
Physics Distance Learning Packet 

Virtual Office Hours: 9:00 a.m.- 11:00 a.m. & 1:00 p.m.- 3:00 p.m. 

May 4 May 5 May 6 May 7 May 8 
Standard:  H.P.3A.1  

Learning Tasks:  
1. Review Work and Power

Notes
2. Work and Power Problems

(1-7)

Standard:   H.P.3A.2  

Learning Tasks:  
1. Review Work and Power

Notes
2. Work and Power Problems

(8-14)

Standard:   H.P.3B.2 -  

Learning Tasks:  
1. Review Energy Notes 
2. Energy Problems (1-4)

Standard: H.P.3B.1 - 

Learning Tasks:  
1. Gizmos – Potential Energy

on Shelves – Activity A
2. Review notes and complete

all work, power, and energy
problems

OR 
1. OFFLINE Stair Lab

Standard:  H.P.3B.2 - 

Learning Tasks:  
1. Gizmos – Potential Energy

on Shelves – Activity B
2. Review notes and complete

all work, power, and energy
problems

Extension Activities 
Stair Lab 

Extension Activities 
Stair Lab  

Extension Activities 
Stair Lab  

Extension Activities 
Stair Lab  

Extension Activities 
Stair Lab  

May 11 May 12 May 13* May 14 May 15 
Standard:  H.P.2B.6 

Learning Tasks:  
1. Review Momentum, 

Impulse, & Collisions Review
Notes

2. Write annotations (1 
annotation per page = 3
total) – directions at the
bottom of each page of the
notes.

Standard:  H.P.2B.6 

Learning Tasks:  
1. Review Notes and 

Annotations
2. Answer questions 1-3 on the

Momentum, Impulse, &
Collisions Problem Handout

Standard:  H.P.2B.6 

Learning Tasks:  
1. Review Notes and 

Annotations
2. Answer questions 4-7 on 

the Momentum, Impulse, &
Collisions Problem Handout

Standard:   H.P.2B.5 

Learning Tasks:  
1. Gizmos – Air Track – Prior

Knowledge, Warm-up, 
Activity A

2. Review Gizmos Air Track
Vocabulary Handout

OR 
1. OFFLINE Modified At-home

Egg Drop Momentum
Project

Standard:   H.P.2B.5 

Learning Tasks:  
1. Gizmos – Air Track –

Activity B, Activity C
2. Review Gizmos Air Track

Vocabulary Handout
OR 

1. OFFLINE Modified At-home
Egg Drop Momentum
Project

Extension Activities 
Study Guide – Momentum and Its 
Conservation – use your notes, 
books, internet, and Gizmo to 
answer all the questions 

Extension Activities 
Study Guide – Momentum and Its 
Conservation – use your notes, 
books, internet, and Gizmo to 
answer all the questions 

Extension Activities 
Study Guide – Momentum and Its 
Conservation – use your notes, 
books, internet, and Gizmo to 
answer all the questions 

Extension Activities 
Study Guide – Momentum and Its 
Conservation – use your notes, 
books, internet, and Gizmo to 
answer all the questions 

Extension Activities 
Study Guide – Momentum and Its 
Conservation – use your notes, 
books, internet, and Gizmo to 
answer all the questions 

*Please note that the last day for Seniors to submit assignments is May 15th.  All Seniors will be exempt from completing any Distance Learning assignments for May 14-May 
22.  Assignments for all Distance Learning must be submitted (digitally on Schoology or paper packets to schools) no later than May 15th for Seniors. Details about the process 
for submitting packets to individual schools will be communicated by building administrators following a district-wide announcement from Merry Glenne Piccolino.



Physics Distance Learning Packet 

May 18 May 19 May 20 May 21 May 22 

Standard:  H.P.3D.4  

Learning Tasks:  
1. Review Wave Properties 

Notes
2. Wave Properties Simulation
OR 
OFFLINE Wave Properties
Problems

Standard:  H.P.3D.4  

Learning Tasks:  
1. Review Wave Properties 

Notes
2. Finish Wave Properties 

Simulation
OR 
OFFLINE Wave Properties 
Problems 

Standard:  H.P.3D.4  

Learning Tasks:  
1. Review Wave Properties 

Notes
2. Waves Speed and Frequency

Word Problems

Standard: H.P.3D.1 - 

Learning Tasks: 
1. Review Wave Interference

Notes
2. Wave Interference

Simulation
Or 
1. Read the Black hole article.

Standard:  H.P.3D.1 -. 

Learning Tasks: 
1. Review Wave Interference

Notes
2. Finish Wave Interference

Simulation
Or 
1 Answer the writing prompts 
For the black hole article 

Extension Activities 

1. Wave Properties
Problems

***If you don’t have internet 
access to do the PHET 
Simulation activity you must 
do the Wave Properties 
Problems. 

Extension Activities 

1. Wave Properties
Problems

***If you don’t have internet 
access to do the PHET 
Simulation activity you must 
do the Wave Properties 
Problems. 

Extension Activities Extension Activities 
Read the Black hole article 

***If you don’t have internet 
access to do the wave 
interference Simulation 
activity you must do the 
Wave Properties Problems. 

Extension Activities 
Answer the writing prompts 
For the black hole article 

***If you don’t have internet 
access to do the wave 
interference Simulation 
activity you must do the 
Wave Properties Problems. 





LAB PHYSICS 
LAB SHEET 

WORK, POWER & ENERGY 

DATE: ___ 
PURPOSE: To compare the work done by you and the power you generate as you climb one flight of stairs at 

different speeds. 

MATERIALS: meter stick, stop watch 

PROCEDURE:
1. Count the number of steps that will be used during the lab.
2. Carefully measure the height of one of those steps in meters.
3. Carefully measure the time that it takes you to walk up the stairs.  DO NOT SKIP STEPS OR USE THE

HANDRAIL. 
4. Carefully measure the time that it takes you to run up the stairs.  DO NOT SKIP STEPS OR USE THE

HANDRAIL. 

DATA:
You will need spaces for the number of steps, the height of one step, the time to walk up the steps, the time to run up 

the time to run up the steps, and your weight. 

CALCULATIONS:
1. Convert your weight from pounds to kilograms.  1 kilogram = 2.205 pounds.
2. The force needed to lift you up is equal to your weight.  Calculate your weight here.  (Fg=mg)
3. Determine the total distance that the force was applied over.  This is the height of all of the stairs that you

climbed. 
4. Determine the work that was done as you climbed the stairs.  (W=Fd)
5. Determine the total power that you generated as you walked up the stairs. (P=W/t)
6. Determine the total power that you generated as you ran up the stairs.
7. Calculate your gain in potential energy.  (PE=mgh)

CONCLUSION: Answer the following in complete sentences. 
1. What effect did the time have on the work you did to climb the stairs?
2. What effect did the time have on the power you generated as you climbed the stairs?
3. Compare the proportion between the times and the proportion between the powers.  What do you notice about

them? 
4. Where is your potential energy greatest?  Where is it least?
5. How did you increase your potential energy?
6. If you were to fall down the stairs, where would your potential energy be greatest? Where would it be least?
7. If you were to fall down the stairs, where would your kinetic energy be greatest? Where would it be least?
8. If you were to fall down the stairs, how fast would you be going at the bottom?

Lab Option 1 Gizmos may be found on Schoology

May 7-8

Lab option 2 W, P,& E 
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MOMENTUM AND ITS CONSERVATION 
Vocabulary Review 
Write the term that correctly completes the statement. Use each term once. 
 

angular impulse-angular momentum theorem impulse-momentum theorem 
momentum isolated system 
angular momentum law of conservation of angular momentum 
closed system law of conservation of momentum 
impulse  

1. ________ The product of a rotating object’s moment of inertia and its angular velocity is the 
____ of the object. 

2. ________ The ____ states that the momentum of any closed, isolated system does not change. 
 

3. ________ The ____ states that the angular impulse on an object equals the difference in the 
object’s final and initial angular momenta. 

4. ________ The ____ states that an object’s initial angular momentum equals its final angular 
momentum when no external torque acts on the object. 

5. ________ In a(n) ____ , mass in neither gained nor lost. 
 

6. ________ The product of the average force on an object and the time interval over which it 
acts is ____. 

7. ________ In a(n) ____ , no net external force is exerted on the system. 
 

8. ________ When mass is multiplied by velocity, the answer is a measure of ____. 
 

9. ________ The ____ states that the impulse on an object is equal to the change in the object’s 
momentum. 

SECTION 1  Impulse and Momentum 
In your textbook, read about relating impulse and momentum. 
The diagram shows the force-time graph for a force acting on a 12.0-kg cart initially at rest on a frictionless 
surface. Use the diagram to answer questions 1–8. Show your calculations where necessary. 

 

1. What is the magnitude of the force acting on the cart? _________________________ 
2. How long does the force act on the cart? _________________________ 
3. The shaded area of the graph represents _________________________. 
4. The algebraic expression that represents the shaded area of the graph is  

16 

9 

 

Copyright © Glencoe/McGraw-Hill, a division of The McGraw-Hill Companies, Inc. 

Chapter 9  Momentum and Its Conservation 

2 

 _________________________. 
5. What is the amount of impulse acting on the cart? _________________________ 
6. The algebraic expression that represents the momentum of the cart is 
 _________________________. 
7. How large is the change in momentum of the cart? 

 
 
 
 

8. The final velocity of the cart is _________________________. 
 

 

In your textbook, read about using the impulse-momentum theorem. 
Read each statement below. For each situation, calculate vi, vf, pi, pf, the impulse vector Ft, and the amount of 
force needed for the change to occur. All situations refer to a truck with a mass of 2840 kg. Assume that the 
forward direction is positive. 

9. The truck has a velocity of 8.30 m/s and comes to a stop in 15.0 s. 
10. The truck, initially at rest, reaches a velocity of 8.30 m/s in 20.0 s. 
11. The truck is at rest. In 5.00 s, the truck backs up to a speed of 1.38 m/s. 
12. The truck is moving backward with a velocity of 1.38 m/s and comes to a stop in 5.00 s. 

In your textbook, read about the impulse-momentum theorem as it applies to air bags. 
Answer the following questions. Use complete sentences. 

13. List two ways in which impulse can be increased. 
 ____________________________________________________________________________________ 
 ____________________________________________________________________________________ 
 ____________________________________________________________________________________ 
14. How does an air bag reduce injuries that would be caused by the steering wheel during an  

accident? Write your answer in terms of impulse. 
 ____________________________________________________________________________________ 
 ____________________________________________________________________________________ 
 ____________________________________________________________________________________ 

 
 

In your textbook, read about angular momentum. 
Read each statement below. If the statement is true, write true. If the statement is false, rewrite the  
italicized part to make the statement true. 

15. ________ The moment of inertia around a given axis of a fixed, solid object cannot be changed. 
16. ________ Linear momentum is the product of the moment of inertia and angular velocity for  
   a rotating object. 
17. ________ A net torque on an object results in a change in angular momentum. 
18. ________ As an ice skater spins and pulls her arms closer to her body, her angular  
   velocity decreases because of the change in her moment of inertia. 
19. ________ An object’s moment of inertia depends upon the distribution of mass about the  
   axis of rotation. 
20. ________ As each planet orbits the Sun, its angular momentum is zero because the torque on 
   each planet is zero. 
21. ________ A planet moves slower when its distance from the Sun decreases. 

 
SECTION 2 Conservation of Momentum 
In your textbook, read about two-particle collisions. 
Read the following sentences. Use complete sentences to comment on items 1–3. 
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Two balls, A and B, are traveling at different speeds and have different masses. They collide head-on 
and rebound in opposite directions as part of a closed, isolated system. 

1. the force that ball A exerts on ball B and the force that ball B exerts on ball A 
____________________________________________________________________________________ 
____________________________________________________________________________________ 
____________________________________________________________________________________ 

2. the impulses received by both balls 
____________________________________________________________________________________ 
____________________________________________________________________________________ 
____________________________________________________________________________________ 

3. the total momentums of the balls before the collision and after the collision 
____________________________________________________________________________________ 
____________________________________________________________________________________ 
____________________________________________________________________________________ 

In your textbook, read about momentum in a closed, isolated system. 
Write the term that correctly completes the statement. Use each term once. 

change external forces isolated system 
closed system interaction law of conservation of 
conditions internal forces momentum 

A(n) (4) __________________________ is a system that does not gain or lose mass. Within such a  
system, all forces are (5) __________________________. Forces that are outside this system are  
(6) __________________________. This system is a(n) (7) __________________________ when the net 
external force on it is zero. The (8) __________________________ states that the momentum of the 
system does not (9) __________________________ if the system has no net external forces acting on it. 
You can use this law to relate (10) __________________________ before and after an interaction 
even if you do not know any details of the (11) __________________________. 

In your textbook, read about recoil. 
Write less than zero, zero, or greater than zero in the blanks for questions 12–15. For questions 16 and 17, circle 
the answer that best completes the statement. 

Two in-line skaters are standing still on a surface that is smooth so that there are no external forces.  
The first skater gives the second skater a push in one particular direction. The momentum of the  
system before the push is (12) __________________________. The momentum of the system after  
the push is (13) __________________________. The momentum of the first skater after the collision is 
(14) __________________________, and that of the second skater is (15) ________________________. 
16. The momentum of the first skater after the push can be written as pAf, or it can be written as

a. pA, i c.  pB, f

b.  pB, f d. 0 
17. If the velocity of the second skater after the push is represented by vBf, the velocity of the first

skater after the push is 

a.  A

B

m
m B, fv  c.  B

A

m
m B, fv  

b. 0 d.  A

B

m
m B, fv  

In your textbook, read about two-dimensional collisions. 
Read the paragraph below. Use the momentum diagram at right,  
indicating the final momentum of the system, pf; the momentums of  
both balls after the collision, pAf and pBf; the right angle; and the  
50.0° angle. 
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A 4.0-kg ball, A, is moving at a speed of 3.0 m/s. It collides with  
a stationary ball, B, of the same mass. After the collision, ball A 
moves off in a direction of 50.0° to the left of its original direc- 
tion. Ball B moves off in a direction of 90.0° to the right of ball  
A’s final direction. 

For each description given, write the letter of the matching term. 
18. ________ a term that represents the total momentum of the 

system before the collision 
19. ________ the magnitude of the total momentum of the system 

after the collision 
20. ________ the magnitude of ball A’s final momentum 

21. ________ the magnitude of ball B’s final momentum 

22. Skater N, 58.9 kg, is moving north at a speed of 7.8 m/s when she collides with Skater E, 72.6 kg,
moving east at 3.5 m/s. The two skaters are stuck together. In what direction and with what 
speed do they move after the collision? Draw and label a momentum-vector diagram. Show 
your calculations. 

a. (12 kg•m/s)(cos 50.0°) 
b. 12 kg•m/s
c. (12 kg•m/s)(sin 50.0°)
d. pAi



The Humpty Dumpty Project 

Can you protect Humpty from his “great fall”? 
You will work with your team to design and build a contraption to catch or cradle an 
egg as it falls to keep the egg from breaking. You will use your understanding of 
kinematics, momentum, impulse, and collisions. 

Guidelines and Limitations 
 Groups must design and build their contraptions

o No kits
o No commercial products or contraptions purchased from the internet

 Contraption may catch an egg after the egg is dropped or contain an egg as the egg is dropped
 No pillows, blankets, cushions, foam products, bubble wrap, or other “shock absorbers” may be used

(This includes peanut butter, jello, or food stuff in general)
o You must design something that will minimize the force of the fall or maximize the impact

time – no fair just taking a slab of commercial foam and using that to catch your egg!
 No parachutes allowed to reduce speed of fall!
 Maximum cost of materials: (please do not leave your house to buy materials, use what you have)
 Dimensions may not exceed 30000 cm3

o This equates to a cube about 30 cm x 30 cm x 30cm (1 ft x 1 ft x 1 ft)
o Your contraption may be taller, wider, or skinnier as long as the volume does not exceed the

maximum
 All drops will be from a height of at approximately 10 feet or higher.
 No re-design or repairs will be allowed on Drop-Day

o If your contraption is damaged during the competition, it must play with pain for the rest of
the day

 Any crack in the egg shell following a drop will result in elimination from further competition
 Last contraption standing is the winner (based on the number of drops it takes to crack the egg, we’re

using the honor system here; winner and top 3 may be posted on your teacher’s school page)

Requirements 
 Final Project Report

o A short paper (between 1-3 pages) that includes:
 Theory underlying your design

 Physics concept underlying your design (why will your contraption work)
 Detailed design
 Pictures attached to your paper showing the assembly and drop processes

 Final project summary
 Initial plan
 Tests and/or re-designs
 Final design, including specifications
 Costs and sources of materials
 Performance data

o How did you do when dropped?
 Error analysis – ideas for improvement of your design

o This paper may not be hand-written
 Design sketches may be hand-drawn

May The Force Be Minimized! 



MOMENTUM, IMPULSE, & COLLISIONS  

PROBLEMS 

  

MOMENTUM FORMULA & STUFF FROM THE PAST:  p = mv, KE = ½mv2, d = vt   
  

1. An ostrich with a mass of 146 kg is running to the right with a velocity of 17 m/s.    

  

a. Calculate the momentum (in kg∙m/s) of the ostrich.  
 

  

b. Calculate the kinetic energy (in J) of the ostrich.  
 

  

c. Calculate the distance (in m) travelled by the ostrich after 5 seconds.  
 

  
  

2. A 21 kg child is riding a 5.9 kg bike with a velocity of 4.5 m/s to the left.  
 

  

a. Calculate the momentum (in kg∙m/s) of the child-bike system.  

  
 

b. Calculate the kinetic energy (in J) of the child-bike system.  

  
 

c. Calculate the distance (in m) travelled by the child-bike system after 5 seconds.  

  
 

  

COLLISIONS:  ELASTIC   
  

3.  The ostrich from Probl. 1 collides with the child and his bike from Probl. 2.  

Assume the collision is elastic.  Make the right the positive direction.  
  

a) What is the total momentum of the ostrich/child/bike system together (in 

kg∙m/s)?  
 

  

b) What is the total kinetic energy of the ostrich/child/bike system together (in J)?  

  
 

c) If the child-bike system bounces back with a velocity of 3 m/s, what is the final velocity of the ostrich (in 

m/s)?  

  
 

d) How much kinetic energy (in J) does the child/bike system have after the collision?  

 
 

e) How much kinetic energy (in J) does the ostrich have?  

  

 

f) Was momentum conserved?    YES             NO      
  

May 12th, 2020 

Problems #1-3   

COLLISIONS:  INELASTIC   
  

4. The ostrich from Problem 1 collides with the child and his bike from Problem 2.  
Assume the collision is inelastic.  

  

a) What is the total momentum (in kg∙m/s) of the ostrich/child/bike system 

together?  
  
  
 

b) What is the mass (in kg) of the ostrich/child/bike system together?  
  

  
 

c) What is the final velocity (in m/s) of the ostrich/child/bike system together?  

  
 

d) Will the system be moving to the right or to the left?  

 
 

e) How much kinetic energy (in J) does the ostrich/child/bike system have?  

  

 

f) Was momentum conserved?    YES             NO      
  

  
  

IMPULSE/MOMENTUM:  Impulse  =  F  t, p = m v, d = v t   
  

5. A 0.50 kg football is thrown with a velocity of 15 m/s.  A stationary 

receiver catches the ball and brings it to rest in 0.020 s.  What is the force 

(in N) exerted on the receiver?  
  
  
  
  
  

6. A 0.50 kg object is at rest.  A 3.00 N force acts on the object during a time interval 

of 1.50 s.  The force acts toward the right.  
  

a) What is the velocity (in m/s) of the object at the end of this interval?  

  
 

  

b) At the end of this interval, a constant fore of 4.00 N to the left is applied for 3.00 s.  What is the velocity 

(in m/s) at the end of the 3.00 s?  
  

  
 

7. A 2.5 kg meteorite traveling at 30 m/s landed in Mario’s front yard. It made a 0.5 m hole in the ground.  What 

force (in N) did it take to stop the meteorite?  
  
  
  
 

May 13th, 2020 

Problems #4-7 
 



Notes Packet- Waves 
 
What is a wave? ____________________________________ 
 
2 types of waves- transverse and longitudinal 
 Transverse- medium vibrates perpendicular to the motion of the wave 
 Longitudinal- medium vibrates parallel to motion of the wave 
Mechanical waves- need a medium- disruption of particles 
Electromagnetic waves- do not need a medium- details are not observed easily… 
 
Surface waves- water waves- are a mixture of transverse and longitudinal 
 Particles move perpendicular and parallel 
 What causes water waves? 
 Tidal waves? 
Wave pulse- one disturbance that moves through the medium 
Traveling wave- continuously moves through 
 
Properties of waves- 
 Period (T)- the shortest time interval in which the motion repeats itself  
 Frequency(f)- number of vibrations per second at a fixed location 
  Measured in Hertz (Hz) 
   f = 1/T 
  Frequency and period are reciprocals of each other 
 Wavelength ()- shortest distance between points that repeat themselves 
  Crest- high point in a wave 
  Trough- low point in a wave 
   Distance between each crest- 1 wavelength 
   Distance between each trough- 1 wavelength 
 Velocity- speed of the wave 
 
The wave will move one wavelength in one period- 
 v = /T     v = f 
 
 Amplitude- maximum displacement from the equilibrium 
  In order to get a larger amplitude- you must do work! 
 
   



PS Physics Chapter 10    Wave Properties                         Name __________________ 

1.   Stan and Anna are conducting a slinky experiment. They are studying the possible affect of several 
variables upon the speed of a wave in a slinky. Their data table is shown below. Fill in the blanks in 
the table, analyze the data, and answer the following questions. 

Medium Wavelength Frequency Speed 

Zinc, 1-in. dia. coils 1.75 m 2.0 Hz ______ 

Zinc, 1-in. dia. coils 0.90 m 3.9 Hz ______ 

Copper, 1-in. dia. coils 1.19 m 2.1 Hz ______ 

Copper, 1-in. dia. coils 0.60 m 4.2 Hz ______ 

Zinc, 3-in. dia. coils 0.95 m 2.2 Hz ______ 

Zinc, 3-in. dia. coils 1.82 m 1.2 Hz ______ 

2.   As the wavelength of a wave in a uniform medium increases, its speed will _____. 
a. decrease    b. increase   c. remain the same 

3.   As the wavelength of a wave in a uniform medium increases, its frequency will _____. 
a. decrease    b. increase   c. remain the same 

 

 

Wave Speed Practice Problems 

Use the equations to solve the following problems.     v = f           v = d/t 
 

4.  A buoy bobs up and down in the ocean. The waves have a wavelength of 2.5 m, and they pass the buoy   
     at a speed of 4.0 m/s. What is the frequency of the waves? 
 
 
5.  Waves in a lake are 6 m apart and pass a person on a raft every 2 s. What is the speed of the waves? 
 

6.  One of the largest organ pipes is in the auditorium organ in the convention hall in Atlantic City, New    
     Jersey. The pipe is 38.6 ft long and produces a sound with a wavelength of about 10.6 m. If the speed   
     of sound in air is 346 m/s, what is the frequency of this sound? 
 
7.  A wave with a frequency of 60.0 Hz travels through vulcanized rubber with a wavelength of 0.90 m.  
     What is the speed of this wave? 

8. A dolphin can typically hear sounds with frequencies up to 150 kHz. What is the speed of sound in  
    water if a wave with this frequency has a wavelength of 1.0 cm? 
 
 
9.  Red light has a longer wavelength than violet light. Which has the greater frequency? 

 

10. Noah stands 170 meters away from a steep canyon wall. He shouts and hears  
      the echo of his voice one second later. What is the speed of the wave?  

 

11. The time required for the sound waves (v = 340 m/s) to travel from the tuning fork to point A is ____. 

 

12.  A wave travelling on a string has a wavelength of 0.10 m and a frequency of 7 Hz.  Calculate  
       the speed of the wave.  

 

13. The water waves below are traveling along the surface  
      of the ocean at a speed of 2.5 m/s and splashing periodically  
      against Wilbert's perch. Each adjacent crest is 5 meters apart.  
      The crests splash Wilbert's feet upon reaching his perch.  
      How much time passes between each successive drenching? 

 

Bonus:  An electromagnetic wave moving through free space at 3 x 108 m/s has a frequency of  
              4.62 x 1014 Hz.    What is the wavelength of this wave? 

14.  The following two graphs represent data from the same wave travelling due west through a particular 
        medium.  From the graphs determine: (a) the wavelength; (b) the amplitude; (c) and the frequency.  
 
  
 





Notes Packet- Wave Interference 
 
Matter- two objects can not be in the same place at the same time. 
Waves- can be in the same place at the same time 
 
What determines the speed of a wave? 
 Amplitude?  Frequency? 
Speed is determined by ___________________________. 
Which travels faster- ocean waves or waves in a ripple tank?  Why? 
 
What happens when a wave changes mediums? 
 Incident wave- wave leaving first medium 
 Transmitted wave- entering new medium 
  -Part of the incident wave moves backward into the original medium 
 Reflected wave- backward wave in original medium 
If the mediums are similar, most energy will be transmitted, not reflected 
If there is a big difference- most energy will be reflected 
 ie-  a spring hitting a wall- most energy is reflected 
  a spring to a slightly smaller spring- most energy is transmitted 
If a wave passes from a less dense to a more dense medium- the reflected wave isinverted 
If it passes from more dense to less dense- the reflected wave is upright 
  Longitudinal waves will act the same way!!! 
 
Superposition of waves- 
 Principal of Superposition- displacement of a medium caused by two or more  

waves is the algebraic sum of the displacements caused by the individual waves. 
 This is called wave interference. 
 Constructive Interference- wave displacements are in the same direction. 
 Destructive Interference- wave displacements are in opposite directions-cancel  

each other out. 
Standing waves- 
 When two pulses with equal but opposite amplitudes meet- one point is never disturbed… 

 -This is called a node. 
  -Antinode is the point of maximum displacement 
 Standing wave- waves that appear to stand still 
 
Reflection- waves can be shown by ray diagrams (vectors) 
 A ray is drawn at a right angle from the crest of the wave 
  Barrier- object the wave reflects off of 
  Normal- a line perpendicular to the barrier 
  Angle of incidence- angle between the incidence ray and the normal 
  Angle of reflection- angle between the normal and reflection ray. 
Law of Reflection- The angle of incidence equals the angle of reflection!!! 
 
Refraction- the change in direction of the wave at the boundary of two medium 
 Eyeglasses- refraction 
 
Diffraction- Waves pass through a hole in a barrier- 
 The waves bend around the edges of the barrier 
 The spreading of these waves is diffraction 
   
  Two crests or troughs meet- constructive interference 
   Antinodes 
   Antinodal lines- radiate from the barrier 
  Undisturbed water- nodes 
   Nodal lines are between antinodal lines 



This article is available at 5 reading levels at https://newsela.com.

See a black hole for the first time in images
from Event Horizon

Scientists have captured the first direct image of a supermassive black hole. The cosmic portrait belongs to the black hole at the center of
Messier 87, the largest galaxy we know of, about 54 million light-years away. Photo by: Event Horizon Telescope collaboration

Scientists have finally captured the first direct image of a supermassive black hole.

The highly anticipated cosmic portrait belongs to the black hole at the center of Messier 87, the

largest galaxy we know of, about 54 million light-years away.

The new image comes from the Event Horizon Telescope, a network of eight radio telescopes

spread across the planet and functioning as if it were a single receiver, one tuned to high-

frequency radio waves.

The image shows the boundary between light and dark around a black hole, called the event

horizon - the point of no return, where the gravity of the black hole becomes so extreme that

nothing that enters can ever escape. At the center of the black hole, time and space become so

curved upon themselves that the laws of physics break down completely.
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Over the course of a week in April 2017, EHT astronomers on four continents coordinated their

efforts to make observations of the supermassive black hole. The two targeted black holes - in the

center of the Milky Way and in M87 - are roughly the same apparent size when seen from Earth,

because although the M87 black hole is much larger it's also much farther away.

To perform the observation, the astronomers battled bad weather and glitchy electric grids. They

donned oxygen tanks and climbed three-mile-high mountains to escape the interference of Earth's

atmosphere. Then they spent the two years parsing literal truckloads of data, some of which had to

be shipped on hard drives from the South Pole and defrosted outside a supercomputer facility at

MIT. Finally, they tested their findings against the results of a million simulations of what a black

hole might look like until at last they spotted a match.

Feryal Ozel, an astrophysicist at the University of Arizona and member of the science council for

the EHT, called the result the highlight of her career.

"We are able to image one more object in the universe that at one point people thought could not

be possible," she said. "It hits that human explorer spirit. We got another look into the unknown."

The foundations for this discovery were laid more than 100 years ago, when Albert Einstein

published the equations that defined modern gravitational physics. General relativity, first

described in 1915, explained gravity as a phenomenon created when matter warps the geometry of

space and time. In turn, curved space and time ("spacetime") tells matter how to move.

Months after Einstein produced the equations for general relativity, German physicist Karl

Schwarzschild calculated that if an object is dense enough, it would create a bottomless pit in

spacetime known as a "singularity." Anything within a certain radius of that pit - a region known

as the "event horizon" - would be swallowed by its gravity. A black hole (another name for such a

singularity) consumes clouds of gas and stars that wander too close; not even light can escape.

Einstein found the notion so preposterous that he devoted an entire research paper to debunking

it.

Yet it wasn't long before scientists started seeing proof of black holes' presence everywhere they

looked. Models showed that black holes could form when giant stars died. Searches of the sky

showed the paths of stars being bent by a black hole's tremendous gravity, and telescopes revealed

the brilliant jets of light produced as the superheated material swirling around a black hole is

splashed back into space. In 2016, scientists revealed ripples in spacetime caused by black holes

colliding, the first ever detection of the phenomenon known as gravitational waves.

All the evidence suggested that Einstein was wrong about black holes, and his theory was right.

But seeing is believing, noted Dan Marrone, an astrophysicist at the University of Arizona who sits

on the EHT's science council.

"If we could actually fill in that final hole, show that the universe was working again in a way we

arrived at by reason," he said, "that would be pretty cool."

Sag. A* and M87 were the two most promising targets for such a project. The former is close (in

cosmic terms) and the latter is humongous, giving scientists a decent shot at capturing them.
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Even so, both are so distant they would appear to Earthlings as a doughnut on the moon. To see

them in any kind of detail, scientists would need a telescope as big as the planet. Of course, no

such thing existed.

So in the mid-2000s, scientists began to MacGyver a telescope out of previously existing

infrastructure, linking up instruments around the world to collect scores of observations, each

from a slightly different perspective.

This kind of cosmic triangulation, called "very-long-baseline interferometry," took years to refine.

Some telescopes had to be upgraded to capture the right kinds of light. Researchers needed to

install atomic clocks precise enough to match up their observations down to the microsecond.

Supercomputers had to become orders of magnitude more powerful to process the mountains of

data collected.

Most significant was an improvement in VLBI technology that allowed for observations in

extremely high frequency radio waves. This is the one form of light that can penetrate the hot gas

around a black hole, the vast, dusty expanses of the galaxy, and the atmosphere, carrying an

uninterrupted signal from the event horizon all the way to telescopes on Earth.

"We were inventing the methods by which we make images as we went along," Marrone said.

Finally, in 2017, the EHT was ready for prime time.

Ozel, who helped coordinate the week of observations from the project's makeshift command

center at MIT, recalled the surge of excitement as hundreds of astronomers around the world

prepared for their first night of work.

"There was an element of the unknown," she said. Technical difficulties or bad weather at any of

the eight sites could jettison a whole night of observations. Even if everything went to plan, the

astronomers would be working 16 hours a night gathering data. And it would be months before

anyone knew whether their work had paid off.

To Marrone, who coordinated observations in Arizona and at the South Pole from his office at the

University of Arizona, "exhausting doesn't begin to describe it." He guessed that he slept for only

three hours out of every 24.

After five nights of observing (with one rest day while heavy winds rocked the project's Mexico

telescope), the project had collected 5 billion megabytes of data - the equivalent of 960 hard drives

containing 2 billion high quality photographs.

Somewhere in that vast collection was the image of a black hole. Now the scientists had to find it.

Geoffrey Crew, an astronomer at MIT who helped coordinate the data processing, compared the

effort to discerning a concerto played at a piano that is missing several keys.

"If you only have a couple of notes you don't know what you're listening to," he said. "It's trying to

reconstruct the missing data based on what we know about how music works to create the song."

Four subgroups at four different laboratories around the globe were assigned to develop the image

using four different algorithms. None was allowed to know what the others were doing, as a form

of quality control.
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"If the scientific goal wasn't so attractive and so full of potential, and if we hadn't spent so much

time working toward this goal, I think it probably would have fallen apart," Ozel said. "The science

kept us together."

Read the following claim.

Scientsits are now more certain, than they ever were,
 about the existence of black holes.

What evidence from the article supports this claim? 
Think about what you read about the Event Horizon Telescope, 
EHT, then explain why the details support the claim.

Using your knowledge of Interference, explain why scientists might 
have needed a network of 8 telescopes, instead of a single
telescope to capture this image.
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