelengths, in meters. For best
results, measure from the middle of
the first clear bright circle (crest) to the middle of the fifth bright circle beyond the start point.
4. Now adjust the frequency of the waves to 15 Hz. Notice the change in wavelength. Again
measure and record below the distance of five wavelengths, starting from the first clear circle.
5. Repeat steps 1-3 for 20 Hz and 25 Hz.
6. Determine the wavelength by dividing the measurements by five, and then based on the
wavelength and frequency, calculate the wave speeds and the average speed.
Frequency (Hz)

10 Hz

15 Hz

20 Hz

25 Hz

5 ´ l (m)

0.103

0.075

0.060

0.051

l (m)

0.0206

0.0150

0.0120

0.0102

average:

v (m/s)

0.206

0.23

0.24

0.25

0.23
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PART B - INTERFERENCE
1. Put the second dipper in the ripple
generator (see diagram). Set the
frequency to 10 Hz, making a clear
interference pattern (see below
diagram). There must be at least three
maxima lines on each side of the
central maximum.
2. Locate a point in the middle of each
of the first, second, and third maxima
on each side of the central maximum.
These are the order number m = 1,2,3.
Use whiteboard pens and a ruler to
draw lines that show variables d, x, L.
3. Measure d, x, L, in meters, for each.
Complete the data table below.
DATA & ANALYSIS
1. Enter the data into Lists 1-4 on the graphing
calculator (you should know how by now!)
2. In List 5, calculate the angle q for each trial
using x and L and tan-1 trig function.
3. In List 6, calculate the experimental
wavelength for each trial using dsinθ = mλ
Express all values to 3 significant figures!

x

q
q

d

L

4. Use 1-Var Stats to calculate the average
experimental wavelength from these trials.
5. Calculate the experimental error for the
wavelength. The known wavelength comes
from the 10 Hz trial in Part A.
L1

L2

L3

L4

L5

L6

m

d (m)

x (m)

L (m)

q

l (m)

1

0.123

0.054

0.312

9.8˚

0.0210

2

0.123

0.116

0.312

20.4˚

0.0214

3

0.123

0.189

0.312

31.2˚

0.0212

1

0.123

0.058

0.312

10.5˚

0.0225

2

0.123

0.121

0.312

21.2˚

0.0222

3

0.123

0.188

0.312

31.1˚
experimental
average

0.0212

0.021 m
known wavelength: ___________

percent error =

0.0216

2.28
percent error (show calculation below): ___________

known − experimental
0.0210 − 0.0216
× 100% =
× 100% = 2.80%
known
0.0212
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QUESTIONS & CALCULATIONS
1. On the drawing below measure d, x, and L in millimeters. Then calculate the wavelength (in
millimeters) of the waves using the equation for maxima. Finally, measure the actual wavelength
and compare by finding a percent error.

2. Two loudspeakers are located 2.4 meters apart. They both emit a 1380 Hz tone, in phase with
each other. Calculate the angles to first order, second order, and third order maxima.
Honors: what is the highest order maximum possible for these loudspeakers?

3. You may have noticed this at an outdoor concert when you walk around the back and there are
areas of louder music and other areas of softer music. In a symphony hall, acoustic engineers
make great efforts to avoid this pattern so that all seats can hear clearly. Explain how this is
done. (Hint: remember that waves reflect as well as interfere.)
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Diffraction and Interference
PURPOSE
PART A – INTRODUCTION TO DIFFRACTION AND INTERFERENCE
The purpose of this experiment is to explore, make observations and draw conclusions about the
behavior of light waves when passing through small width slits.
EQUIPMENT
glass diffraction grating

magnifying glass

single filament light bulb

colored pencils

The magnifying glass and diffraction grating are made of glass, handle carefully!
The magnifying glass has measurements inside that represent millimeters and is to be used sitting on the
object you are trying to magnify, The diffraction grating works best held right next to your face.
PROCEDURE
The diffraction grating has 5 columns and 5 rows. Hold the diffraction grating so it reads “Interference
and Diffraction Set” on the front. To learn about how light behaves when it goes through slits, start with
the top of the first column. Look at this slit with your magnifying glass and take note of its width and
any other features, make a quick sketch of this slit. Then using that slit, look at a single filament light by
holding the diffraction grating, and make observations. Repeat for all the rows in this column.
1st COLUMN, starting at row 1 and working downward to row 5
Row
#

Measurements, description, and/or drawings
of slit(s)

Observations and drawings of image of
single filament light viewed through slit(s)

1

The slit is about 2.0 mm wide

The filaments looks a little dimmer but
otherwise nothing looks different

3

The slit is about 1.0 mm wide

The filament looks wider now and there are
streaks of light on the left and right side

5

The slit is about 0.5 mm wide

The slits get narrower.
What changed about the slits as you went from Row 1 to 5? __________________________________
The filament light began to be diffracted.
What changed in the observations you made? ______________________________________________
What statements can you make about light passing through narrow slits from viewing it passing through
the slits in column 1?
1.
Less light passes through the smaller slits.
2.
Smaller slits make better diffraction patterns. The patterns repeat.
3.
Diffraction pattern goes from violet closest to the light source, to red farthest from the source.
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5th COLUMN, starting at row 1 and working downward to row 4
Row
#
1

Measurements, description, and/or drawings
of slit(s)
Same as Column 1, Row 5
The slit is about 0.5 mm wide

2

There are two slits very close together

4

The two slits are now farther apart

Observations and drawings of image of
single filament light viewed through slit(s)
Same as Column 1, Row 5

The slit widths stayed the same.
What stayed the same about the slits as you went from Row 1 to 4? ____________________________
They split into 2 slits and go farther apart.
What changed about the slits as you went from Row 1 to 4? __________________________________
The diffraction pattern changed from single to double slit.
What changed in the observations you made? ______________________________________________
What statements can you make about light passing through narrow slits from viewing it passing through
the slits in column 5?
1.
A single slit produces and diffraction pattern, but a double slit produces a pattern within a pattern.
2.
As the double slits get farther apart, the pattern starts to look more like the single slit pattern.
3rd COLUMN, starting at row 1 and working downward to row 3
Row
#
1

Measurements, description, and/or drawings
of slit(s)
15 slits
Slits are very close, 15 within about 3 mm.

2

30 slits
Slits are even closer, 30 within about 3 mm.

3

80 slits
Slits are even closer, 80 within about 3 mm!

Observations and drawings of image of
single filament light viewed through slit(s)

slits fit in the same space.
What changed about the slits as you went from Row 1 to 3? More
__________________________________
Colors in the diffraction pattern get clearer.
What changed in the observations you made? ______________________________________________
What statements can you make about light passing through narrow slits from viewing it passing through
the slits in column 3?
1.
As the diffraction grating gets more slits, there is increased diffraction and clearer maxima.
2.
Light diffractions and shows an interference pattern with the slit widths get near light’s wavelength.
Looking at all your observations and preliminary statements, what overall conclusions can you make
about light? Write these conclusions on the back on this page.
Light diffracts in narrow slits; an interference pattern is best seen when many slits are close together.
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PURPOSE
PART B – COMPARING SINGLE & DOUBLE SLIT, COMPARING SLIT WIDTH & SLIT SEPARATION
The purpose of this experiment is to compare the diffraction and interference patterns formed by laser
light passing through various combinations of slits. Also, to measure the diffraction grating spacing on a
compact disc (CD).
EQUIPMENT
optics bench
diode laser

multiple slit disk
compact disc

plain paper
meter stick

INTRODUCTION
When diffraction of light occurs as it passes through a slit,
the angle to the minima in the diffraction pattern is given by

a sin θ = mλ (m = 1,2,3...)
where a is the slit width, θ is the angle from the center of
the pattern to the mth minimum, λ is the wavelength of the
light, and m is the order (1 for the first minimum, 2 for the
second minimum, counting from the center out).
When light passes through two slits, the two light rays
emerging from the slits interfere with each other and
produce interference fringes. The angle to the maxima
(bright fringes) in the interference pattern is given by

d sin θ = mλ (m = 0,1,2,3...)
where d is the slit separation, θ is the angle from the center
of the pattern to the mth maximum, λ is the wavelength of
the light, and m is the order number (0 for the central
maximum, 1 for the first side maximum, 2 for the second
side maximum counting from the center out).
While the interference fringes are created by the interference
of the light coming from the two slits, there is also a
diffraction effect occurring at each slit due to single slit diffraction. This causes the envelope as shown.
PROCEDURE
1. Set up the laser at one end of the optics
bench and place the Multiple Slit Set in its
holder about 3 cm in front of the laser as
shown. Move the white screen to 75 cm
behind the diffraction grating slit disk.

3 cm

2. Select the single-double slit Comparison set by
! rotating the disk until the slit set (a = 0.04, d = 0.25)
is entered in the slit holder. Adjust the position of the laser beam from left-to-right and up and down
until the beam is centered on the slit set so that both the single slit and the double slit are illuminated
simultaneously*.
*Note: it might be easier to position the laser higher and draw the single slit interference pattern,
then lower the laser position to draw the two-slit interference pattern.
Also, you might find it easier to measure the boundaries of the pattern with a ruler and then replicate
those boundaries on your lab drawings.
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3. Sketch and label the two patterns (one above the other) to scale in the space below. Make a statement
about what happens to the interference pattern when a second slit is included.
single slit
two slit

When a second slit is added, there is a pattern of maxima within the single slit pattern. The “lines” of
light from the single slit become “dots” or “points” of light.

4. Rotate the slit disk counterclockwise to the next Comparison set. These are two double slits with the
same slit width (a = 0.04) but different slit separations (d = 0.25 and d = 0.50). [If this comparison is
hard to see you can use the Double Slits (a = 0.04, d = 0.25) and (a = 0.04, d = 0.50) to compare.]
Sketch and label the two patterns (one above the other) to scale. Make a statement about what
happens to the space between the maxima when the slit separation changes.

d = 0.25 mm
d = 0.50 mm
When the slit separation d is increased from 0.25 mm to 0.50 mm, the “dots” are now closer together
but the boundary of the pattern remains the same.
5. Rotate the slit disk counterclockwise to the next Comparison set. These are two double slits with the
same slit separation (d = 0.25) but different slit widths (a = 0.04 and a = 0.08). [If this comparison is
hard to see you can use the Double Slits (a = 0.04, d = 0.25) and (a = 0.08, d = 0.25) to compare.]
Sketch and label the two patterns (one above the other) to scale. Make a statement about what
happens to the “boundary” of the pattern when the slit width changes.

a = 0.04 mm
a = 0.08 mm
When the slit width a is increased from 0.04 mm to 0.08 mm, the boundary of the pattern gets
smaller but the “dots” are spaced the same.
s
6. Rotate the slit disk counterclockwise to the Multiple Slits set. These are 2,3,4, and 5 slits with the
same slit separation (d = 0.125) and same slit widths (a = 0.04). Sketch and label the two (one above
the other) patterns to scale of the 2 slits and the 5 slits. (These patterns are now vertical, but make
them horizontal below). Make a statement about what happens to the interference pattern when the
number of slits changes.

2 slits
5 slits
When the number of slits increases from 2 to 5, the maxima get brighter and more distinct (narrow).
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PROCEDURE
PART C - MEASURING THE WAVELENGTH OF LASER LIGHT
1. Rotate the slit disk counterclockwise to the Multiple Slits with 5 slits. These are slits with slit width
of a = 0.04 mm and slit separation of d = 0.125 mm. Adjust the viewing screen to 75 cm behind the
slits disk. Use a meter stick to measure and record, in meters, the slit-to-screen distance, L.
2. Fold the top inch of a half sheet of paper so that it hangs over the screen facing the laser. Look at the
interference pattern on the paper and carefully mark the position of the m = 0 central maximum and
the positions of the m = 1 to m = 6 maxima. You should now have 13 marks on the paper

2. Divide the distance between the marks by
two and record this distance (from the
center of the pattern to the maximums) in
the table.
3. Since the angles are small, and sinq » tanq
for small angles, the experimental
wavelength can be calculated by using the
d⋅x
equation
= mλ , where d = 0.125 mm
L
is the slit separation. Use TI- Calc Lists!

0.75 m
slit-to-screen distance, L ________________
L1

1

distance
btw. marks
(m)
0.0080

L3
maximum
distance x
(m)
0.0040

experimental
wavelength, λ
(m)
6.67 ´ 10-7

2

0.0150

0.0075

6.25 ´ 10-7

3

0.0230

0.0115

6.39 ´ 10-7

4

0.0320

0.0160

6.67 ´ 10-7

5

0.0410

0.0205

6.83 ´ 10-7

6

0.0480

0.0240

6.67 ´ 10-7

average

6.58 ´ 10-7

max.
order, m

L2

PROCEDURE
4. Next, remove the Multiple Slit set and replace it with a compact disc attached
to the lens holder. Adjust the position of the compact disc so that:

5. Measure the distance between the CD and the
meter stick. Record this distance, L, in meters.

horizontal radius

L

laser

I. The laser beam strikes the CD along a horizontal radius (see diagram).
This is where the grooves on the CD are
vertical and will produce a horizontal
diffraction pattern.
II. The CD creates a central maximum and
first order maximums on a meter stick held
against the viewing screen (see diagram).

L4

meterstick

DATA & ANALYSIS
1. Measure and record the distance between
the first order maximum (m = 1) marks, the
second order (m = 2) marks…through to the
sixth order (m = 6) marks.

CD

6. Measure the distance between the first order
maxima, in meters. Divide by two to get the
average distance x1 to a first order maximum.

2x

first order
maximum
TOP VIEW

DATA & ANALYSIS
4. Calculate the wavelength of the laser light (don’t use small angle approximation). Show all work.
The slit (or “groove”) separation of an 80-minute compact disc is d = 1.5 micrometers (µm).

⎛ 0.353 m ⎞
L = 0.729 m; x1 = 0.353 m ⇒ θ1 = tan −1 ⎜
= 25.84˚
⎝ 0.729 m ⎟⎠
d = 1.5 µm ×

10 −6 m
= 1.5 × 10 −7 m
1 µm

d sin θ = mλ ⇒ (1.5 × 10 −6 m)sin(25.84˚) = 1(λ ) ⇒ λ = 6.54 × 10 −7 m
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QUESTIONS & CALCULATIONS
1. Calculate the percent error between the known wavelength for laser light, 650 nanometers (nm), and
the wavelength of light found using the 5-slit diffraction grating. Calculate a second percent error
between the known wavelength for laser light and the wavelength of light found using the compact
disc as a diffraction grating.

5 SLIT: percent error =
CD: percent error =

known − experimental
6.50 × 10 −7 − 6.58 × 10 −7
× 100% =
× 100% = 1.21%
known
6.50 × 10 −7

6.50 × 10 −7 − 6.54 × 10 −7
× 100% = 0.583%
6.50 × 10 −7

2. You may not have noticed second order maxima from the compact disc. These occur at a wide angle
from the central maximum. Calculate the angle of these second order maxima from your lab data,
using the 650 nm red laser light.

10 −9 m
= 6.50 × 10 −7 m
nm
d sin θ = mλ
650 nm ×

(1.5 × 10 −6 m)sinθ 2 = 2(6.50 × 10 −7 m)

θ 2 = 60.1˚
3. DVDs have about 0.74 µm slit separation (µ = 10-6) and Blu-Ray DVDs have about 0.32 µm slit
separation. Do first and second order maxima occur with these DVDs? Use 550 nm light, which is
about the middle of the visible spectrum. Each maximum on a CD or DVD makes a beautiful
rainbow when illuminated with white light. How many of these rainbows are seen for a CD? DVD?
DVD: d = 0.74 µm ×

10 −6 m
10 −9 m
= 7.4 × 10 −7 m; λ = 550 nm ×
= 5.5 × 10 −7 m
1 µm
1 nm

d sin θ = mλ ⇒ ( 7.4 × 10 −7 m)sinθ1 = 1(5.5 × 10 −7 m) ⇒ θ1 = 48.0˚
d sin θ = mλ ⇒ ( 7.4 × 10 −7 m)sinθ 2 = 2(5.5 × 10 −7 m) ⇒ θ 2 = error
Blue Ray DVD: d = 0.32 µm ×

10 −6 m
= 3.2 × 10 −7 m
1 µm

d sin θ = mλ ⇒ ( 3.2 × 10 −7 m)sinθ1 = 1(5.5 × 10 −7 m) ⇒ θ1 = error

DVDs create first order maximum colorful “rainbows”, Blue Ray DVDs make no “rainbows”!
4. A light beam with wavelength 475 nanometers is incident on double slits that are separated by 0.15
millimeters. The interference pattern is shown on a screen 150 centimeters away from the slits. In
meters, how far is the fourth bright maximum from the central maximum?
10 −9 m
10 −3 m
−7
λ = 475 nm ×
= 4.75 × 10 m; d = 0.15 mm ×
= 1.5 × 10 −4 m; L = 150 cm = 1.50 m
1 nm
1 mm
−4
−7
d sin θ = mλ ⇒ ( 1.5 × 10 m)sinθ = 4(4.75 × 10 m) ⇒ θ = 0.7258˚
x4 = L tan θ 4 = (1.5 m) × tan(0.7258˚) = 0.019 m (or 1.9 cm)

49

Static Electricity
PURPOSE
To understand the nature of charging by friction, conduction, and induction.
EQUIPMENT
- Styrofoam cup and plates
- aluminum pie plate
- empty soda can
PROCEDURE

electrophorus

rabbit's fur

electroscope

1. Arrange the an electrophorus with the Styrofoam base below. Be sure that the electrophorus and
the electroscope are always handled by the insulating Styrofoam cup.
2. Check the electroscope to be sure that the upper “leaf” of the scope can move easily.
3. Respond to all questions by showing net charge on each object. Objects are either:
positively charged when some electrons have been removed from the object.
negatively charged when some electrons have been added to the object.
neutral when there are no extra or missing electrons.
It’s also possible for an object to be
polarized when the charge is separated by the influence of another nearby charge.
grounded when an object is physically connected to a large “charge reservoir” (typically the
entire Earth), so that charges can easily flow to or from the grounded object.
Note: polarized and grounded objects may or may not be neutral.
Use the following conventions for showing charge:
+ + +– +
– + +

– – +–
+ – ––

+ – +– +
– + –

positive
(less –)

negative
(more –)

neutral
(equal +/–)

++
++
++

––
––
––

polarized/
neutral
(equal +/–)

++
+
+

–
–

polarized/
charged
(unequal +/–)

grounding
symbol

4. All drawings must obey the law of conservation of charge; that is, if any object gains charge,
another object loses an equal amount of charge.
5. Below each drawing, circle whether the objects is:
and also if it is:

+ charge / neutral / – charge
unpolarized / polarized
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DATA & ANALYSIS
CHARGING BY FRICTION
1. Rub the Styrofoam plates and the rabbits fur together. Indicate the charge on each after.

+
–+– – –+– –

+
–
+

+

–
+

+

CHARGING THE ELECTROPHORUS BY INDUCTION
2. A Place the neutral top of the electrophorus on the charged Styrofoam plates. B Use one hand to
ground the electrophorus. C Remove the ground. D Separate the top and bottom of the
electrophorus. Carefully identify the charge on the top and bottom of the electrophorus in each
drawing below.
– –
–

–

+ +– + + –+ +

– – – – – –
+ + + + + +
–+– – –+– –
A

–
–
+ + + + + +
–+– – –+– –
B

–
–
+ + + + + +
–+– – –+– –
C

–+– – –+– –
D

+ charge / neutral / – charge
unpolarized / polarized

+ charge / neutral / – charge
unpolarized / polarized

+ charge / neutral / – charge
unpolarized / polarized

+ charge / neutral / – charge
unpolarized / polarized

–– ++
–– ++

A
+ charge / neutral / – charge
unpolarized / polarized

+ +
– +–
–+ +–
+

+ +
–+

+–
+ +

CHARGING THE ELECTROSCOPE BY CONDUCTION
3. A Take the positively charged top of the electrophorus and bring it near the back of the neutral
electroscope. Note how the leaves of the electroscope separate. B Now touch the electrophorus
to the electroscope. C Then remove the electrophorus. Carefully identify the charge on the
electrophorus and the electroscope in each drawing.

–
–

++
++

B
+ charge / neutral / – charge
unpolarized / polarized

+ + –
–+ +

C
+ charge / neutral / – charge
unpolarized / polarized
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A
+ charge / neutral / – charge
unpolarized / polarized

+–
+ +

––––+ +
–– ++

+ +
–+

+ +
–+

–– ++
–– ++

+ +
–+

+–
+ +

+–
+ +

CHARGING THE ELECTROSCOPE NEGATIVELY BY INDUCTION
4. Ground the electroscope to make it neutral. A Re-charge the top of the electrophorus positively
and bring it near the back of the neutral electroscope. Note how the leaves of the electroscope
separate. B Now ground the electroscope with one hand. Note how the leaves go back down.
Why?! C Remove the ground. D Remove the electrophorus. Carefully identify the charge on
the electrophorus and the electroscope in each drawing.

––––+ +
–– ++

B

D

C

+ charge / neutral / – charge
unpolarized / polarized

– ++– –+–
– –+

+ charge / neutral / – charge
unpolarized / polarized

+ charge / neutral / – charge
unpolarized / polarized

CHARGING THE ELECTROSCOPE POSITIVELY BY INDUCTION
5. Ground the electroscope again to make it neutral. A Re-charge the bottom of the electrophorus
(the Styrofoam plates) negatively by friction with the rabbit’s fur, and bring it near the back of
the neutral electroscope. Note how the leaves of the electroscope separate. B Now ground the
electroscope with one hand. Note how the leaves go back down. C Remove the ground. D
Remove the electrophorus. Carefully identify the charge on the electrophorus and the
electroscope in each drawing.
–

–
–
+– –

–
+– –

–
+– –
+ charge / neutral / – charge
unpolarized / polarized

–
–

++
++

B
+ charge / neutral / – charge
unpolarized / polarized

–+ –
–

A

–+ –
–

–+ –
–

++ ––
++ ––

–
–

++
++

C
+ charge / neutral / – charge
unpolarized / polarized

– +
+ +– +

D
+ charge / neutral / – charge
unpolarized / polarized
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QUESTIONS
1. Explain how the electroscope is able to indicate the presence of static charges.
The electroscope is made of conducting metal (with an insulator base) that includes “leaves”
made of thin, lightweight conducting material. When a charge accumulates on the leaves, either
by polarization or net charge, the leaves are charged alike and repel each other. Because the force
of electricity is stronger than gravity, the leaves can move in response to this force. Therefore,
when the leaves rise, a charge is present on those leaves.

2. When charging the electrophorus by induction, why is it acceptable to touch the top and bottom
of the electrophorus together even though the process of induction usually involves objects that
are near each other but not actually touching?
The base of the electrophorus is made of an insulating material (Styrofoam in the lab), while the
top is made of conducting metal (aluminum pie plate), so when the charged base touches the
neutral top it cannot transfer charge because there are no “free” electrons in insulators. If a
conductor is used to induce, it cannot touch the neutral body because this would cause charging
by conduction.

3. Explain how you could use an electroscope that is positively charged to determine the sign (+/–)
of charge on an object that has an unknown net charge.
If an electroscope is charged positively, the leaves will rise because it shows they are charged.
When a negative body is brought near the back of the electroscope, electrons will be pushed
towards the leaves, causing them to be more neutral, so they will fall. When a positive body is
brought near the back of the electroscope, electrons will be pulled away from leaves, causing
them to be more positively charged, so they will rise further.

4. The diagram to the right shows three neutral metal spheres,
x, y, and z, in contact and on insulating stands. Indicate on
the diagram the charge distribution on the spheres when a
positively charged rod is brought near sphere x, but does not
touch it.

– –
– –

–+
–+

++
++
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Electric Field Lines
PURPOSE
To understand how to draw electric field lines, showing field strength and direction.
PROCEDURE, DATA, & ANALYSIS
1. Michael Faraday was a genius at visualizing the electric field lines around many complex
charged bodies. See how you do by first picturing the electric field lines and then drawing it
accurately using the websites below. If you find yourself simply copying the correct drawings
without understanding, do yourself a favor: stop and think about it before you go on further.
2. In pencil make careful drawings for the charge configurations shown in the diagrams.
3. Use a solid line for an electric field line. Use one arrow on each line to indicate field direction.
4. Remember that the spacing of field lines indicates field strength. Lines can never cross!
This is probably the best overall applet to start with, but there are some subtle flaws:
http://www.flashphysics.org/electricField.html
This one works well, but field lines are not shown, only field vectors:
https://phet.colorado.edu/sims/html/charges-and-fields/latest/charges-and-fields_en.html
This final animation from physicsclassroom.com is good too, but again it only shows field vectors:
http://www.physicsclassroom.com/Physics-Interactives/Static-Electricity/Electric-FieldLines/Electric-Field-Lines-Interactive
POSITIVE CHARGE

OPPOSITE CHARGES, EQUAL AMOUNT

NEGATIVE CHARGE

ALIKE CHARGES (EQUAL AMOUNT)
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OPPOSITE CHARGES, UNEQUAL AMOUNT

THREE CHARGES

SPHERE OF CHARGE
(“FARADAY CAGE”)

ALIKE CHARGES (UNEQUAL AMOUNT)

LINE OF CHARGE

LINES OF OPPOSITE CHARGE
(PARALLEL PLATE CAPACITOR)

!
no field
inside!
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Ohm’s Law
PURPOSE
To investigate the relationship between current, resistance, and voltage and to determine whether
the given resistors are “ohmic.”
EQUIPMENT
- ammeter and voltmeter
- circuit board (with connecting wires)
- one D-cell battery
- 2 resistors: 330 Ω (blue), 560 Ω (green)
PROCEDURE
1. Convince yourself that the circuit board is hooked up correctly according to the schematic
diagram below. Be patient as this may take some time to follow all the paths for electricity. In
the next lab you will have to wire your own circuits so you need to gain confidence now.
2. Push the D cell batteries into the battery holder. Check that the 330 Ω resistor is in the circuit.
3. Turn on the voltmeter to the 2 V setting where it says “V ” (about the 9 o’clock position on a
watch dial.) The voltmeter measures volts.
4. Turn on the ammeter to the 20 m setting where is says “A ” (about the 7 o’clock position on a
watch dial.) The ammeter measure current in milliamps.
5. To check that the circuit is working, turn the potentiometer clockwise. Notice as the voltage
increases, the current increases. The voltmeter will read a maximum of 1.5 volts (one D cell).
6. Now turn the potentiometer so the voltage reads about 0.2 volts. Don’t bother trying to get exact
voltages. Record the voltage and the current at this setting under Data Table 1.
7. Increase the voltage about 0.2 volts by turning the
potentiometer and take another reading of both
current and voltage. Repeat in increments of around
0.2 volts and record all trials under Data Table 1.
8. Turn both the ammeter and voltmeter off. Take the
resistor out and place the new one in the circuit.
9. Turn both the ammeter and voltmeter back on
making sure the voltmeter is back on 2 V and the
ammeter is back on 20 m. Take a new set of readings
with this new resistor, again using about 0.2 volt
increments, and record all trials in Data Table 2.
10. Turn off both the voltmeter and the ammeter and
take the batteries out of the holder.
11. Measure and record the actual resistance of each
resistor. Use the voltmeter, but switch to the “2k” Ω
setting (about the 5 o’clock position on a watch dial.)
This now turns the voltmeter into an ohmmeter,
measuring resistance in kilo-ohms. Remember that
“k” means 103, so 1 kΩ = 1 x 103 Ω.

Schematic diagram
battery
+
–

potentiometer

resistor

A
ammeter

voltmeter

V

12. Place the original resistor in the circuit so it is ready
for the next class.
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DATA & ANALYSIS
1. Convert current from milliamps (mA) to amps (A) and record in the data tables.
2. Create a graph of voltage and current (in amps) for each resistor. Think carefully about which
quantity goes on the x-axis and y-axis. Use the same scale on both graphs, so think ahead
before you plot points. For the current axis, label it as “current (A) ´ 10-3” so that the increments
stays as integers and not small decimals.
3. Enter the voltage and current (in amps) into Lists L1 – L6 in your calculator. Use Stat Plot to set
up a graph, Stat Calc for a Lin Reg L1, L3 to determine the best-fit line. Write the equation below
the graph using appropriate variables for current and voltage (not y and x, nor amps and volts!)
4. Using a ruler, draw a best-fit line for the data on the each graph. Note the shape of the graph.
What does this indicate about the relationship between voltage and current?
Data Table 1
L1
L2
Voltage
Current
(V)
(mA)

Data Table 2
L4
L5
Voltage
Current
(V)
(mA)

L3
Current
(A)

0.20

0.63

6.3 ´ 10-4

0.20

0.36

3.6 ´ 10-4

0.40

1.24

1.24 ´ 10-3

0.40

0.73

7.3 ´ 10-4

0.60

1.87

1.87 ´ 10-3

0.60

1.08

1.08 ´ 10-3

0.80

2.48

2.48 ´ 10-3

0.80

1.45

1.45 ´ 10-3

1.00

3.09

3.09 ´ 10-3

1.00

1.83

1.83 ´ 10-3

1.20

3.72

3.72 ´ 10-3

1.20

2.18

2.18 ´ 10-3

1.40

4.35

4.35 ´ 10-3

1.40

2.54

2.54 ´ 10-3

known resistance #1 (in W)

known resistance #2 (in W)

325

4.0

4.0

3.0

3.0

current (A) ✕ 10-3

current (A) ✕ 10-3

556

Resistor 2

Resistor 1

2.0

1.0

0

L6
Current
(A)

2.0

1.0

0.2

0.4

0.6 0.8 1.0
voltage (V)

Equation of best-fit line:

I = 0.003096ΔV + 5.71× 10 −6

1.2

1.4

0

0.2

0.4

0.6 0.8 1.0
voltage (V)

1.2

1.4

Equation of best-fit line:

I = 0.001820ΔV + 2.86 × 10 −6
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QUESTIONS & CALCULATIONS
1. Using your graph and equation of best fit determine the experimental resistance of each resistor.
(Hint: consider how the slope of the graph is related to the resistance.)
experimental resistance #1

323.0 Ω

experimental resistance #2

549.6 Ω

2. Calculate the percent error for each resistor by comparing them to the known value found using
the ohmmeter. Show your work for the error calculations. Use exact values from earlier
calculations to find the error. Do not claim 0 % error!

known − experimental
325 − 323
× 100% =
× 100% = 0.62%
known
325

percent error resistor #1

0.62%

556 − 549.5
× 100% = 1.18%
556

percent error resistor #2

1.18%

3. An ohmic device has a resistance that does not vary with voltage. In this lab, are the resistors
ohmic? Explain by referring to the graphs and equations.
Yes, the resistors are ohmic. This can be seen visually because the graphs of voltage vs. current
are linear and do not curve at all. This means the ratio of voltage over current, which defines
resistance, stays constant over the range of voltages from the data.

4. Assuming these resistors are ohmic, determine the current that will pass through each of resistor
when 5 volts are applied across each one. Use best-fit equation, and show work below.
Resistor 1 : I1 = 0.003095(5) + 5.71× 10 −6 = 0.0155 A
Resistor 2 : I 2 = 0.001820(5) + 2.86 × 10 −6 = 0.0910 A

5. Calculate the power consumed by each resistor, (assuming that 5 volts are applied across each
resistor.)
Resistor 1 : P1 = I1ΔV1 = (0.0155 A)(5 V) = 0.0774 W
Resistor 2 : P2 = I 2 ΔV2 = (0.0910 A)(5 V) = 0.0455 W
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Lights in Circuits
PURPOSE
To be able to build and conceptually analyze series and parallel circuits.
EQUIPMENT
- circuit board (with connecting wires)
- 3 light bulbs
- two D-cell batteries
PROCEDURE
1. Use wires to connect the spring contact points of two D-cell batteries to the spring contact points of
a single light bulb as shown below in the wiring diagram. Confirm that the schematic diagram
below is a “blueprint” for the circuit. Note the brightness of the bulb.
Note: do not add or remove any wires from the battery contact springs for the rest of the lab!

light bulb

WIRING DIAGRAM
light
bulb

+ –

batteries

+ –

SCHEMATIC DIAGRAM
+

–

+ –

batteries
2. Now design a circuit that allows you to light all three bulbs, with each one being equally bright.
(Sometimes “identical” bulbs can look slightly different in brightness. Remember, use both batteries
in the same way shown above – don’t hook any new wires to either battery!
3. Compare the brightness of the three bulbs to the original single bulb. Explain the observed
brightness.
The bulbs are the same brightness as the original single bulb. Each bulb has an independent
“loop” of wires, so that they all get the full voltage from the batteries.

4.

What happens if you unscrew one of the bulbs? Do the other bulbs go out or does it stay on? Why
or why not?
If you unscrew one bulb, the other bulbs stay on. Each bulb has independent connection to the
batteries, so when one “loop” is disrupted, the others stay connected.

5. Below draw a wiring diagram and a schematic diagram for this three-bulb circuit. On both diagrams,
label light bulbs “A”, “B”, and “C”.
wiring diagram
schematic diagram
A

A

B

C

B

+

–

+

–
C
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6. Now design another circuit that allows you to again light all three bulbs, with each one being
equally bright, but with different brightness than in the last three-bulb circuit.
7. Compare the brightness of the three bulbs now to the other circuits. Explain the observed brightness.
The bulbs are the dimmer than the original single bulb. All bulbs have to share a single “loop”
of wires, so that they share the voltage from the batteries. Each gets 1/3rd of the voltage.
8. What happens if you unscrew one of the bulbs? Do the other bulbs go out or does it stay on? Why or
why not?
If you unscrew one bulb, the other bulbs all go out. The bulbs are connected in one “loop”, so
when the loop is disrupted, there is no connection to the batteries.
9. Below draw a wiring diagram and a schematic diagram for this three-bulb circuit. On both diagrams,
label light bulbs “A”, “B”, and “C”.
wiring diagram
schematic diagram
B
A

B

A

C

+

–

+

–
C

10. Design one last circuit which will light two bulbs with the same brightness, but a third bulb with a
clearly different brightness. You may have to look closely to see the dimmer bulb(s).
11. Compare the brightness of the three bulbs now to the other circuits. Explain the observed brightness.
One bulb is the same brightness as the original single bulb, but the other two bulbs are
dimmer. One bulb has an independent “loop” of wires, but the other two bulbs share a
separate “loop” of wire. One bulb gets the full voltage, the other get ½ the voltage.
12. What happens if you unscrew one of the bulbs? Do the other bulbs go out or does it stay on? Why or
why not?
If you unscrew the one bright bulb, only that bulb will go out since that disrupts that
independent loop. When either one of the other two bulbs is unscrewed, both these bulbs go
out since that disrupts the connection to the batteries.
13. Below draw a wiring diagram and a schematic diagram for this three-bulb circuit. On both diagrams,
label light bulbs “A”, “B”, and “C”.
wiring diagram
schematic diagram
A
A

B

C

+

–

+

–

B

C
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