


Nuclear Binding Energy

Student TI-Nspire™ File: nuclearbinding.tns

PDEG AUTO REAL ] PDEG AUTO REAL m
| The nuclei of atoms are composed of protons
NUCLEAR EINDING ENERGIES and neutrons. The next page illustrates the

farmation of a helium-4 nucleus from two
neutrons and two protons. MNotice the relative
Physics masses of the nucleons (protons and
Muclear Physics neutrons) and the He—4 nucleus.
Figure 14 Figure 15
Figure 16 Figure 17
Figure 18 Figure 19
Figure 20 Figure 21
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SIS 1.0 PDEG AUTO REAL ]
[
81 gy = 1.06054E-27 kg Dane
B = 2.99792568 — Done
5
©1 MeV = 1.60218e-13 J Daone
=
/99
Figure 22
S SfeY 1.11 P DEG AuTO REAL i

hhe energy released in the formation of nuclei
from protons and neutrons is known as the
nuclear binding energy. Itis due to the strong
nuclear force hetween protons and neutrons
that are within 1071 m.

Figure 24

@PDEG AUTO REAL B

b. What is the mass number of F-197
7. How many neutrons are in F-197

8. Write an equation for the number of
neutrons in terms of A and Z.

Figure 26

A7 |"H-1"

Figure 28

4 1.10|PDEG AUTO REAL

|£1.. What is the energy equivalent in hek' of 1
amu’?

5. The amount of energy released in the
formation of a He—4 nucleus is 28.3 million

electron wolts (WMeW). How does 28.3 Meb/
relate to the mass loss?

Figure 23

Z = atomic humber = number of protons

A = mass number = number of neutrons +
protons

Figure 25

W’DEG AUTO REAL B

|The followving page contains a representative
list of 81 of the 266 stable (non-radioactive)
nuclei. Enter an equation in column O for

calculating the number of neutrons for each
nucleus in the table.

Figure 27

[BEEEEA 25 PoEG AUTO REAL i

|On page 2.6 plot the number of neutrons vs.
number of protons (neutrons vs. atno).
Then uze the movable line tool to find the
slope of the graph in two regions:

(1) light nuclei £ < 20
(2) heawy nuclei Z = 60

Figure 29

T? PROFESSIONAL DEVELOPMENT SERVICES FROM TEXAS INSTRUMENTS

EXPLORING HIGH SCHOOL PHYSICS WITH TI-NSPIRE™ TECHNOLOGY

© 2008 TEXAS INSTRUMENTS INCORPORATED



177

Nuclear Binding Energy

WPDEG AUTO REAL E

Click to add wariable k
L]
o @ 8 o & @

C”CH add wariable

Lo

Click to add wariahle

:ﬁﬁPDEG AUTO REAL E

|9. For the stable nuclei, what can you say
about the ratio of neutrons to protons as Z
increases?

10. Explain this trend by taking account of the
strong nuclear force and the electric force,

Figure 30

Figure 31

[BEE8EA 5.1 PoEG AuTO REAL i

|'|'he spreadsheet on the next page lists the
nuclear masses for a number of nuclei. This
listincludes some radicactive nuclei with 2 >
83. In column F write an equation to calculate
the mass loss of each nucleus in the table,
Recall the mass loss of He—4 is 0.0304 amu.
In column S write an equation for binding
energy in Mev, Recall 1 amu = 931.49 Mey/,

s
mas
1 1 0| 1.00723
a0 2| 2| 40015
7l 3] 4| 7.01435
ol 4] 5| 9.00098
11 5| 6 110086 o
i
Figure 33

Figure 32
EFETE2] = PoeG AuTO REAL B
o
& ngoo ogo o © @ °
] © o o %9 2
= o @ [+] (9 o
& @ o
o @
= o &% @ @
@ o o 2 @ g
g < & K ° e
[ ]
il Peo o e e  ©
5 @ o OO L2} o Pe) OO c?
=3
© o o
o
00” o o® 2
Click to add wariahle

:ﬁmmm AUTO REAL 7]

11. Make a general staterment about the
relationship between binding energy and
mass number.

12, Anucleonis a proton or neutron.
What is the relationship between number
of nucleons and mass number?

Figure 34
[+]
& oo ogo o © © o
o © =) o % 2
= o © o & o
= o o
]
3 o &% o o ©
b @ o [~ o
2| & ® o e
ﬁ O hid e o © (] o =]
5 P oo, o o o %o c?
© @ a
0o® ) o °
Click to add wariahle

Figure 36

Figure 35

{[E5]E]E5] =5 PDEG AUTO REAL i

|‘l3. Which nucleus has the greatest
binding energy per nucleon?

14, Which light nucleus has an unusually
high binding energy per nucleon?

Figure 37
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[EA|E5] 58] =7 PoeG AuTO ReAL m

15. Make a general staterment about the
relationship between binding energy per
nucleon and mass number for light nuclei.

16. Make a general staterment about the
relationship between binding energy per
nucleon and mass number for heawy
nucle.

Figure 38

3.9 [PDEG AUTO REAL i

1 235U . 140

GH+ 1

93
a2 ngBa + 3 Frt 3gm

2349934 139.8799 92.9115 amm

17. 13 mass gained or lostin the U-235
fission reaction? (Hint: The mass of 3
neutron is 1.00866 armu.)

Figure 40

DEG AUTO REAL m

1 2
lH + lH - zHe

1.007276  2.01355  3.01493 g

20. 15 mass gained or lostin the He-3
fusion reaction?

Figure 42

1 2.13| DEG AUTO REAL i

23. Would energy be released in the
fusion of heawy nuclei? Explain your
answer.

Figure 44

R e [ oec o e

The graph on page 3.5 provides a basis
for understanding why fission (splitting
nuclei] releases energy for heawy nuclei
and why fusion (joining nuclei) releases
energy for light nuclei.

Figure 39

L] 2.10|PDEG AUTO REAL i

18.What is the change in mass and
ensrgy in Mey for the LU-235 fission
reaction?

19. Is energy absorbed or released in the
fission reaction?

Figure 41

1 2.12[PDEG AUTO REAL E

21, What is|the change in mass and

energy in Mey for the fusion reaction of
He-37

22. 15 energy absorbed or released in the
fusion reaction?

Figure 43

T? PROFESSIONAL DEVELOPMENT SERVICES FROM TEXAS INSTRUMENTS

EXPLORING HIGH SCHOOL PHYSICS WITH TI-NSPIRE™ TECHNOLOGY

© 2008 TEXAS INSTRUMENTS INCORPORATED




179

Projectile Trajectory Scenarios

Projectile Trajectory Name

Scenarios
Student Worksheet

Class

Note: Sections of this document are numbered to correspond to the pages in the TI-Nspire™

.tns document “ProjectileTrajectory.tns.”

1.1 Trajectories and Velocity Components

What determines the trajectory of a projectile? What happens to its motion during its flight?
We can investigate the basics of projectile motion using vectors and parametric equations to

define and describe the motion.

A projectile may be traveling both horizontally and vertically at the same time. These two
simultaneous motions can be combined with vectors and described separately with a set of

parametric equations.

Let's begin by looking a simple projectile launched upwards from "ground level" across a

horizontal surface, starting with the initial velocity vectors.

1.2

The path of a projectile depends on the initial velocity vector. This initial velocity can have
different magnitudes and direction. This causes the x (or horizontal) and the y (or vertical)

components to change.

1. On the next page, drag the tip of the initial velocity vector, and note how the launch angle

and the components Vx and Vy change.

1.3
< YDEG AUTO REAL i
Vimitial = 152
Vimtial V= 7.4
Vy= 131
Launch angle = a0
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1.4

A projectile trajectory determined by the initial velocity is shown on page 1.4.

2. Drag the tip of the initial velocity, and note how the trajectory changes.

3. Press ® @ for Menu 5: Trace, 1: Graph Trace.

4. Move the trace point along the graph to see the x (horizontal distance), the y (vertical
distance), and the t (time of flight) for each point on the trajectory.

o Clicking will lock a trace point, giving the x- and y-coordinates of that point.

15
2SI 15 PoEG AUTO REAL i

Vimtial = 182

Ty = 9.1

Vy= 15.8

Loumech angle = &0°
______________________________________ N

1.6

5. By experimenting with the initial velocity vector, what two things tend to make the
projectile travel higher?

1.7

6. What two things can you do to make the projectile travel farther?

1.8

7. Set a suitable trajectory back on page 1.5.
e What is the maximum height of that trajectory?

8. Lock in a trace point.

1.9

9. When did the projectile reach the maximum height, and what was its horizontal

displacement at that time?
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1.10

10. When and where did the projectile land on the ground?

2.1 Changing Velocity Components

As a projectile flies through the air, its motion changes. Vertical and horizontal motions are
separate and independent. For simple projectile motion consideration (ignoring air resistance,
earth movement, curvature of the earth, etc...), horizontal motion is uniform and based on the
Vx (horizontal component of the initial velocity). The vertical motion is controlled by gravity
and based on Vy (vertical component of the initial velocity).

2.2

11. What is the equation to determine distance for uniform horizontal motion?

2.3

12. What is the equation for vertical height in freefall motion?

2.4

Parametric equations relate two separate relations to a third variable—usually time. This
works perfectly for projectiles because we can determine horizontal and vertical

displacements from different velocities—both at the same times.

Note: The parametric equations for vertical and horizontal motions are stepped through
chosen time intervals to create the trajectories in this document.

On the next page of the TI-Nspire™ document is a trajectory that you can vary by changing
the initial velocity. The projectile is attached to the trajectory path, and the velocity of the

projectile is shown as it moves along the trajectory.
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2.5
{EEEEEE] 25 e AUTO REAL ]
Vinitial = 185
T = 8.1
Ywi = 17
N t=0.5
5 Vy=11.2
Ty = 8.1
AN Launch angle =, 64.6°
k
2.6

13. What happens to the horizontal component of velocity (Vx) as the projectile moves along
the trajectory?

2.7

14. What happens to the vertical velocity (Vy) as the projectile moves along the trajectory?

2.8

15. When does the vertical velocity become zero? Why? What is this point of the trajectory
called?

2.9

16. What happens to the vertical velocity (Vy) after the projectile reaches maximum height?
Explain.

2.10

On the next page of the TI-Nspire™ document is a spreadsheet with columns for the time
and vertical velocity component as the projectile moves along the trajectory.

17. Go back to the last trajectory on page 2.5.

18. Set a suitable trajectory, and move the projectile near to the beginning of the trajectory.

19. Press @ O

o These keystrokes will capture data from this point for the spreadsheet.
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20. Move the projectile along the trajectory, and press @ O again to gather another set
of data at a new point.
21. Do this for at least ten points along the range of the trajectory.

22. Look at the spreadsheet on page 2.11, and then move on to page 2.12.

2.11

PDEG AUTO REAL

=capture (i)

=capture(t0)

[([(eee— | ]

2.12

In the spreadsheet on the previous page, you captured data of time and y-velocity along the
trajectory. As you can see, the y-velocity changes. By plotting this data, we can find the how

the y-velocity changes with time.
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2.13

On the bottom half of this page is a data plot.

e Press @ to toggle between the two work areas of this page.
23. Move the cursor, click below the x-axis, and select the variable "t ime".
24. Click beside the y-axis, and select "yvel".

e This plots the captured data from the spreadsheet.

25. Click in the data plot, and press @ @ @ for Menu 3: Actions,

5: Regression, 2: Show Linear (ax+b).
o Note the equation that appears.

e Click on the line if the equation disappears.

1 2.13|PDEG AUTO REAL

bn the bottorm half of this page is a data plot. E‘
B

Press ctri-tab to togole between the two windows
af this page. Click below the % axis and select the

Q0 @0 Oy

© 9]

Click to add wariahl
D

o %

Click to add wariahle

2.14

26. What does the slope of a velocity vs. time graph represent? What is the slope of this
equation? What units should the slope have? Explain this value.

2.15

27. What is the vertical axis intercept (y-intercept)? What does this mean?

2.16

28. How does the y-intercept relate to the original trajectory on page 2.5?

2.17

29. What does the point where the line crosses the x-axis represent? Where is this seen on the

trajectory?
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2.18

30. What happens to the vertical velocity at the point where the graph crosses the x-axis?

Explain what is going on here.

2.19

31. Why is the vertical acceleration negative throughout the entire trajectory?

3.1 Maximum Range

How can you maximize the range of a projectile? Shooting it faster is a first, obvious

solution; what else can you do?

On the next page is a trajectory for a projectile launched at a fixed, maximum speed. Explore
how to make the projectile go farther before landing on the ground. You can drag the initial
velocity vector, and you can drag the trace point on the trajectory.

3.2
WFDEG AUTO REAL B

¥ iutial = 18

Vi = 7.8
Vi = 162

t-2.66
rangs = 20.61
Launch angle =  64.5°

(2041,8.573 )

32. In this example, what launch angle gives the maximum range?

3.4

33. What is the maximum range?
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4.1 Optimum Angles?

You now launch the projectile towards an elevated landing area.

34. Does this affect the optimum angle for maximum range?

35. Explore this by dragging the corner of the elevated surface, the tip of the initial velocity
vector, and the trace point.

4.2
:ﬁm’DEG AUTO REAL ]
49 Vimitial = 18
¥ V= B
Voi = 16.1
1=2.33
rangs = 1876
auneh angle = 6357
(1875, 10.398 )
2
-3.80 2 \ 42,43
4.3

36. As the elevated landing area becomes higher, what happens to the angle needed for
maximum range?

4.4

37. As an extension to this activity, try to create another trajectory where the launch point is
elevated above the landing area.

38. What does this do to the range and to the optimum angle for maximum range?
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Projectile Trajectory Scenarios

Concepts

. Projectile Motion
e  Velocity vectors 0 .
e  Component vectors verview

This activity document contains four problems to explore different aspects of

Materials projectile motion.

e  TI-Nspire™ Math and Science
Learning Handheld

Introduction

This activity contains four problems as seen in
the TI-Nspire™ .tns document
“ProjectileTrajectory.tns.” The pages and
problems contained in the .tns file serve as the
sections in this activity document.

Problem 1 illustrates how the initial velocity
vector has both vertical and horizontal
components that act independently of each other
and how changes in the initial velocity can
change the components and the resulting
trajectory.

Problem 2 looks at changes in the velocity
components as a projectile moves along its
trajectory. By varying trajectories, students can
see that horizontal velocity is always constant
(ignoring air, etc.) and that the vertical
component is always the same as simple freefall
motion.

Problem 3 allows students to explore
graphically (simulate) how to determine the
range of a projectile, and find the optimum angle
to maximize range.

Problem 4 extends this exploration to include
having the projectile land on an elevated surface.
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Notes & Hints

1.

Diagrams have much background
information that is hidden.

For example, a vector may be constructed on
a line segment to limit the parameters of the
vector. The line segment is then hidden so
that the vector is essentially “locked” and
cannot be moved without showing the line
segment first.

Students could mess up diagrams by
“Showing” and then changing some points or
information. Students should immediately
save the document under a slightly changed
name so that they will always have a clean,
original copy to work with.

You, of course, should have a back-up master
copy on your handheld and on your
computer.

These activities involve the dragging of
points to change the initial velocity vector of
a projectile, the trace points on trajectories,
and the parameters of a landing area.

Data will be captured by students during
some of this dragging.

After some initial random, fun exploration,
students should be encouraged to drag
(explore) systematically.

The trajectories are created through
parametric equations.

For simplicity, the time increment used is
0.1s.

This relatively large time increments means
some loss of precision for maximum height
or landing point calculations, but it makes the
dragging simpler and easier to follow.

Further notes and suggested answers are
included with some of the page descriptions and
screen shots below (in bold text).
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1.1 Trajectories and Velocity Components

What determines the trajectory of a projectile?
What happens to its motion during its flight? We
can investigate the basics of projectile motion
using vectors and parametric equations to define
and describe the motion.

A projectile may be traveling both horizontally
and vertically at the same time. These two
simultaneous motions can be combined with
vectors and described separately with a set of
parametric equations.

Let's begin by looking a simple projectile
launched upwards from "ground level™ across a
horizontal surface, starting with the initial
velocity vectors.

The rhetorical question may be a good
jumping off point for discussion of
terminology and perceptions.

1.2

The path of a projectile depends on the initial
velocity vector. This initial velocity can have
different magnitudes and direction. This causes
the x (or horizontal) and y (or vertical)
components to change.

1. On the next page, drag the tip of the initial
velocity vector, and note how the launch
angle and the components Vx and Vy change.

The only “hot spot” is the tip of V initial.
Show the students that to drag something they
“grab” it by moving the cursor over the point
until the open hand appears. Then either hold
the click button for one second, or press

@ to grab.
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1.3

See Figure 1 for page 1.3 with the hand cursor
‘grabbing’ the vector.

1.4

A projectile trajectory determined by the initial

velocity is shown on page 1.4.

2. Drag the tip of the initial velocity, and note
how the trajectory changes.

3. Press ® @ for Menu 5: Trace, 1:

Graph Trace.

4. Move the trace point along the graph to see
the x (horizontal distance), the y (vertical
distance), and the t (time of flight) for each
point on the trajectory.

e Clicking will lock a trace point, giving the
x- and y-coordinates of that point.

Every click will drop another trace point.
Extra trace points and coordinates can be
removed. Press , grab the unwanted
point, and delete with .
Use right and left arrows only to trace. Up or
down arrows change the trace mode. If the
wrong mode appears, just restart the trace

menu.

15

See Figure 2 for page 1.5 with a locked and a

dynamic trace point.

{13] PDEG AUTO REAL B
Vinmitial = 15.2
Vinitial Ve= 75
Fr= 131
Launch angle = G
Figure 1

{ PDEG AUTO REAL

Vimtial = 18.2
Ty = 9.1
V= 158

(820253, 102151

Loumech angle = &0°

(43823, 12,6722, 1= 15 )

Figure 2
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1.6

5. By experimenting with the initial velocity
vector, what two things tend to make the
projectile travel higher?

Longer initial velocity vector (greater speed)

and larger angle (more vertical) make the

projectile go higher.

1.7

6. What two things can you do to make the
projectile travel farther?

Longer initial velocity vector (greater speed)

and an optimum angle make the projectile go

farther. Optimum angle is explored later.

Here it is 45°.

1.8

7. Set a suitable trajectory on page 1.5.

e What is the maximum height of that

trajectory?

8. Lock in a trace point.
Any trajectory that fits on the screen is
suitable. Values will vary with students. Note
that exact maximum heights are not available
due to the time increment limit of 0.1 s.
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1.9

9. When did the projectile reach the maximum
height, and what was its horizontal
displacement at that time?

Read values from the trace point coordinates.

Note: The live trace coordinates are (X,y,t);

the locked trace point coordinates give

only (x,y).

1.10

10. When and where did the projectile land on
the ground?

Trace as close to the ground (y = 0) as
possible, given the time increments of 0.1 s.

2.1 Changing Velocity Components

As a projectile flies through the air, its motion
changes. Vertical and horizontal motions are
separate and independent. For simple projectile
motion consideration (ignoring air resistance,
earth movement, curvature of the earth, etc...),
horizontal motion is uniform and based on the

Vx (horizontal component of the initial velocity).

The vertical motion is controlled by gravity and
based on Vy (vertical component of the initial
velocity).

2.2

11. What is the equation to determine distance
for uniform horizontal motion?

dx=Vx -t (where VX = Vinitial COS 0)
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2.3

12. What is the equation for vertical height in
freefall motion?
dy = Vy; -t + % gt?
(Where Vy; = Vinitiar Sin 6 and g = -9.8m/s?)

2.4

Parametric equations relate two separate

relations to a third variable—usually time. This

works perfectly for projectiles; we can determine

horizontal and vertical displacements from

different velocities—both at the same times.

Note: The parametric equations for vertical and
horizontal motions are stepped through
chosen time intervals to create the
trajectories in this document.

On the next page is a trajectory that you can vary
by changing the initial velocity. The projectile is
attached to the trajectory path, and the velocity
of the projectile is shown as it moves along the
trajectory.

In this example, steps have been taken to
make the diagram less likely to be disturbed:

e Graph type is parametric.
e Parametric graph 1 was left empty, and
equations are in parametric graph 2.

e Entry Line was changed back to function
and then hidden.

The parametric equations are based on
measured components (that are hidden)
stored as variables:

e Xo(t) = Vx:t
o yo(t) =Vy; t—4.9¢

T PROFESSIONAL DEVELOPMENT SERVICES FROM TEXAS INSTRUMENTS

EXPLORING HIGH SCHOOL PHYSICS WITH TI-NSPIRE™ TECHNOLOGY

© 2008 TEXAS INSTRUMENTS INCORPORATED



194

Projectile Trajectory Scenarios

2.5

See Figure 3 for page 2.5.

2.6

13. What happens to the horizontal component of
velocity (VX) as the projectile moves along
the trajectory?

VX remains constant.

2.7

14. What happens to the vertical velocity (Vy) as

the projectile moves along the trajectory?

Vy decreases on the way up, changes direction
to downwards at the top, and increases on the

way down.

2.8

15. When does the vertical velocity become
zero? Why? What is this point of the
trajectory called?

Vy becomes zero at the apex of the trajectory.
The explanation by students is often
backwards. Vy becomes zero because gravity
is continually pulling the projectile down.
This causes the vertical motion to stop.
Because the upward vertical motion stops,
this means the projectile will go no higher,
thus the apex of the trajectory. Immediately,
the projectile changes directions and starts to
fall faster and faster. This will be explored
more shortly.

:ﬁﬁPDEG AUTO REAL 7]
Vimtial = 18.9 |
Vg = a8.1
Vi = 17
N t=0.6
Wy=11.2

V= 8.1

64,67

W Launch angle =

Figure 3
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2.9

16. What happens to the vertical velocity (Vy)

after the projectile reaches maximum height?

Explain. =capture(t0)  |=capture(vy,o)

2.10

On the next page of the TI-Nspire™ document is

a spreadsheet with columns for the time and

vertical velocity component as the projectile

. ) Figure 4
moves along the trajectory (Figure 4).
{25 P2Elza2e)
17. Go back to the last trajectory on page 2.5 — AUTS, Eiif:, — g

(Figure 5).

18. Set a suitable trajectory, and move the
projectile near the beginning of the

trajectory.

19. Press (v ) (.

e These keystrokes will capture data from this

point for the spreadsheet (Figure 6).

20. Move the projectile along the trajectory, and
again press @ @ to gather another set =capture(t,0) |=capture(\y.0)

JG3672 15.442

of data at a new point.

21. Do this for at least ten points along the range

of the trajectory.

[([ee—— s3] )]

22. Look at the data captured in the spreadsheet

B1|=15.44195233386

on page 2.11, and then move on to page 2.12.
Pag bag Figure 6

Encourage students to capture date over a
wide range of the trajectory including on the
way up, near the apex (but not necessarily
right at the peak), and on the way down.
Spreading out the capture points will make
the next graph easier to interpret.
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2.12

In the spreadsheet on the page 2.11, you captured
data of time and y-velocity along the trajectory.
As you can see, the y-velocity changes. By
plotting this data, we can find the how the y-
velocity changes with time.

2.13

On the bottom half of this page is a data plot.

e Press to toggle between the two
Con)

work areas of this page.

23. Click below the x-axis, and select the
variable "time".

24. Now click beside the y-axis, and select
"yvel" (Figure 7).
e This plots the captured data from the

spreadsheet.

25. Click in the data plot, and press @
® @ for Menu 3: Actions,

5: Regression, 2: Show Linear (ax+b).
¢ Note the equation that appears (Figure 8).

e Click on the line if the equation disappears.

4|02 Z2] 2.12 [P DEG AUTO REAL

O the bottom half of this page is a data plot.

Press ctri-tab to toggle hetween the two windows
of this page. Click below the x axis and select the

I W

16
11® o

_ 4 ©
% ]

+ <

-8

T T T T T T T T T T T T T T
0.0 04 08 12 16 20 24 28
time

Figure 7

On the bottom half of this page is a data plot.

Press ctri-tab to toggle hetween the two windows
of this page. Click below the x axis and select the

IR

Te:

8]

¥ = 17.05+-9.80"X

5 R

T T T T Tt T T T T T T I
00 04 08 12 18 20 24 28
time

Figure 8

T PROFESSIONAL DEVELOPMENT SERVICES FROM TEXAS INSTRUMENTS

EXPLORING HIGH SCHOOL PHYSICS WITH TI-NSPIRE™ TECHNOLOGY

© 2008 TEXAS INSTRUMENTS INCORPORATED




197

Projectile Trajectory Scenarios

2.14

26. What does the slope of a velocity vs. time
graph represent? What is the slope of this
equation? What units should the slope have?
Explain this value.

The general equation that applies here is:
V,=V; +at
The slope of the graph is the acceleration:

-9.8 m/s?

2.15

27. What is the vertical axis intercept
(y-intercept)? What does this mean?

The vertical axis intercept represents the

initial speed: Vy; = 17.05 m/s in this example.

2.16

28. How does the y-intercept relate to the
original trajectory on page 2.5?

This is the original vertical component of the

initial projectile velocity, Vyi.

2.17

29. What does the point where the line crosses
the x-axis represent? Where is this seen on
the trajectory?

The point where the graph crosses the

trajectory represents a vertical speed of zero.

This occurs at the apex of the trajectory—at

about 1.7s in this example.
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2.18

30. What happens to the vertical velocity at the
point where the graph crosses the x-axis?
Explain what is going on here.

The graph is a straight line, indicating

constant (negative) acceleration. Immediately

above the horizontal axis, the graph indicates
positive (upwards) motion; immediately below
the axis, it indicates negative (downwards)
motion. As the graph crosses the line, the
projectile stops going up and starts going
down—uwith no change in the acceleration

(slope of the graph). How long is the projectile

stopped at the top?

2.19

31. Why is the vertical acceleration negative
throughout the entire trajectory?

Gravity causes the acceleration and is acting
downwards continually throughout the entire
motion.

3.1 Maximum Range

How can you maximize the range of a projectile?
Shooting it faster is a first, obvious solution;
what else can you do?

On the next page is a trajectory for a projectile
launched at a fixed, maximum speed. Explore
how to make the projectile go farther before
landing on the ground. You can drag the initial
velocity vector, and you can drag the trace point
on the trajectory.

Changing the angle of launch is the other
factor affecting the range.
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In this problem, the initial velocity vector was
built to a circle (hidden). This fixes the length
(magnitude) of the vector but allows it to be
dragged to different launch angles.

3.2

See Figure 9 for page 3.2

3.3

32. In this example, what launch angle gives the
maximum range?

Students can drag the initial velocity vector to
different angles to see where the trajectory
crosses the horizontal.

Students can drag the projectile along the
trajectory to see its x- and y-coordinates at
points on the trajectory.

The maximum range shown in the screenshot
is the best we can do with this time-step
setting.

The algebraic approach could be another
lesson. For a landing on the same level as the
launch, the optimum angle is 45 ° (Figure 10).

3.4

33. What is the maximum range?

The maximum range for this launch velocity
is about 33 m.

:ﬁEPDEG AUTO REAL B
Vimdial = 18
Vid = 7.5
Vyi= 162
t=2.66
rangs = 2061

Lawnsh angle = 64.5°

(2051,8.573 )

\

Figure 9
{[EHE[Z8E =2 e AuTO REAL |
Vinitial = 18
Vid = 127
Vyi = 127
=259
range = 3258
Lounch angle = 45°
(22.98,0082 ]
Figure 10
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4.1 Optimum Angles?

You now launch the projectile towards an

elevated landing area.

34. Does this affect the optimum angle for

maximum range?

35. Explore this by dragging the corner of the
elevated surface, the tip of the initial velocity
vector, and the trace point.

The results here are interesting and
unexpected for many people. The relative
height of the landing area compared to the
launch does make a difference to the
maximum range and to the optimum launch
angle.

Students can explore a variety of different
landing heights by dragging the corner of the
“cliff” or “building” to get a height they want.
An interesting extreme: can the building be
too high?

Yes, with the fixed launch speed, there will be
an absolute maximum height for the
trajectory. If the landing is higher than that,
the projectile will not reach.

The algebraic solution (another lesson) results
in complex number values.

The range is found by dragging the projectile
to the landing height (Figure 11 showing page
4.2).

:ﬁﬁPDEG AUTO REAL ]
A9 Vinitial = 18
v Vii = 8
Vyi = 16.1
=233
range = 1878
aunch angle = £3.5°
( 18.75, 10.898 )
2
-3.95 2 \ 42 4]

Figure 11
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4.3

36. As the elevated landing area becomes higher,
what happens to the angle needed for
maximum range?

The higher the landing is compared to the

launch location, the larger (more vertical) the

launch angle needs to be to get maximum
range. This can be described conceptually by
saying that, because of the higher landing, the
projectile will have less time in the air. To add
more air time, we need to shoot it higher.

4.4

37. As an extension to this activity, try to create
another trajectory where the launch point is
elevated above the landing area.

38. What does this do to the range and to the
optimum angle for maximum range?

The lower the landing area, the closer the
optimum angle is to horizontal. An “extreme”
of this is a circular orbit. A satellite has a
horizontal speed and “never” lands because it
is so high (and, of course, because of the
curvature of the earth—the analogy is not
perfect).
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Final Notes

Online Evaluation

Please take the time to provide your feedback on this institute by completing the online
evaluation at:
http://deploy.ztelligence.com/start/index.jsp?PIN=139ZK2ED2EKU7

An email will also be sent to each participant with a link to the evaluation.

Continuing Education and Graduate Credit

As a part of Texas Instruments’ on going commitment to help teachers succeed, T* is
working with several institutions to provide CEU and/or Graduate credit for our courses
for teachers.

General information can be found at

http://education.ti.com/educationportal/sites/US/sectionHome/pd credit.html

Adams State College
www . exstudies.adams.edu

Under the "What's New Section", click on Texas Instruments
That action will then direct you to an ASC/Texas Instruments Welcome page

You will be prompted to click on a “REGISTER BUTTON?” for the graduate credit

California State University at Monterey Bay
http://www.actprogram.info/ti-nspire.html

Central Michigan University
http://www.cel.cmich.edu/ti/

Webster University
http://www.webster.edu/
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