
Focus 4.   Current and emerging understanding about time and space has been dependent upon earlier models of the transmission of light

Part A:   Multiple Choice Questions   (select the most correct answers)

1a.   The "ether" 

A. is supposedly a type of frictional material in space that slows space craft down

B. was a model used by early people to help explain some of their observations of the solar system, light and sound

C. was a dark material that nothing could pass through

D. was suggested by Einstein to help explain his theory of special relativity

b.   In the 16th century a popular explanation for the movement of the planets was that the "ether wind" kept them in motion. Therefore it was reasoned 

A. that the speed of light should vary in this wind depending on the direction it was going

B. the speed of light should remain constant because it was like a consistent wax

C. that the planets would eventually stop giving out light because the ether would absorb it all

D. that sound and light should travel at the same speed because they are using the same medium

c.   In the early days it was proposed that the

A. ether was dark and could not be seen through

B. ether was neither a gas, liquid nor solid

C. ether must be solid because it was discovered that light is a transverse wave

D. planets remained motionless while the ether blew past them like a tornado

2a.   Michelson and Morley carried out their famous experiment

A. just after Einstein announced his theory of special relativity

B. in the 1680's

C. in the 1780's

D. in the 1880's

b.   Which of the following statements is incorrect for the Michelson-Morley experiments?

A. The ether's density was finally measured

B. Light showed no variation in speed in the ether

C. Their experiment created great doubt about the presence of the ether

D. They used split light and mirrors in their experiment

c.   Which of the following is a correct statement concerning the Michelson-Morley experiment?

A. Light cannot travel through opaque materials

B. Light moves slowly through some parts of the ether

C. The ether is everywhere because light can travel through transparent objects

D. To measure the motion of light through the ether, they tried to use interference patterns

3a.   Experiments in science

A. are used to test, confirm or discover ideas and theories

B. are designed to only test currently accepted laws

C. are rarely used today because the new electronic sensing systems are faster and safer

D. can only be carried out properly by scientists with higher degrees

b.   An hypothesis

A. is an experiment

B. is a world wide accepted and fully tested type of law

C. is a set of observations by a scientist

D. needs to validated by experimentation

c. The Michelson-Morley experiment

A. confirmed the hypothesis concerning the ether and its properties

B. was used to validate some of the common postulates on space 

C. in trying to validate a theory actually disproved it

D. is a classic example of a "thought experiment" used in this period with very little evidence

4a.   Inertia

A. is a an object accelerating quickly

B. is the property of objects to resist change in motion

C. is the difference between the initial and final velocities

D. makes time slow down

b.   



97 m/s



      A

   B

123 m/s


Two cannon balls are shot off one after the other. As B approaches A, what is the relative velocity of A from B's frame of reference?

A. + 26 m/s

B. - 97 m/s

C. +220 m/s

D. - 26 m/s

c.   An example of a non-inertial frame of reference would be

A. two cars approaching each other in opposite directions at constant velocity

B. two space craft lying parallel to each other at exactly the same velocity

C. a motor bike rider looking a pedestrian as he accelerates away from a set of lights

D. two people standing and looking at each other from across a street

5a.   According to Galileo's ideas on relativity, if a stone was dropped from the top of the mast of a fast moving sailing ship then it would

A. fall on a curve towards the back of the ship

B. fall vertically to the base of the mast

C. fall in a curve towards the front of the ship

D. spiral downwards because of the rotation rate of the Earth

a. Newtonian relativity states that

A. the Earth is moving around the sun

B. a ball falling from a tall building will curve away from the motion of the Earth's spin

C. it is impossible to tell if we are moving with constant velocity or are motionless

D. the speed of light is a constant

b. The general Newtonian principles of relativity state that

A. time can be varied depending on the speed of the object relative to the observer

B. as objects pass each other their length apparently shortens

C. the mass of an object will increase as speed increases

D. the rules of motion are the same for an observer in uniform motion as an observer in a fixed position

6a.  Einstein

A. did most of his work just after Newton

B. set a lot of the ground rules for Newton to develop his laws of motion

C. proposed that the speed of light is a constant

D. that the ether was a good frame of reference for everything else to be compared to

b.   Einstein's special theory of relativity

A. states that the speed of light is dependent on the speed of the source 

B. indicates that mass and time cannot be varied at high speeds

C. states that the speed of light is independent of the source

D. encouraged Newton to develop his now universally accepted laws on motion 

c.   




Mass



Time 



Length

Which of the above can be varied according to Einstein's special theory of relativity?

A. Mass

B. Time and mass

C. Length and time

D. Mass, time and length

30 km/h

7a.   






80 km/h



If a ball is thrown forward at 30 km/h out of a truck moving at 80 km/h, what is the speed of the ball relative to an observer watching from the side of the road?

A. 110 km/h

B. 30 km/h

C. 95 km/h

D. 50 km/h

b.   If a space craft is heading out of the solar system at 0.5 times the speed of light and the captain shines a light in the direction of motion, what will be the speed of the light relative to another space ship floating motionless nearby?

A.    1.5 c

B.   0.5 c

C.   1.0 c

D.    0.75 c

c.   According to Einstein, in measuring the speed of light 

A. space and time must be relative to each other

B. time is independent of length

C. space is always greater than time

D. space cannot be measured at speeds above 0.5 times the speed of light

8a.   Hundreds of years ago, if somebody building a house wanted to check to see if their instrument for measuring length was accurate, they would probably

A. compare it to their neighbours instrument

B. travel to Paris and compare it with a standard rod in a "standards laboratory"

C. compare it to the wavelength of a particular frequency of light

D. phone for details from the local standards laboratory

b.   The standard length for the metre was originally defined as

A. the length of a full arm span of the King of France at the time it was being set up

B. 1/200 th of the height of the Eiffel tower in Paris

C. a fraction of the distance light travels in a vacuum in a set time

D. 1/10,000,000 th of the distance from the north pole to the equator

c.   Today, the current standard for the length of a metre is

A. measured in terms of time

B. a multiple of the vibration rate of blue light in a vacuum

C. a small fraction of the average distance measured by laser from the Earth to the moon

D.   a measure of the amount of length contraction of a standard object at 0.5 times the speed of light

9      A soldier is marched 200 m due east then 200m due south. 

       Start

200 m


  N


           x





      200m





Finish

a. What is his finish position relative to his starting position?

A. 253 m southwest

B. 200 m southeast

C. 312 m southeast

D. 283 m southeast

b. If the soldier in the above example started at 12.55 pm and marched continuously at 50 m per minute, what time would he arrive at the finish?

A. 1.10 pm

B. approximately 1.00 pm

C. 1.03pm

D. 1.15 pm

c. If this soldier was to continue marching non-stop to a point 200 further south, then his four dimensional position would be

A. 447 m to the south east at 1.07 pm

B. 447 m to the north east

C. 400 m directly to the south at 1.07 pm

D. 1.07 pm

10a   





Light


A






B


A and B are occupied by two stationary observers. The light is sitting exactly half way between the two observes and puts out one short flash in all directions. From their frames of reference the

A. light will appear to be different in that they receive different frequencies

B. light will arrive at each observer with a different wavelength

C. light will arrive simultaneously at A and B

D. time of arrival will vary for each observer because of time dilation associated with the speed of light

b.   When two observes moving at different velocities look at an event

A    they will agree on the  simultaneity of the event

A. they will see the event  in the same way

B. they will disagree on the simultaneity of the event

C. the speed of the light from the event will be different for each observer.

c.   If a steady acceleration is applied to an object over a very long time

A. the object will eventually exceed the speed of light

B. the object will become more massive

C. the object will decrease in mass otherwise it cannot reach the speed of light

D. eventually the maximum speed for matter of 0.5 c is reached

11a.   The formula that Einstein determined for equating mass and energy is

A.    c2  =  Em

B. m  =  Ec2
C. m   =   c2/E

D.   c2   =   E/m

b.   A stationary observer watches a very fast space ship zip past at 0.5 times the speed of light. To the observer the

A. space ship will appear to be shorter

B. space ship will appear wider

C. space ship will appear longer

D. time on their watch will slow down briefly

c.   A space ship 200 years from now is loaded up with provisions and sent out into space at 0.95 times the speed of light. It travels away from the Earth for 5 Earth years, stops,  and then returns again at the same speed. What will the Earth bound observers notice about the ship when it returns?

A. The crew are a couple of days younger than equivalent people on Earth

B. The crew are many years older than the equivalent Earth people

C. The clocks on the ship would have stopped for the whole trip

D. The crew are several years younger than their friends on Earth

Part B:   Short Answer Questions
   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when needed

1a.   What was the ether (aether) thought to be? ____________________________________________________________________

b.   Why did light need the ether? ________________________________________________________________________________________________________________________________________

c. Why was the ether model popular in the early days?  _______________________________________________________________________________________________________________________________________________________________________________________________________________

2a.   When did Michelson and Morley carry out their famous experiment?


_______________

b.   What were they trying to achieve? ________________________________________________________________________________________________________________________________________

c.    Briefly describe the Michelson-Morley experiment and what they discovered. ____________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   Why do we carry out experiments? ____________________________________________________________________

b.   What is the scientific method?  ________________________________________________________________________________________________________________________________________

c.   How important was Michelson-Morley's experiment? Explain your answer. ____________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   What is a frame of reference? ____________________________________________________________________

b.   What is a non-inertial frame of reference? ____________________________________________________________________

c.   Outline some features of an inertial frame of reference. ____________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   What is relativity in science? ____________________________________________________________________

b.   Describe one example of Newtonian relativity. ________________________________________________________________________________________________________________________________________

c.   How did Newton view time in his theories on relativity? Explain your answer. ____________________________________________________________________________________________________________________________________________________________________________________________________________

6a.   What is light? ____________________________________________________________________

b.   A space craft is moving at 0.3 times the speed of light. Describe what happens to the speed of the light from a torch flashed in the forward direction. Explain your answer. ________________________________________________________________________________________________________________________________________

c.  What changes are expected on objects as they approach the speed of light considering light is a constant? ____________________________________________________________________________________________________________________________________________________________________________________________________________

7a.   What is the current value of the speed of light? __________________________________

b.   Under what circumstances can the value of the speed of light change? ________________________________________________________________________________________________________________________________________

c.   How can space and time be relative to each other? ____________________________________________________________________________________________________________________________________________________________________________________________________________

8a.   What is a scientific standard? ____________________________________________________________________

b.   What was the metre standard in the earlier days? ________________________________________________________________________________________________________________________________________

c.   Today the standard metre is defined in terms of time. What does this mean? ____________________________________________________________________________________________________________________________________________________________________________________________________________

9a.   Describe a two dimensional situation. ________________________________________________________________________________________________________________________________________

b.   Describe a three dimensional situation. ________________________________________________________________________________________________________________________________________

c.   Describe a four dimensional situation. ____________________________________________________________________________________________________________________________________________________________________________________________________________

10a.   What is simultaneity in relativity? ____________________________________________________________________

b.   



A






B



Two observers are at equal distances from a space craft passing between them, if a light flashes on the craft will they both see it at the same time? Explain your answer. ________________________________________________________________________________________________________________________________________

c.   









0.5 c



A


B

The latest version of the Enterprise zips past two observers on enemy space craft at 0.5 the speed of light. If observer A sees both lights on top of the Enterprise flash exactly at the same time, what will observer B see the lights do? ____________________________________________________________________________________________________________________________________________________________________________________________________________

11a.   What is the formula that Einstein developed to relate mass and energy? _________________________

b.   What happens to the shape of a spacecraft as it approaches the speed of light from the frame of reference of a motionless observer? ________________________________________________________________________________________________________________________________________

c.   Describe how twins could use space travel to make one of them younger than the other.  ____________________________________________________________________________________________________________________________________________________________________________________________________________

Part C:    Compulsory Practicals and Research Activities

   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when needed

1a.   What was the ether model? ____________________________________________________________________

b. What were Michelson and Morley trying to do with their famous experiment? ________________________________________________________________________________________________________________________________________

c.   Outline the basic structure of the Michelson-morley experiment. How successful were they? What effect did it have on current thinking? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2a.   Describe one example of an inertial frame of reference. ________________________________________________________________________________________________________________________________________

b.   Describe two examples of non-inertial frames of reference. 1.______________________________________________________________________________________________________________________________________2.______________________________________________________________________________________________________________________________________

c.   Describe an experiment you have carried out that distinguishes between inertial and non-inertial frames of reference. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   What is the relationship between thought and reality for a scientist working on a research project? ________________________________________________________________________________________________________________________________________

b.   Why do scientists use "thought experiments"?   ________________________________________________________________________________________________________________________________________

c.   Describe one thought experiment you have studied in relativity. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   What does the term observation mean in science? ________________________________________________________________________________________________________________________________________

b.   What is a scientific theory? ________________________________________________________________________________________________________________________________________

c.   How does a theory such as Einstein's Special Relativity eventually become accepted? ____________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   What does the length of a car appear to do as it approaches the speed of light relative to a stationary observer. __________________________________________________________________

b.  What would the length of an alien's space ship appear to be, relative to a stationary observer, as it flew past at 1/2 the speed of light. The rest length is 175 metres.

c.   A meteor zipped past a stationary space ship. What was its original length if the crew measured its apparent length at 835 m and speed relative to them of 1/ 3 the speed of light? 

6a.   What happens to the time on a speeding spacecraft compared to a stationary observer? ____________________________________________________________________

b.   How many hours would have passed on Earth if a spacecraft traveled at ½ the speed of light for 24 hours?

c.   John and Jill are twins and Jill is put on a spacecraft that streaks away from Earth at ¼ the speed of light. If 10 hours passes on earth how much time would have apparently passed on the spacecraft from Earth’s frame of reference?

7a.   What is escape velocity? ____________________________________________________________________

b.   How do space probes reach escape velocity? ________________________________________________________________________________________________________________________________________

c. Discuss the relative energy problems associated with space travel. ____________________________________________________________________________________________________________________________________________________________________________________________________________

Focus 4   Answers

Part A


a
b
c

1.
B
A
C

2.
D
A
D

3.
A
D
C

4.
B
D
C

5.
B
C
D

6.
C
C
D

7.
A
C
A

8.
A
D
A

9.
D
C
A

10.
C
D
B

11.
D
A
D

Part B

1a.   A hypothetical material that that permeates all matter and space.

b.   It was thought in the early days that light (like sound) needed a medium to travel in between say the Earth and the Sun.

c.   The ether model helped explain observations at the time ie light needing a medium of propagation, the planet’s continued movement.

2a.   1887 in the USA

b.   They wanted to measure the relative velocity of the Earth compared to the ether.

c.   They split a beam of light and compared those readings to the ones when the apparatus was rotated 900. There was no difference, so in a sense they disproved what they were trying to measure.

3a.   Experiments help confirm findings and make discoveries.

b.   The scientific method is a well developed cycle of :  observation….hypothesis….experimental tests….confirmation or change of hypothesis

c.   It was crucial because it quantitatively displayed that maybe the ether does not exist and this opened up a whole new field of research with Einstein eventually producing his theory.

4a.   A frame of reference is a set of coordinates or objects that we can measure things against.

b.   Non-inertial frames are subject to acceleration.

c.   Some features:   

1. Based on being stationary or moving with uniform velocity

2. Newtonian laws work within these frames

3. Non accelerating

5a.   To compare objects or measurements.

b.   Two observers in separate cars travelling at different constant velocities will see the same acceleration in a motor bike passing them.

c.   Newton viewed time as unchanging, that is independent of the motion of objects. He saw space as being unrelated to time

6a.   Light is a small section of the electromagnetic spectrum. It travels at approximately 3 x 108 m/s in a vacuum.

b.   The speed will remain constant but the frequency will decrease (blue shift), The speed of light is constant and independent of the speed of the source or observer.

c.   The length of the speeding object shortens, time slows down and it becomes more massive.

7a.   Approximately 3 x 108 m/s

b.   It does not change.

c.   Since the speed of light is measured in distance traveled per unit of time and it is a constant, then the values of length (space) must vary with time in the formula c  =  s/t

8a.   A standard is a reference to measure off or compare to. They keep measurements consistent.

b.   The metre was defined as 1/10 millionth of the distance from the north pole to the equator. The measure was kept as a special metallic rod in France.

c.   This is because the metre is now defined as the distance light can travel in a vacuum in 1/299 729 458 of a second. Hence length is measured in time!!

9a.   Drawing a carton on a flat piece of paper. Identifying a spot on a map.

b.   Maneuvering a space ship in space. The trajectory of a golf ball in wind.

c.   Stating the position of a bullet part way along its trajectory at a particular time.

10a.   Simultaneity is the observation of the same event by multiple observes.

b.   They will both see it at the same time because of the fact that the speed of light is constant and independent of the observer.

c.   B will not see the lights synchronised because there is a slight delay due to the speed of light.

11a.   E  =  mc2
b.   The spacecraft appears to shorten in the direction of motion.

c.   Put one of the twins into a hypothetical spacecraft that can travel near the speed of light. When that twin returns it will be younger than the one that remained on Earth.

Part C

1a.   The model suggested that the universe was impregnated with an indetectable material called the ether. This explained a range of observations at that time.

b.   They were trying to work out the relative velocity between the Earth and the ether. No difference was found.

c.   Basically the experiment was set up to split a beam of pure light with one beam in line with the ether and the other across the ether. The two beams were then put back together again to check interference patterns. Then, the whole apparatus was turned 900 to compare the patterns in a different direction. There was no difference and it therefore disproved the highly accepted ether model. New avenues of research began in earnest to explain all this.

2a.   Two observers in separate cars moving at constant velocity watching a pedestrian on the side of the road.

b.   1.   An observer in an accelerating car watching stationary buildings.

2. A lunar-lander pilot decelerating on the way down to the moon’s surface.

c.   Inertial will involve constant velocity or motionless frames of reference. The non-inertial will involve acceleration. Eg. tilted and non-tilted air tables, cars in motion etc.

3a.   Thought is simply ideas or imagined situations to help explain observations. Often the thoughts can be tested with real experiments to validate or disprove.

b.   Thought experiments are often the only way or the fastest way to logically explain observations.

c.   There is a range of thought experiments from simple situations involving moving cars and observers to bizarre applications of Einstein’s theory at speeds close to the speed of light.

4a.   Observation is the watching and collection of data or information in an unbiased, non judgmental manner.

b.   A theory is a workable model to explain observations. It can be a real object or a bunch of related ideas.

c.   The theory was originally a group of ideas to explain observations. It also allowed for the prediction of certain events such as time dilation and length shrinkage at high speeds. A theory becomes accepted as the predictions become true later.

5a.   It appears to shorten.

b.    l  =  151 m long

c.   l0  =  886 m long

6a.   Time becomes slower.

b. t  =  27.7 hours have passed on Earth

c. t0  =  9.68 hours


Therefore , time on the spacecraft is 0.32 hours slower per 10 hours on Earth

7a.   This is the velocity needed to leave the gravitational field of an object like the Earth

b.   Earth based spacecraft reach escape velocity by using multistage rocket technology.

c.   The main problem is, current rocket technology is barely able to get small probes to escape velocity from the Earth. In the future, different means of propulsion will be needed especially for manned long space flights.
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