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Chapter 2.1-2.4: Linear Motion 1

Text:

Chapter 2.1-2.4

Think and Explain: 1-3
Think and Solve: ---

Vocabulary:
distance, time, constant speed, constant velocity, average, instantaneous, magnitude, vector, scalar,
acceleration

Equations:
_d Ve—V;
t t

Conversions :
1 km =1000 m 1 m=100cm 1hr=3600s

Key Objectives:

Concepts

Define and correctly use the terms listed above.

State the units of distance, time, speed (velocity), and acceleration.

Determine what quantity is represented by the slope of a position vs. time graph.
Determine what quantity is represented by the slope of a velocity vs. time graph.
Distinguish between constant speed, constant velocity and constant acceleration.
Recognize and be able to sketch the position vs. time and velocity vs. time graphs for an object
that changes direction.

Given a position vs. time graph, determine the velocity from the slope of the graph.

Given a velocity vs. time graph, determine the acceleration from the slope of the graph.
Given a straight line graph, be able to correctly write the equation of the line with correct
variables and units
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Problem Solving

O Recognize what equation to use in a word problem.
O Correctly use each of the equations listed above.

O Convert between meters, km and cm.

O Convert between hours, minutes and seconds.
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Lab 2-1: Constant Speed

Purpose: 1. To define the phrase constant speed.
2. To accurately measure the speed of a toy car and then make predictions

Materials: 1 car 1 stopwatch 1 meter stick  tape
Procedure:
1. However you like, determine the speed of your car. Keepin mindt hat how well you
determine this number will affect your grade. We strongly suggest you do multiple

trials and average results. Record your data and show your calculations in the space
provided below.

2. When you have cal culated the speed of your car, see your teacher . At the front of the
room are two tape marks on the floor a set distance apart - ask your teacher for this
distance. Then calculate the time it will take your car to travel that distance. Show
your work in the space provided below.

3. When you have calculated the time to travel the given distance, see your teacher for
the final test and hand in your lab sheet (just one per group - make sure all names
are on it.) When told to, p lace your car at the start line (wheels on the line) and your
teacher will then time how long it takes your car to travel the set distance. Your
grade is based on how close your calculated time comes to the actual time.

Part 1: Determine the speed of your car.
Data:

The speed of our car is m/s.
Part 2 : Determine the time to travel the distance given.
Calculations:
Distance To Travel: m

Our calculated time is S.

The actual time is S.
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Constant Speed Problems

1. Mr. Bradford walks around a 400 meter track in 5 minutes.
a. What is his speed in m/s?

b. Ifhe continues with the same speed, how long will it take him to complete four laps?

c. How long will it take Mr. Bradford to walk one kilometer at this pace?

2. A car travels with a constant speed of 30 m/s for 1/2 hour. How far does it travel?

3. A hiker travels for 40 minutes with a constant speed of 1.25 m/s.
a. What distance does he cover during this time?

b. If the hiker walked twice as fast, how long would it take him to walk the same distance?

4. Liam stands at the rim of the Grand Canyon and yodels down to the bottom. He hears his yodel
echo back from the canyon floor 5.20 s later. Assume that the speed of sound is 340 m/s. How
deep is the canyon at this location?

5. Imagine you have a constant speed and that you travel 100 meters in some amount of time.
a. Ifyou traveled for twice as long, how far would you travel?

b. Ifyou traveled four times as long, how far would you travel?
c. What if you only travled for half the time - how far would go?
6. Imagine you have to travel a certain fixed distance and that it took you 30 minutes to go that
distance with a certain constant speed.
a. If you went twice as fast, how long would it take?

b. If you went with 1/3 of the speed, how long would it take?

c. Ifyou went 2.5 times as fast, how long would it take?

Answers: 1. a) 1.33 m/s b) 20 minutes c) 750 seconds 2) 54,000 m 3. a) 3000 m b) 20 min
4)884m 5.a)200m  b)400m c)50m 6. a) 15 min b) 90 min c) 12 min
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Pre-Lab 2-2: Motion Detectors

Purpose: To learn how to use Logger Pro and the motion detectors in lab.

Materials: 1 small block 1 meter stick 1 motion detector
Procedure:
1. Make sure the motion detector is plugged into the "DIG 1" port on the Lab Quest. (It

is on the side of the Lab Quest, under a flappy cover.) Make sure the Lab Quest is
plugged into an outlet AND that it is plugged into the computer with a USB cable.
This is the last time we will ever point out these things in a lab - so please, in the
future if something doesn't seem to be working, make sure everything is plugged in.
Start up Logger Pro. When you want to take data, click on the green button marked
"Collect" in the upper right corner of the window. Click it a few times to see what
happens.

Set up the motion detector and meter stick on the lab table as shown below. Make
sure that the switch on the motion detector is set to the cart and not the ball.

motion
detector

—\[__L__ meter stick

lab table

block

Place the block 1 meter away from the motion detector. Hit "Collect" and then slowly
move the block towards the motion detector. Stop occasionally to compare the
distance shown by Logger Pro and the actual distance using the meter stick. They
should be pretty close up until a certain distance.

A. What is the closest an object can be to the motion detector for Logger Pro to
accurately measure its position?

B. What does Logger Pro say the distance is if you put the block right next to the
motion detector?

block
i |:| TOP VIEW

O water bottle

Now place the block 30 cm in front of the motion detector, and put a water bottle

about 60 cm away, but not quite in front of the motion detector. Hit "Collect" and
then slowly move the block backwards, comparing the Logger Pro distance to the

meter stick.

C. What does Logger Pro do after the block has is farther than the water bottle?
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Lab 2-2: Constant Velocity

Purpose: 1. To learn how to use Logger Pro and the motion detectors in lab.

2. To define the term velocity.
3. To differentiate between speed and velocity.

Materials: 1 car 1 motion detector

Procedure:

1.

Start up Logger Pro and open the file "02_Cart.cmbl" which is in the folder called
"Physics with Vernier."

Set up the motion detector on the lab table as shown below. Make sure that the
switch on the motion detector is set to the cart and not the ball. Place the car so that
it can drive away from the motion detector. Don't turn on the car yet.

~ !

| “Jab table

Make sure someone is ready to catch the car if it goes off the edge of the table. Click
on the "Collect" button to start recording data. Once you hear the motion detector
making noise, turn on the car. Don't let it fall off the table.

Assuming the car was lined up with the motion detector, you should have two
relatively nice graphs on your screen that look similar to the graphs below.

Cart

U]

Position (m)

Time (s)

TN

Velocity (m/s)
o

Time (s)

o On the graphs shown above, circle or label the portions where the car was moving
with a constant speed.

We will use the motion detectors a lot in this class, and we will always be measuring
a slope of a graph. There will ALWAYS be a lot of "extra stuff" in the graphs made
by Logger Pro that we will ignore. We will often simply ask you to sketch the
appropriate part of the graphs into your lab. For this lab, in your data section,
sketch (including labels and units) the graphs of position vs time and velocity vs time
while the car was moving with a constant speed.

On YOUR position vs time graph, determine the slope of the line while the car was

moving with a constant speed by highlighting the middle half of that region of the
graph. Then click on the button labeled "Linear Fit". Write down the slope of the

side 1
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NAME:

Lab 2-2: Constant Velocity

line, including units next to the sketch you made in the data table. When a graph is
horizontal, don't bother doing a linear fit - just call the slope zero.

7. We will NEVER use the y-intercept calculated by Logger Pro when using the motion
detectors. They will ALWAYS be nonsense because a time of zero will always be way
before the part of the graph we care about. However, you should think about what
the intercept should be, if we imagine time starting when we care about the data.

8. Repeat the above to find the graphs of position and velocity vs time when the car is
going with a constant speed, but heading towards the motion detector. (i.e. start the

car at the other end of the table.)

Data:

Car moving away from the motion detector:

slope =

intercept =

Car moving towards the motion detector:

slope =

intercept =

Questions:

1. What are the definitions of speed and velocity?

2. Compare and contrast the two position graphs.

3. Compare and contrast the two velocity graphs.

slope =

intercept =

slope =

intercept =

4. You have used these cars before. You know they travel with a constant speed. How do

these graphs show that constant speed?

5. How does speed relate to velocity?

side 2
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Average Speed Problems

Concepts
A. What is meant by the term instantaneous speed? How about instantaneous velocity?

B. Use the word instantaneous to explain what is meant by the terms constant speed and constant
velocity.

C. Define the phrase average speed - give a words definition and a math definition.

D. Ifall you know is how far something traveled and how long it took, which of the following could
you calculate?
average speed constant speed instantaneous speed

E. Ifall you know is the average speed of something and the time it moved, which of the following
can you calculate?
distance traveled constant speed instantaneous speed

F. If all you know is the constant speed of something and the time it moved, which of the following
can you calculate?
distance traveled average speed instantaneous speed

Problems
1. Let's say you move from Point A to Point B with a constant speed of 15 m/s for 10 seconds.
a. How far did you travel?

b. Could you have sped up or slowed down at any point during the 10 seconds?

c. How fast were going at the 3 second mark? How about the 5 second mark?

d. What was your average speed for the entire 10 seconds?

2. Now let's say you move from Point A to Point B with an average speed of 15 m/s for 10 seconds.
a. How far did you travel?

b. Could you have sped up or slowed down at any point during the 10 seconds?

c. How fast were going at the 3 second mark? How about the 5 second mark?
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Average Speed Problems

3. You travel to Concord (10 km away) in 45 minutes, through a lot of traffic. What was your
average speed for the trip in m/s?

4. Imagine you walked 10 meters in 15 seconds, then another 10 meters in only 5 seconds.
a. What was your average speed for the first 10 meters?

b. What was your average speed for the second 10 meters?

c. What was your average speed for the whole 20 meters?

5. You walk 200 m down a hallway at 1.2 m/s and then run another 200 m at 2.5 m/s.
a. How many seconds does it take you to travel the entire 400 m?

b. What was your average speed for this entire trip?

6. You drive down the highway at 30 m/s for 20 minutes and then drive for an additional 10 km at a
speed of 15 m/s.
a. What was the total distance you traveled?

b. What was the total time you traveled?

c. What was your average speed for the entire trip?

Answers: 1. a) 150 m b)no c)both15m/s d)15m/s 2.a)150m b) sure!
c¢) can't tell either 3) 3.7m/s 4. a) 0.67 m/s b) 2.0 m/s c) 1.0 m/s 5.a) 247 s
b) 1.62 m/s 6. a) 46 km b) 1867 s c) 24.6 m/s
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Velocity Concepts

Concepts
1. What is the difference between velocity and speed?

2. Can two different objects have the same speed, but different velocities? Explain.
3. Can two different objects have the same velocities, but different speeds? Explain.
4. Can you have a constant speed, but not a constant velocity? Explain.

5. Can you have a constant velocity, but not a constant speed? Explain.

6. Car A moves 20 meters every 2 seconds while Car B moves 40 meters every 4 seconds. Which
car is faster? Support your answer.

7. Person A travels 40 meters every 20 seconds while Person B travels 60 meters every 40 seconds.
Which person is faster? Support your answer.

8. 1If all you are told is an object's velocity, can you figure out its speed?
9. Ifall you are told is an object's speed, can you figure out its velocity?

Problems
10. a. Bob moved 50 meters to the right in 100 seconds. What was his average velocity? What
about average speed?

b. Bill moved 40 meters to the left in 80 seconds. What was his average velocity? What about
average speed?

c.
11. Which of the following distance vs time graphs shows a constant positive velocity?

d d| d‘ d‘ d‘ ,
T T T T
d.

a. b. C.

e.
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Velocity Concepts

d

12. Based on the position vs time graphs to the right: LA

a. Which of the graphs would be going the fastest? ;

B
b. Which two graphs have the same speed? /C/
c¢. Which graph shows a zero velocity? 7
t

13. Based on the position vs time graphs to the right: d

a. Which of the graphs would be going the fastest?

b. Which of the graphs have the same speed? (Why not the same

velocity?)

c¢.  Which of the graphs is moving backwards?

14. Based on the position vs time graphs to the right: d

a. Which of the graphs have a constant velocity?
b. Which of the graphs show something moving backwards?

c¢.  Which graph shows a zero velocity?

d. What is happening in curve B?

o
>
!—"U ~—
o ‘o w >

e. What is happening in curve D?

15. There are three different motions in the graph below. For each motion, calculate the velocity.
60

A
40 |-
d B
(m
20
D C
1T 1 1T 11
4 8 12 16
t(s)
A) B) C)
Answers: 10. a) both 1/2 m/s b) v=-12m/s & speedis +1/2m/s11) a 12.a) D b) B&C
c) A 13.a) D b) A&C c) C&D 14.a) C b) none c) A

d) slowing down e) speedingup 15.a) 3.75m/s b) 1.25m/s c) —10 m/s
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Lab 2-3: Constant Acceleration

Purpose: 1. To define the term acceleration.
2. To examine the motion graphs for an object that is speeding up.
3. To examine the motion graphs for an object that is slowing down.

Materials: 1 track 1 pulley 1 hanger 1 string 1 motion cart
Procedure & Data:

1. Start up Logger Pro and open the file "02_Cart.cmbl".
2. Set up the equipment as shown below.

u SN

lab table i |

hanger

3. Hold the cart in place, hit "Collect" and once you hear the motion detector making
noise, release the cart. Please don't let it slam into the end of the track or pulley.

4. Sketch the resulting position and velocity graphs below. ONLY SKETCH THE

PARTS THAT SHOW THE CART SPEEDING UP. Sorry for yelling, but expect a lot
of sarcasm if you attempt to copy the entire graph from Logger Pro.

slope =

5. Determine the slope of the straight part of the velocity graph while the cart was
speeding up. Record the slope above.

6. Remove the pulley from the track and remove the string from the cart. Raise one end

of the track by placing a couple books under it, or use a special clamp and stand,
which you will have to ask your teacher about.

| S—

lab table

Hit the "Collect" button, and when you hear the motion detector, give the cart a
slight push up the ramp. It should get close to the end - but don't let it hit the end of
the track and don't let it slam into the motion detector.

8. Determine the slope of the straight part of the velocity graph while the cart went up
and down the track. Now sketch both graphs in the space on the other side and
record the slope. Only sketch the parts after the cart left your hand and before you
stopped it

side 1
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Lab 2-3: Constant Acceleration

slope =
Questions:
1. From both trials, how can you tell that the positions vs time graphs were not constant
velocity?

2. From both trials, how can you tell that the velocity vs time graphs were not constant
velocity?

3. Recall that velocity is the slope of position, and tells you the rate at which your position
changes. What does the slope of a velocity graphs tell you? What do we call that?

For the first trial with the cart just speeding up
4. How do the graphs show you that the object is speeding up?

5. What was the acceleration of the cart while being pulled across the table?

For the second trial with the cart going up and down a small hill
6. On both graphs, show where the car was slowing down and where it was speeding up.

7. What was the velocity of the cart at its maximum height? How you can tell from both
graphs?

8. Compare the acceleration of the cart while it was slowing down to the acceleration while
it was speeding up. What were they?

9. What was the acceleration of the cart at its maximum height?

10. What is the definition of acceleration?

side 2
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Acceleration Concept Sheet

To help get a better understanding of the difference between speed and acceleration, let’s
imagine taking a snapshot of where an object is once every single second for several seconds. For
this sheet, let’s also keep things a little straightforward and always say that the pictures show
things moving to the right, and never going backwards.

Questions 1 to 5 refer to the following picture.

O O O O O O O O

| L
Start
1. What is true about the distance between each position?
2. What is true about the average speed between each position?

3. Sketch what it would look like if it was going twice as fast:

5. If an object has a constant speed what is happening? (In other words, what is meant by the
phrase “constant speed?”

Questions 6 to 7 refer to the following picture. Something very important is different.

OO0 O O O O O

Start

6. What is true about the distance between each position?

7. What is true about the average speed between each position?

8. Was this speeding up or slowing down. How do you know?

side 1
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Acceleration Concept Sheet

Questions 9 to 11 refer to the following picture.

O O @) O O

| L
Start

O O

9. What is true about the distance between each position?
10. What is true about the average speed between each position?
11. Was this speeding up or slowing down. How do you know?

Questions 12 to 14 refer to the following picture.

OO0 O O O O O

rFrrrrr 1t @t 1 1typypint 1T 17T 1T 1§17 1T 17 1T 71
Start

O O

12. What is true about the distance between each position?

13. What is true about the average speed between each position?

14. Was this speeding up or slowing down (Be careful!) How do you know?
15. Where was it going the fastest? How about the slowest?

Questions 16 to 20 refer to the graph shown to the right.

16. Describe the motion shown by the graph.
60 —-=--—---r---n

17. Each second, how much faster is the object moving? v
(km/h)

18. What is the slope of the graph?

19. What is the acceleration of the object?

20. What could the object be?

side 2
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Acceleration Problems

Basic Concepts
1. What is meant by the term acceleration?

2. What is the mathematical definition of acceleration?

3. What are three ways you can accelerate?

4. Ifyou have an acceleration of 0, what must you be doing?

Problems
1. Ifyou are driving along and the speedometer always reads 20 mph, could you be accelerating?
Explain.

2. What must be happening to your velocity for you to be experiencing a constant acceleration?

3. If a cheetah can maintain a constant velocity of 25 m/s, what is the cheetah’s acceleration?

4. A car initially at rest speeds up by 3.0 m/s every second for 15 seconds.

a. What is the acceleration of the car?

b. What will be the car’s final velocity at the end of the 15 seconds?

5. A caris traveling at 11 m/s. If it slows down at the rate of 2 m/s every second, how fast will it be
going after 3.0 s?

6. Jack accelerates his car from 50 km/hr to 65 km/hr in 5 seconds. Sue accelerates her car from
rest to 15 km/hr in the same time. Which one undergoes the greatest acceleration? Explain.
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Acceleration Problems

7.

10.

11.

12.

Monica is walking to her hairdresser at 1.3 m/s when she glances at her watch and realizes that
she is going to be late for her appointment. Monica gradually quickens her pace at a rate of 0.09
m/s?. What is Monica’s speed after 10 seconds? Is Monica walking, jogging or running very fast?

A police car is driving at 25 m/s for 60 seconds when a stolen car flies by it. To catch it, the police
speeds up to 45 m/s in only 2.5 seconds. What was the acceleration of the police car?

Starting from rest, you speed up on your bike with a constant rate of 0.8 m/s/s.
a. How long will it take you to reach a speed of 4 m/s?

b. How fast will you be going after 12 seconds?

A plane is flying at 300 m/s. It slows down at a rate of 2.5 m/s/s.
a. How fast is it going after 20 seconds?

b. How long will it take to reach a speed of 180 m/s?

A car has an initial speed of 20 km/h and undergoes a constant acceleration of 4 km/h/s.
a. How fast is it going after 3 seconds?

b. How much total time would it take to reach a speed of 80 km/h?

Sketch position vs. time and velocity vs. time graphs that would show someone speeding up.
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Position and Velocity Graphing Practice

Position versus Time
Graph the following data on the grid below and answer the problems at the bottom of the page.
SHOW YOUR WORK! Remember to correctly label each axis and title your graph.

Time Position

(s) (m)

0

3.5

7

10.5

14

17.5

21

24.5

28

31.5

35

38.5

42

455
49
52.5

N R PO ©ONOOBRWN 2O

(1) Based on your graph, would you say that the velocity of this object is constant? Why or why
not?

(2) Calculate the average velocity for this motion.

(3) What is the instantaneous velocity at 6 seconds?

(4) How long would it take for the object to travel 75 m?

(6) How far would the object travel in 30 s?

(6) How would the shape of your graph vary if the velocity was changing, not constant?

Side 1
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Position and Velocity Graphing Practice

Velocity versus Time
Plot the following data on the graph and answer the questions below. SHOW YOUR WORK.
Remember to correctly label and title your graph.

Time Velocity
(s) (m/s)
0 0
2 10
4 20
6 30
8 40
10 50
12 60
14 70
16 80
18 90
20 100

(1) According to your graph, is velocity constant? Why or why not?

(2) What does the slope of the line in your plot represent?

(3) Calculate the slope of your plot.

(4) Assuming that the acceleration is constant, what would the velocity of the object be at 25
seconds?

(5) At what time would the object reach a speed of 120 m/s?

(6) What would the shape of the graph be if a speed of 50 m/s was constant from 10 s to 20 s?

(7) How would the shape of your graph above change if the velocity of the object decreased from
100 m/s at 0 s to 50 m/s at 10 s

Side 2
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Velocity & Acceleration

1. Velocity tells you how quickly changes and is the slope of a Vs
time graph.
2. Acceleration tells you how quickly changes and is the slope of a

vs time graph.

3. From the list of units below, circle all that are velocity and underline all that are acceleration.
m m/s kg/m cm/s km/h/s m/s? mph s/m m/s/s m%s s kg
kg/s kgem/s” sm  mile/min km/yr kph  mph/s

4. Which of the following graphs could show something that has a constant velocity?

d v | d ‘t v p v ‘ i
t t t
a. t b. c. t d. e.

5. Which of the following graphs could show something that has a constant acceleration?

v V| d‘ j d‘ { v‘
t t t
a. b. c. t d. te.

6. There are three terms that often get confused: constant speed, constant velocity and constant
acceleration. Explsin what each means so that one of your confused friends could understand.

7. What is your speed for each of the following situations?
a. You travel 100 miles in 2 hours.

b. You move 3 meters every second for 5 seconds.

¢. You stand still 10 meters away from your friend for 20 seconds.

d. Starting 5 meters away from a friend, you end up 20 meters away from them after 3 seconds.
8. What is your acceleration for each of the following situations?

a. You are speeding up at a constant rate of 3 m/s/s.

b. You have a constant speed of 30 mph for 5 seconds.

¢. You slow down 15 mph in 3 seconds.

d. You speed up from 5 m/s to 25 m/s in 8 seconds.

e. You have a constant velocity of 12 m/s for 4 seconds.

f.  You speed up 8 m/s every second for 2 seconds.
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Velocity & Acceleration
write the equation (using correct variables and units) that matches the line

describe the motion using words
make the other graph (velocity or position) that goes with the motion.

calculate the slope of the line

For each of the graphs shown below, do the following:

ABRHS PHysics (CP)

20

10

roTTOTTIm T roTTOTTIm T roTTOTTIm T roTTOTTIm T
I I I I I I I I I I I I I I I I
F—t—d——-- F—t—d——-- F—t—d——-- F—t—d——--
I I I I I I I I I I I I I I I I
Ll _l__ Ll _l__ Ll _l__ Ll _l__
I I I I I I I I I I I I I I I I
(I O O (I O O (I O O (I O O
i I i I i I i I i I i I i I i I
I I I I I I I I I I I I I I I I
reTTOT I reTTOT I reTTOT I reTTOT I
I I I I I I I I I I I I I I I I
F—t—d——-- F—t—d——-- F—t—d——-- F—t—d——--
I I I I I I I I I I I I I I I I
L l l l L l l l L l l l L l l l
-~ -~ -~ -~
N ) ) )
,~— ,~— o~ o~
e __ .« e __ .« e __ L
T-1 I - T-1 I - r 7 I N r-TT7
I I I I I I I I I I I I I I
e N e e e N e e F—F—-d-=-- F—+—-a—-fI--
I I I I I I I I I I I
[ N [ N [ R D E L_ 1 -
I I I I I I I I I I I I I
I I I I I I I I I N I I
i I I © i I I © i i I — i I
I I I I I I I I I I I I I
F—T—-N—— F—T—-N—— r=f-- "I~ r—to--iI— -
I I I I I I I I I I I
ks R ks R F—F—-d-=-- F—+fA4-—---
I I I I I I I I I I I I |
L l l l L l l l L l l L l l
o To) o () < o\ o\ ©
Te} (aV] [e\] ~— —
-~ -~
s £ s 2 s 2 s €
< S S <
N— N—
o — N
— — —



