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Copyright Notice

The PASCO scientific Model ME-6825 Mini Launcher

manual is copyrighted and all rights reserved. Howeve
permission is granted to non-profit educational institu-

tions for reproduction of any part of this manual provid-
ing the reproductions are used only for their laboratorie
and are not sold for profit. Reproduction under any oth
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Limited Warranty

PASCO scientific warrants this product to be free from
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IC%ollowing rules:
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ship. This warranty does not cover damage to the prod
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whether a product failure is the result of a manufacturir
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solely by PASCO scientific. Responsibility for the retu
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Equipment must be properly packed to prevent damag
and shipped postage or freight prepaid. (Damage cau
by improper packing of the equipment for return ship-
ment will not be covered by the warranty.) Shipping
costs for returning the equipment, after repair, will be
paid by PASCO scientific.

Credits

This manual authored by: Jon Hanks

uét The carton must be strong enough for the item
shipped.

900 Make certain there is at least two inches of packing
material between any point on the apparatus and the

N inside walls of the carton.

er.
el

sed

Make certain that the packing material can not shift in
the box, or become compressed, thus letting the instru-
ment come in contact with the edge of the box.

Address: PASCO scientific
10101 Foothills Blvd.
P.O. Box 619011
Roseville, CA 95678-9011
Phone: (916) 786-3800
FAX: (916) 786-8905
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Mini Launcher

Introduction

The PASCO Mini Launcher has been designed for
projectile experiments and demonstrations. The only
additional equipment required is a C-clamp or ME-937
Universal Table Clamp for clamping the Launcher to a
table. The features of the Mini Launcher include:

 LAUNCH AT ANY ANGLE Between -45° and 90°:

Balls can be launched at any angle from 0 to 90 d

grees measured above the horizontal. The magneti

piston holds the steel ball in position for launch at

any angle from 0 to 45 degrees measured below the

horizontal.

DO NOT PUSH
PISTON

WITH
FINGER!

N
N N
1 \\\\\\\
|

2
Q0
\\\\\\\\\\\\\\\\\\

/0 10 0
L &

The angle is easily adjusted using the thumb scre
The built-in protractor and plumb bob on the side
the launcher give a convenient and accurate way
determining the angle of inclination.

* THREE RANGE SETTINGS:

There are three ranges from which to choose. The
are approximately 0.5 meter, 1.0 meter, and 2.0
meters, when the angle is 45 degrees and measu
from table top to table top.

.
Df
of

24

red

* FIXED ELEVATION INDEPENDENT OF
ANGLE:

Ball
Center of mass

Launch
Pen or Rod

‘on Clicks

Outer edge
of Ball

The Mini Launcher can be mounted so that it piv-
ots at the muzzle end. The elevation of the ball as
it leaves the barrel does not change as the angle is
varied.

* REPEATABLE RESULTS:

There is no spin on the ball since the piston keeps
the ball from rubbing on the walls as it travels up the
barrel. The sturdy base can be secured to a table with
a C- clamp or a ME-9376B Universal Table Clamp
(not included) so there is very little recoil. The trig-

ger is pulled with a string to minimize jerking.

« COMPUTER COMPATIBLE:

Photogates may be attached with the accessory
bracket (ME-6821) to connect the Mini Launcher to
a computer to measure the muzzle speed. Also a
photogate at the muzzle and the Time of Flight ac-
cessory (ME-6810) can be used to time the flight of
the ball.

TPASCQ .
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Equipment

The ME-6825 Mini Launcher includes the following:
e Launcher and Base (Assembled)
¢ (2) 16mm Steel Balls
« String (to pull trigger)
* Collision Attachment
» Safety Goggles
* Pushrod

* Manual

Launcher

Scale Indicator

Safety Goggles

Collision Attachment

Pushrod

Projectile Balls

| PASC (
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Mini Launcher

General Operation of

the Mini Launcher

[0 Ready

- Always wear safety goggles when you are in a rog
where the Mini Launcher is being used.

O WARNING: Never look down the front of
the barrel because it may be loaded. Safety
goggles are provided for use when operating
the Mini Launcher. Always assume that the
barrel is loaded!

- Tie the string to the trigger before loading.

- The base of the Mini Launcher can be clamped
the edge of a table using the clamp of your
choice. When shooting onto the floor, it is desir-
able to have the label side of the Launcher ever
with one edge of the table so a plumb bob can K
used to locate the position of the muzzle with re
spect to the floor.[{ NOTE: The sturdy base
may also be placed directly on the table top.)

- The Mini Launcher can be mounted to shoot on
the table such that the launch position of the ba
is at the same height as the table.

0 NOTE: To prevent the steel ball from

denting your floor or table top, you may want
to place a protective plastic or metal covering
on the surface.

0 NOTE: Use only 16 mm steel balls with the
Mini Launcher. A ferro-magnetic material is re-

N . : .
quired to work with the negative angles (0 to - 4¢

)).

- Place the ball in the barrel. Push the ball down the
barrel with the pushrod until the trigger catches the
piston. One audible click indicates that the piston is
cocked in the shortest range setting, two clicks indi-
cate the medium range and three clicks set the piston
on the long range setting.

000000000
Third Click Second Click First Click
Long Range Medium Range Short Range

anan A n n A

|
- Remove the pushrod.

De
| 0 WARNING: Do not push the piston with

your finger. Your knuckle may get stuck.
[0[] Shoot

- Before launching the ball, make certain that no per-
son is in the way.

- To shoot the ball, pull straight up on the lanyard
(string) that is attached to the trigger. It is only nec-
essary to pull it about a centimeter.

[0 Maintenance and Storage

0 Aim - No special maintenance of the Mini Launcher is re-
- The angle of inclination is adjusted by loosening the quired.
thumb screw and rotating the Launcher to the de- - Do not oil the Launcher!!
sired angle above or below the horizontal as inqli- - To store the Launcher in the least amount of space,
fﬁteﬁj by tr;]e pI\L;thb b?hb and |Ior?1tractt)or on tr}e St'dc(f of align the barrel with the base by adjusting the angle
i e;] N autr;]c ;r' b €n Ihe€ angle has been selecte to O degrees. If the photogate bracket and photogates
Ighten the thumb Screw. are attached to the Launcher, the bracket can be slid
1] CAUTION: Overtightening the thumb screl t:)ae::chkezlong the barrel with the photogates still at-
will damage the ridges on the extruded barrel. '
- To help align the launcher with a target, use a Alianing launch g
straight edge or meter stick against the lip on the 13 dot with meter stiok
launcher barrel as illustrated.
O Load
- Always cock the launcher with the ball in the piston.
[PASCC 3
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Installing the Optional Photogate Bracket (ME-6821)

The Photogate Bracket is an optional accessory for
mounting one or two photogates on the Mini Launcher
measure the muzzle velocity of the ball.

Installation is as follows:

O Prepare the bracket by inserting the thumb screw
through the hole in the bracket near the end that ha
the post (see diagram for orientation) and start the
square nut onto the end of the thumb screw. Attach

the bracket and the screws provided with the
photogates.

S

D

Mini
Launcher
Barrel

Nut

Photogate

the
photogates to the bracket using the remaining holes in

Square

Nylon Thumb
Screw

00 To mount the bracket to the Launcher, align the square
to

nut in the slot on the bottom of the barrel and slide the
nut and the post into the slot. Slide the bracket back
until the photogate nearest to the barrel is as close to
the barrel as possible without blocking the beam.
Tighten the thumb screw to secure the bracket in
place.

When storing the Mini Launcher, the photogate bracket
need not be removed. It can be slid back along the bar-
rel with or without the photogates in place, making as
compact a package as possible.

Photogate Mounting

Bracket

Photogate

|

Nylon Thumb
Screw

| PASC (
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Mini Launcher

Installing the 2-Dimensional Collision Attachment

The two dimensional Collision Attachment consists of 2

screws, 2 nuts, and a flat plastic bar. It is used with the
Mini Launcher to hold a second ball in front of the

muzzle so the launched ball will collide with the secona
ball, creating a 2-dimensional collision.

Assembly

To assemble the collision attachment , insert the screw
through the holes and secure with the nuts as shown if
following illustration.

To mount the collision attachment to the Launcher the

square nut slides into the T-shaped channel on the boftom

of the barrel. (See Experiment Figure 6.2)

p Square &
Nut N

@ Hex Nut

s

S
1 the

Expectations for the Mini Launcher

The following are helpful hints and approximate values
you may find useful:

0 The muzzle speed will vary slightly with angle. The
difference between muzzle speed when shot horizo
tally versus vertically can be anywhere from zero to
8%, depending on the range setting and the particu
launcher.

| PASC (]
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0 The scatter pattern is minimized when the Mini
Launcher base is securely clamped to a sturdy table.
Any wobble in the table will show up in the data.

n-

Iah The angle of inclination can be determined to within
one- half of a degree.
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Launch Positions

Clamp base to table. Mount launcher as
shown to shoot onto table. The square nut in
the T-slot should be slid to the front of the
launcher. Ball is launched at table level.

Clamp base to table. Mount launcher as shown
to shoot onto table. The square nut in the T-slot
should be slid to the front of the launcher. Ball
is launched from a height above table level.

o 0 O o Clamp base to side edge of table. Mount
@) launcher as shown to shoot off table onto floor.
O
Ball is launched at \ o
positive angle. 5

|J 5

Set launcher on table (with or without clamp).

Ball is launched at Launch ball on or off the table.
negative angle.
o O
o o © O 5 .
O\\\ O
O
— JJ \O
6 | PASC (
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Experiment 1: Projectile Motion

EQUIPMENT NEEDED:

— Mini Launcher and steel ball
— Plumb bob

— Meter stick

— Carbon paper

— White paper

Purpose

The purpose of this experiment is to predict and
verify the range of a ball launched at an angle. The
initial velocity of the ball is determined by shooting it
horizontally and measuring the range and the height of o
of the Launcher.

Figure 1.1: Setup to shoot
Theory horizontally off table

To predict where a ball will land on the floor when it is shot off a table at an angle, it is necessary
to first determine the initial speed (muzzle velocity) of the ball. This can be determined by launch-
ing the ball horizontally off the table and measuring the vertical and horizontal distances through
which the ball travels. Then the initial velocity can be used to calculate where the ball will land
when the ball is shot at an angle.

INITIAL HORIZONTAL VELOCITY:

For a ball launched horizontally off a table with an initial spegdhe& horizontal distance trav-
elled by the ball is given by= v t, where t is the time the ball is in the air. Air friction is assumed
to be negligible.

The vertical distance the ball drops in time t is giveny by% gtz.

The initial velocity of the ball can be determined by measuring x and y. The time of flight of the

/ 2y
t g

and then the initial velocity can be found usiggr %

INITIAL VELOCITY AT AN ANGLE:

To predict the range, x, of a ball launched with an initial velocity at an &gleove the horizon-
tal, first predict the time of flight using the equation for the vertical motion:

Y= Yo+ (Vo sing) t—3 gt?
where Y is the initial height of the ball and y is the position of the ball when it hits the floor. Then
usex = (v, cosf) t to find the range. If the ball is shot at an angle below the horizontaf) then
negative.
Setup
[l Clamp the Mini Launcher near one end of a sturdy table as shown in Figure 1.1.
[1 Adjust the angle of the Mini Launcher to zero degrees so the ball will be shot off horizontally.

TPASCQ ,
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Procedure

Part A: Determining the Initial Velocity of the Ball

[] Put the ball into the Mini Launcher and cock it to the long range position. Fire one shot to
locate where the ball hits the floor. At this position, tape a piece of white paper to the floor.
Place a piece of carbon paper (carbon-side down) on top of this paper and tape it down. When
the ball hits the floor, it will leave a mark on the white paper.

[ Fire about ten shots.

[1 Measure the vertical distance from the bottom of the ball as it leaves the barrel (this position is
marked on the side of the barrel) to the floor. Record this distance in Table 1.1.

[1 Use a plumb bob to find the point on the floor that is directly beneath the release point on the
barrel. Measure the horizontal distance along the floor from the release point to the leading
edge of the paper. Record in Table 1.1.

[l Measure from the leading edge of the paper to each of the ten dots and record these distances
in Table 1.1.

[] Find the average of the ten distances and record the value in Table 1.1.

[l Using the vertical distance and the average horizontal distance, calculate the time of flight and
the initial velocity of the ball. Record in Table 1.1.

[l Calculate the Total Average Distance. Record in Table 1.1.
(Total Average Distance = Distance to paper edge + Average Distance)

Table 1.1 Determining the Initial Velocity

Vertical distance = Horizontal distance to paper edge =

Calculated time of flight = Initial velocity =

Trial Number Distance

[

|| N[O BlW]DN

=
o

Average Distance

Total Average Distance

8 | PASC (]
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Part B: Predicting the Range of the Ball Shot at an Angle

[l Adjust the Mini Launcher to launch at an angle between 20 and 60 degrees above the horizontal.
Record this angle in Table 1.2.

[l Using the initial velocity and vertical distance found in the first part of this experiment, calculate
the new time of flight and the new horizontal range for a projectile launched at the new angle.
Record in Table 1.2.

[l Draw a line across the middle of a white piece of paper and tape the paper on the floor so the line
is at the predicted horizontal distance from the Mini Laun€erer the paper with carbon paper.

I Shoot the ball ten times.

[l Measure the ten distances and take the average. Record in Table 1.2.

Analysis

[l Calculate the Total Average Distance. Record in Table 1.2.
(Total Average Distance = Distance from Edge of Paper + Horizontal Distance to paper edge)

[1 Calculate and record the percent difference between the predicted value and the resulting average
distance when shot at an angle.

[1 Estimate the precision of the predicted range. How many of the final 10 shots landed within this

range?
Table 1.2 Confirming the Predicted Range
Angle above horizontal = Horizontal distance to paper edge =
Calculated time of flight = Predicted Range =
Trial Number Distance from Edge of Paper
1
2
3
4
5
6
7
8
9
10
Average
Total Average Distance
TPASCC 0
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Part C: Predicting the Range of the Ball Shot at a Negative Angle

[] Adjust the Mini Launcher to launch at an angle between 10 and 40 degrees below the horizontal
and record this angle in Table 1.3.

[ Using the initial velocity and vertical distance found in the first part of this experiment, calculate
the new time of flight and the new horizontal range for a projectile launched at the new angle.
Record in Table 1.3.

[l Draw a line across the middle of a white piece of paper and tape the paper on the floor so the line
is at the predicted horizontal distance from the Mini Launcher. Cover the paper with carbon
paper.

I Shoot the ball ten times.

[1 Measure the ten distances and take the average. Record in Table 1.3.

Analysis

[l Calculate the Total Average Distance. Record in Table 1.3.
(Total Average Distance = Distance from Edge of Paper + Horizontal Distance to paper edge)

[1 Calculate and record the percent difference between the predicted value and the resulting average
distance when shot at an angle.

[l Estimate the precision of the predicted range. How many of the final 10 shots landed within this

range?
Table 1.3 Confirming the Predicted Range
Angle below horizontal = Horizontal distance to paper edge =
Calculated time of flight = Predicted Range =
Trial Number Distance from Edge of Paper
1
2
3
4
5
6
7
8
9
10
Average
Total Average Distance

10 I PAS(C U

screntific



012-05479A Mini Launcher

Experiment 2: Projecile Motion Using Photogates

EQUIPMENT NEEDED

— Mini Launcher and steel ball — Photogate bracket
— (2) Photogates — Computer and Timing software
— Plumb bob — Meter stick
— Carbon paper — White paper
Purpose

The purpose of this experiment is to predict and verify the range of a ball launched at an angle.
Photogates are used to determine the initial velocity of the ball.

Theory

To predict where a ball will land on the floor when it is shot off a table at an angle, it is necessary
to first determine the initial speed (muzzle velocity) of the ball. This can be determined by shoot-
ing the ball and measuring the speed using photogates. To predict the range, x, of the ball when it
is launched with an initial velocity at an an@leabove the horizontal, first predict the time of

flight using the equation for the vertical motion:

Y= Yo+ (Vo sin6)t—3 gt?

where Y is the initial height of the ball and y is the position of the ball when it hits the floor.
Then usex = (v, cosb) t to find the range. If the ball is shot at an angle below the horizontal,
0 is negative.

Setup

[l Clamp the Mini Launcher near one end of a sturdy table as shown in Figure 2.1.

[l Adjust the Mini Launcher to launch either at an angle between 20 and 60 degrees above the
horizontal, or 10 to 40 degrees below.

[l Attach the photogate bracket to the Launcher and attach two photogates to the bracket. Plug the
photogates into a computer or other timer.

Figure 2.1: Setup to determine
initial velocity

I PASC U 11

screntific



Mini Launcher

012-05479A

Procedure

PART A: Determining the Initial Velocity of the Ball

[l Put the steel ball into the Mini Launcher and cock it to the long range position.

[J Run the timing program and set it to measure the time it takes the ball to pass through both

photogates.

[J Shoot the ball three times and take the average of these times. Record in Table 2.1.

[] Calculate the initial speed of the ball and record it in Table 2.1. The distance between the

photogates is 10 cm.

Table 2.1 Initial Speed

Angle above or below horizontal =

Trial Number

Time

1

2

3

Average Time

Initial Speed

PART B: Predicting the Range of the Ball Shot at an Angle

[l Keep the angle of the Mini Launcher at the selected angle.

[1 Measure the vertical distance from the bottom of the ball as it leaves the barrel (this position is marked on the
side of the barrel) to the floor. Record this distance in Table 2.2.

[] Using the initial velocity and vertical distance found in Part A, calculate the time of flight and the hori-
zontal range for a projectile launched at the selected angle. Record in Table 2.2.

[l Draw a line across the middle of a white piece of paper and tape the paper on the floor so the line is at the
predicted horizontal distance from the Mini Launcher. Cover the paper with carbon paper.

[0 Shoot the ball ten times.

[l Measure the ten distances and take the average. Record in Table 2.2.

| PASC (]
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Table 2.2 Confirming the Predicted Range

Angle above or below horizontal =

Horizontal distance to paper edge =
Calculated time of flight=
Predicted Range =

Trial Number Distance from Edge of Paper

Ol Nl ~|[{W|DN

=
o

Average

Total Average Distance

Analysis

[1 Calculate the Total Average Distance. Record in Table 2.2.
(Total Average Distance = Distance from Edge of Paper + Horizontal Distance to paper edge)

[l Calculate the percent difference between the predicted value and the resulting average distance
when shot at an angle.

[l Estimate the precision of the predicted range. How many of the final 10 shots landed within this
range?

| PASC (] 13
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Experiment 3: Projectile Range Versus Angle

EQUIPMENT NEEDED

— Mini Launcher and steel ball — Plumb bob

— Measuring tape or meter stick — Carbon paper

— Graph paper — White paper
Purpose

The purpose of this experiment is to find how the range of the ball depends on the angle at
which it is launched. The angle that gives the greatest range is determined for two cases:
launching on level ground and launching off a table.

Theory

The range is the horizontal distance, x, between the muzzle of the Launcher and the place
where the ball lands. The range is given by x sd#€)t, where y is the initial speed of

the ball as it leaves the muzzf:is the angle of inclination above horizontal, and t is the

time of flight. See figure 3.1.

— —_

X -

A

Figure 3.1: Shooting on a level surface

For the case in which the ball lands at the same elevation from which it was launched, the time
of flight of the ball will be twice the time it takes the ball the reach the peak of its trajectory. At
the peak, the vertical velocity is zero so

Vy = 0=V SiNG — gt ey

Therefore, solving for the time gives the total time of flight a2t peak = 2 Vo zne.
For the case in which the ball is
launched at an angle from a table
onto the floor, (See Figure 3.2) the
time of flight is found using the
equation for the vertical motion:

Y= Yo+ (Vo Sin6) t -3 gt?

where y is the initial height of the
ball and y is the position of the ball
when it hits the floor.

Figure 3.2: Shooting off the table

I PASC U 15
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Setup

[l Clamp the Mini Launcher near one end of a sturdy table with the Launcher aimed so the ball will
land on the table. The square nut in the T-slot should be positioned near the muzzle.

[l Adjust the angle of the Mini Launcher to ten degrees.
[] Put the steel ball into the Mini Launcher and cock it to the chosen position.

Procedure
SHOOTING ON A LEVEL SURFACE

[l Fire one shot to locate where the ball hit
the table. At this position, tape a piece of
white paper to the table. Place a piece of
carbon paper (carbon-side down) on top
of this paper and tape it down. When the d
ball hits the table, it will leave a mark on
the white paper.

[ Fire about five shots. Figure 3.3: Setup to shoot on level surface

[1 Measure the horizontal distance from the
launch position of the ball to the leading edge of the paper. Record in Table 3.1.

[1 Measure from the leading edge of the paper to each of the five dots and record these distances in
Table 3.1.

[1 Increase the angle by 10 degrees and repeat all the steps.

[1 Repeat for angles up to and including 80 degrees.

Table 3.1 Shooting on a Level Surface

|Ang|e || 10° | 20° | 30° | 40° | 50° | 60° | 70° | 80° |
1

2
3
4
5

Average
Paper
Dist.
Total
Dist.

Horz. Distance

16 I PAS(C U
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SHOOTING OFF THE TABLE

Clamp the Mini Launcher as shown in Fig 3.4 so that
the ball will hit the floor. Repeat steps 1 through 6
and record the data in Table 3.2. You can use a
plumb bob to find the point directly beneath the
launch position of the ball.

Analysis

[l Find the average of the five distances in each case
and record in Tables 3.1 and 3.2.

[l Add the average distance to the distance to the
leading edge of the paper to find the total distance
(range) in each case. Record in Tables 3.1 and 3.2.

Figure 3.4: Setup

[l For each data table, plot the range vs. angle and draw a smooth curve through the points.

Table 3.2 Shooting Off the Table

|Ang|e || 10° | 20° | 30° | 40° | 50° | 60° | 70° | 80° |
1

2
3
4
5

Average
Paper
Dist.
Total
Dist.

Horz. Distance

Questions
[l From the graph, what angle gives the maximum range for each case?
] Is the angle for the maximum range greater or less for shooting off the table?

] Is the maximum range further when the ball is shot off the table or on the level surface?

| PASC (] 17
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Experiment 4: Projectile Path

EQUIPMENT NEEDED

— Mini Launcher and steel ball — Measuring tape or meter stick
— Carbon paper — White paper

— Movable vertical target board (Must reach from floor to muzzle)

— Graph paper

Purpose

The purpose of this experiment is to find how the vertical distance the ball drops is related to the
horizontal distance the ball travels when launched horizontally from a table.

Theory

The range is the horizontal distance, X, between the muzzle of the Launcher and the place where the
ball hits, given by x = ¥, where y is the initial speed of the ball as it leaves the muzzle and t is the

time of flight.
If the ball is shot horizontally, the time of flight of the ball will be
- X
=%
The vertical distance, y, that the ball falls in time t is given by
-1 42
Y=5 ot

where g is the acceleration due to gravity.
Substituting for t into the equation for y gives

{9\
=l==|X
y (ZVOZ)
A plot of y versus %will give a straight line with a slope equath\%.
0
Setup

[l Clamp the Mini Launcher near
one end of a sturdy table with the
Launcher aimed away from the il -
table.

[1 Adjust the angle of the Mini
Launcher to zero degrees so the y
ball will be launched horizontally. -

[l Fire a test shot on the long range
setting to determine the initial | ——
position of the vertical target.
Place the target so the ball hits it
near the bottom. See Figure 4.1.

[l Cover the target board with white
paper. Tape carbon paper (carbon
side down) over the white paper.

.

X

Figure 4.1: Setup
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Procedure

U

U

Measure the vertical height from the floor to the muzzle and record in Table 4.1. Mark this
height on the target.

Measure the horizontal distance from the muzzle of the Mini Launcher to the target and record
in Table 4.1.

Shoot the ball.
Move the target about 5 cm closer to the Launcher.
Repeat Steps 2 through 4 until the ball strikes the target about 10 cm below the muzzle height.
Table 4.1 Data
Height of Muzzle =
Horizontal (x) Height (y) X2

Analysis

U

U
U
U
U

On the target, measure the vertical distances from the muzzle level mark down to the ball
marks and record in Table 4.1.

Calculate x for all the data points and record in Table 4.1.
Plot y vs. ¥ and draw the best-fit straight line.
Calculate the slope of the graph and record in Table 4.2.

From the slope of the graph, calculate the initial speed of the ball as it leaves the muzzle and
record in Table 4.2.

Using any data point for x and y, calculate the time using y and then calculate the initial speed
using this time and x. Record the results in Table 4.2.

Calculate the percent difference between the initial speeds found using these two methods.
Record in Table 4.2.

20 I PAS(C U
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Table 4.2 Initial Speed

Slope of graph

Initial speed from slope

Time of flight

Initial speed from x, y

Percent Difference

Questions
[l Was the line straight? What does this tell you about the relationship between y and x?

O If you plotted y vs. x, how would the graph differ from the y ¥gyraph?
L1 What shape is the path of a projectile?
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Mini Launcher

Experiment 5: Conservation of Energy

EQUIPMENT NEEDED

— Mini Launcher and steel ball — Plumb bob
— Measuring tape or meter stick — White paper
— (optional) 2 Photogates and Photogate Bracket = — Carbon paper

— (optional) Timing System

Purpose

The purpose of this experiment is to show that the kinetic energy of

a ball shot straight up is transformed into potential energy.

Theory

Setup
O

U

The total mechanical energy of a ball is the sum of its potential
energy (PE) and its kinetic energy (KE). In the absence of frictiof
total energy is conserved. When a ball is shot straight up, the ini
PE is defined to be zero and the KE = (1/2jnwhere m is the
mass of the ball and is the muzzle speed of the ball. See Figure
5.1. When the ball reaches its maximum height, h, the final KE is
zero and the PE = mgh, where g is the acceleration due to gravi
Conservation of energy gives that the initial KE is equal to the fin
PE.

To calculate the kinetic energy, the initial velocity must be deter-
mined. To calculate the initial velocity,, Yor a ball shot horizon-
tally off a table, the horizontal distance travelled by the ball is giv
by x = vt, where tis the time the ball is in the air. Air friction is
assumed to be negligible. See Figure 5.2.

The vertical distance the ball drops in time t is given by y = (2/2)¢
The initial velocity of the ball can be determined by measuring x
and y. The time of flight of the ball can be found using

t=,/2

g
and then the initial velocity can be found using w/t.

Clamp the Mini Launcher near one end of a
sturdy table with the Launcher aimed away from
the table. See Figure 5.1.

Point the Launcher straight up and fire a test shot
on long range. Make sure the ball does not hit the

—

tial

D

[y.

al

it

— final position

*— initial position

Figure 5.1: Conservation of Energy

ceiling. If it does, use the medium range through-
out this experiment or put the Launcher closer to

A

the floor.

Adjust the angle of the Mini Launcher to zero
degrees so the ball will be launched horizontally.

I PASC U 23
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PART I: Determining the Initial Velocity of the Ball
(without photogates)

[1 Put the steel ball into the Mini Launcher and cock it to the chosen range position. Fire one shot
to locate where the ball hits the floor. At this position, tape a piece of white paper to the floor.
Place a piece of carbon paper (carbon-side down) on top of this paper and tape it down. When
the ball hits the floor, it will leave a mark on the white paper.

[ Fire about ten shots.

[1 Measure the vertical distance from the bottom of the ball as it leaves the barrel (this position is
marked on the side of the barrel) to the floor. Record this distance in Table 5.1.

[1 Use a plumb bob to find the point on the floor that is directly beneath the release point on the
barrel. Measure the horizontal distance along the floor from the release point to the leading
edge of the paper. Record in Table 5.1.

[l Measure from the leading edge of the paper to each of the ten dots and record these distances
in Table 5.1.

[ Find the average of the ten distances and record in Table 5.1.

[l Using the vertical distance and the average horizontal distance, calculate the time of flight and
the initial velocity of the ball. Record in Table 5.1.

Table 5.1 Determining the Initial Velocity without Photogates

Vertical distance = Calculated time of flight=
Horizontal distance to paper edge = Initial velocity =
Trial Number Distance
1
2
3
4
5
6
7
8
9
10
Average
Total Distance
24 [ PASC (
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ALTERNATE METHOD FOR DETERMINING THE INITIAL VELOCITY OF THE BALL
(USING PHOTOGATES)

[l Attach the photogate bracket to the Launcher and attach two photogates to the bracket. Plug the
photogates into a computer or other timer.

[l Adjust the angle of the Mini Launcher to 90 degrees (straight up).
[l Put the steel ball into the Mini Launcher and cock it to the chosen range.

[1 Run the timing program and set it to measure the time between the ball blocking the two
photogates.

[l Shoot the ball three times and take the average of these times. Record in Table 5.2.

[l The distance between the photogates is 10 cm. Calculate the initial speed of the ball and record
it in Table 5.2.

Table 5.2 Initial Speed Using Photogates

TRIAL NUMBER TIME

1

2

3

AVERAGE TIME

INITIAL SPEED

MEASURING THE HEIGHT

[1 Adjust the angle of the Launcher to 90 degrees (straight up).

[1 Shoot the ball on the chosen range setting several times and measure the maximum height at-
tained by the ball. Record in Table 5.3.

[J Determine the mass of the ball and record in Table 5.3.

Analysis
[ Calculate the initial kinetic energy and record in Table 5.3.
[1 Calculate the final potential energy and record in Table 5.3.

[l Calculate the percent difference between the initial and final energies and record in Table 5.3.
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Table 5.3 Results

Maximuim Height of Ball

Mass of Ball

Initial Kinetic Energy

Final Potential Energy

Percent Difference

Questions
[l How does friction affect the result for the kinetic energy?

[l How does friction affect the result for the potential energy?
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Experiment 6. Conservation of Momentum In Two Dimensions

EQUIPMENT NEEDED

— Mini Launcher, 2 steel balls and Collision Attachment — Plumb bob

— Meter stick — Protractor
— Butcher paper — Tape to make collision inelastic
— Stand to hold ball — Carbon paper

Purpose

The purpose of this experiment is to show that the momentum is conserved in two dimensions for
elastic and inelastic collisions.

Theory

A ball is shot toward another ball which is
initially at rest. After the resulting collision
the two balls go off in different directions.
Both balls are falling under the influence of

the force of gravity so momentum is not — ' » o
conserved in the vertical direction. However, Mz(v = 0)
there is no net force on the balls in the hori- @)

zontal plane so momentum is conserved in
horizontal plane.

Before the collision, since all the momentum
is in the direction of the velocity of Ball #1, it (b)
is convenient to define the x-axis along this
direction. Then the momentum before the
collision is

Figure 6.1: (a) Before Collision (b) After Collision

I:)beffore =MVo R
and the momentum after the collision is

Paster = (MqVay + MoVoy) K + (Myvyy — MoV ) §
where vy, =v; cosf;, Viy = V3 SING,,v,, = v, cosd, andvyy, =V, sind,
Since there is no net momentum in the y-direction before the collision, conservation of momentum

requires that there is no momentum in the y-direction after the collision.
Therefore,

My Viy = My Vo
Equating the momentum in the x-direction before the collision to the momentum in the x-direction
after the collision gives

My Vo = My Vi + My Vo
In an elastic collision, energy is conserved as well as momentum.

%leozz%lelsz%szzz
Also, when energy is conserved, the paths of two balls (of equal mass) after the collision will be at

right angles to each other.
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Setup

LI Clamp the Mini Launcher near one end of a sturdy table with the Launcher aimed inward
toward the table. Mount the launcher in the top hole of the bracket.

Ll Adjust the angle of the Mini Launcher to zero degrees so the ball will be shot off horizontally
onto the table. Fire a test shot to determine the range.

Ll Place a piece of butcher paper on the table. The paper must extend to the base of the Launcher.

0 Mount the Collision Attachment on the Launcher
See Figure 6.2. Slide the attachment back along
the Launcher until the tee is about 3 cm in front g
the muzzle.

Ll Rotate the attachment to position the ball from
side to side. The tee must be located so that neit},,
ball rebounds into the Launcher and so both ball
land on the table. Tighten the screw to secure the
collision attachment to the Launcher.

Ll Adjust the height of the tee so that the two balls
are at the same level. This is hecessary to ensurt
that the time of flight is the same for each ball.
Fire a test shot and listen to determine if the two
balls hit the table at the same time.

[l Place a piece of carbon paper at each of the thre
sites where the balls will land.

Procedure

U Using one ball, shoot the ball straight five times. Figure 6.2 Collision Accessory Tee

] Elastic collision: Using two balls, load one ball
and put the other ball on the tee. Shoot the ball five times.

1 Inelastic collision: Using two balls, load one ball and stick a very small loop of tape onto the
tee ball. Orient the tape side of the tee ball so it will be struck by the launched ball, causing an
inelastic collision. Shoot the ball once and if the balls miss the carbon paper, relocate the
carbon paper and shoot once more. Since the tape does not produce the same inelastic collision
each time, it is only useful to record this collision once.

[l Use a plumb bob to locate on the paper the spot below the point of contact of the two balls.
Mark this spot.
Analysis

[1 Draw lines from the point-of-contact spot to the centers of the groups of dots. There will be
five lines.

[1 Measure the lengths of all five lines and record on the paper. Since the time of flight is the
same for all paths, these lengths are proportional to the corresponding horizontal velocities.
Since the masses are also the same, these lengths are also proportional to the corresponding
momentum of each ball.

[1 Measure the angles from the center line to each of the outer four lines and record on the paper.
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PERFORM THE FOLLOWING THREE STEPS FOR THE ELASTIC COLLISION AND
THEN REPEAT THESE THREE STEPS FOR THE INELASTIC COLLISION:

For the x-direction, check that the momentum before equals the momentum after the collision.
To do this, use the lengths for the momentums and calculate the x-components using the angles.
Record the results in Tables 6.1 and 6.2.

For the y-direction, check that the momenta for the two balls are equal and opposite, thus
canceling each other. To do this, calculate the y-components using the angles. Record the results
in the Tables.

Calculate the total kinetic energy before and the total kinetic energy after the collision. Calculate
the percent difference. Record the results in the Tables.

Table 6.1 Results for the Elastic Collision

Initial Final % difference
X-momentum X-momentum

y-momentum y-momentum o i

ball 1 ball 2 Y% difference
Initial KE Fina KE % difference

Table 6.2 Results for the Inelastic Collision

Initial Fina % difference

X-momentum X-momentum

)t;;alr?(immtum @r?(;mentum %% difference

Initial KE Fina KE % difference
Questions

[1 Was momentum conserved in the x-direction for each type of collision?

[l Was momentum conserved in the y-direction for each type of collision?

0]
0]
0]

Was energy conserved for the elastic collision?
Was energy conserved for the inelastic collision?

For the elastic collision, was the angle between the paths of the balls after the collision equal to
90 degrees as expected?

For the inelastic collision, what was the angle between the paths of the balls after the collision?
Why is it less than 90°?
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Experiment 7: Varying Angle To Maximize Height on a Wall

EQUIPMENT NEEDED

— Mini Launcher and steel ball — Plumb bob

— Measuring tape or meter stick — Carbon paper

— White paper — Board to protect wall
Purpose

The purpose of this experiment is to find the launch angle which will maximize the height at which
the ball strikes a vertical wall for a ball launched at a fixed horizontal distance from the wall.

Theory
When the ball is launched at an angle from a fixed distance, x, from a vertical wall, it hits the wall at
a height y given by:
y=Yo+(vpsing)t—3 gt?
where y is the initial height of the ball, vs the initial speed of the ball as it leaves the mugate,
the angle of inclination above horizontal, g is the acceleration due to gravity, and t is the time of

flight. The range is the horizontal distance, x, between the muzzle of the Launcher and the place
where the ball hits, given by x = ¢oH)t. Solving for the time of flight from the equation for x

gives

t=_X

Vg cosf
Substituting for t in the equation for y gives
Y=Y+ X tanf@ — 97)(2
0 2v,2 cos26

To find the angle that gives the maximum height, y, seBdsddial to zero and solve for the angle.

dy _ ,p OX?tand sec?6 _

g = XSe¢C 0-—~——-——=0

vy =
Solving for the angle gives

_V°
tanf,,,, = o
Since the second derivative is negativedfor,

the angle is a maximum. ||
To find the initial velocity of the ball, the fixed v s =

distance x and the maximum height ycan be oy

used. Solve the y-equation forand plug in the / 0

values fory ,8__,and x. N o G Voo

Setup

[l Clamp the Mini Launcher near one end of a
sturdy table with the Launcher facing the wall at
a distance of about 1 meter from the wall.

[1 Put a vertical board up to protect the wall.

[l Test fire the ball (on the long range setting) a
few times to find approximately at which angle
the ball strikes the wall at a maximum height.

Figure 7.1: Maximizing Height
PASCC a1

screntific



Mini Launcher 012-05479A

[1 Tape a piece of white paper to the board in the region where the ball is hitting. Then cover the
white paper with a piece of carbon paper.
Procedure

[l Shoot the ball at various angles and pinpoint exactly which angle gives the maximum height
by checking the marks on the paper.

[l Measure the angle that produces the maximum height and record in Table 7.1.
[l Measure the maximum height and record in Table 7.1.
[1 Measure the horizontal distance from the muzzle to the vertical board and record in Table 7.1.

[l Measure the initial height of the ball where it leaves the muzzle and record in Table 7.1.

Analysis

[ Calculate the initial velocity by solving the y-equation fpand plugging in the values from
Table 7.1.

[l Calculate the angle for maximum height using the initial velocity calculated in Step 1 and the
horizontal distance from the wall to the launcher.

[l Calculate the percent difference between the measured angle and the calculated angle.

Table 7.1 Data and Results

Measured Angle for Max

Maximum Height

Horizontal Distance

Initial Height

Calculated Initial Velocity
Calculated Angle for Max

% Difference Between Angles

Questions

[l For the angle at which the ball strikes the wall at the maximum height, has the ball already
reached the peak of its trajectory when it strikes the wall?

[1 How far from the wall would you need to place the launcher so that when the ball is launched
at 45° it strikes the wall at a maximum height? What would the maximum height be in this
case?
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Experiment 8 (Demo): Do 30 ° and 60 ° Give the Same Range?

EQUIPMENT NEEDED
-Mini Launcher and steel ball
Purpose

The purpose of this demonstration is to show that the range of a ball launched at 30° is the same as one
launched at 60° if the ball is shot on a level surface.

Theory

The range is the horizontal distance, X, between the muzzle of the Launcher and the place where the ball
hits, given by x = (yos9)t where y is the initial speed of the ball as it leaves the mugztethe angle of
inclination above horizontal, and t is the time of flight.

If the ball hits on a place that is at the same level as the level of the muzzle of the launcher, the time of
flight of the ball will be twice the time it takes the ball the reach the peak of its trajectory:

_ _ ., Vpsing
t=2tpe =2 g —

where g is the acceleration due to gravity.

Substituting for t into the equation for x gives , _ 2vp 939 cos6

and using a trigonometry identity gives X:vozsiTnZB

The ranges for the angles 30° and 60° are the same since sin(60°) = sin(120°).

Setup

[l Clamp the Mini Launcher near one end of a sturdy table with the Launcher aimed so the ball will land on
the table. See Figure 8.1.

[l Adjust the angle of the Mini Launcher to 30 degrees.

[l Put the steel ball into the Mini Launcher and cock it to the medium or long range position.

Procedure

[J Shoot the ball at 30 degrees to find where
the ball lands.

[1 Change the angle of the Launcher to 60
degrees and shoot the ball again. Call
attention to the fact that the ball again
lands in the same place. Thus the ranges
are the same.

[l Change the angle to 45 degrees and shoot

the ball again to show that the ball now _
lands further away. Figure 8.1: Setup to shoot on level surface

[l Ask the question: What other pairs of angles will have a common range? This demonstration can be done
for any two angles which add up to 90 degrees: 20 and 70, or 35 and 55, etc.
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Experiment 9 (Demo): Simultaneously Shoot
Two Balls Horizontally at Different Speeds

EQUIPMENT NEEDED

— 2 Mini Launchers and 2 steel balls

Purpose

The purpose of this demonstration is to show that regardless of the initial speed of the balls launched horizon-
tally off a table, the balls will hit the floor at the same time.

Theory

Two balls are launched horizontally from the same
table (from the same height, y). The muzzle speeds
of the two balls are different. =

The vertical and horizontal motions of a projectile N T~

are independent of each other. The horizontal dis y \ ~
tance, x, travelled by the ball is dependent on the \ N
initial speed, y and is given by x = where tis i

the time of flight. The time of flight depends only

on the vertical distance the ball falls since e Xshon 44
y = (1/2)gt. Since the vertical distance is the same < Xiong >
for each ball, the time of flight must be the same for

each ball.

VO(short) VO(Iong)

Setup

] Clamp two Mini Launchers adjacent to each other on a sturdy table. The Launchers should both be aimed in the
same direction, away from the table so the balls will land on the floor.

[] Adjust the angle of each Mini Launcher to zero degrees so the balls will be shot horizontally off the table.

Procedure

[] Put a steel ball into each Mini Launcher and cock one Launcher to the short range position and cock the other
Launcher to the long range position.

[1 Ask the class to be quiet and listen for the balls striking the floor. Tell them if they hear only one click, that
means the balls hit the floor simultaneously.

[] Put both lanyards in the same hand and pull them at the same time so the balls are launched simultaneously.

[1 After the balls hit the floor, ask the class if they heard one click or two.
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Experiment 10 (Demo): Shooting Through Hoops

EQUIPMENT NEEDED

— Mini Launcher and steel ball — (5) Ring clamps on stands
— (2) Photogates — Photogate Bracket
— Meter stick — (2) Meter stick
— (optional) Computer with Timing software
Purpose
The purpose of this demonstration is to show that the path of a ball launched horizontally from a table is para-
bolic.
Theory
The range is the horizontal distance, X, between the muzzle of the Launcher and the place where the ball hits,
given by X= Vot

where y is the initial speed of the ball as it leaves the muzzle and t is the time of flight.

The vertical position, y, of the ball at time t is giveryioy yg — %gt2

where y is the initial height of the ball and g is the acceleration due to gravity.

Setup

[1 Before the demonstration begins, find the initial velocity for the range setting to be used. Attach the photogates
and use a computer to find the initial velocity or shoot the ball horizontally and measure x and y to find the ini-
tial velocity. See experiments 1 and 2.

[l To prepare the demonstration, clamp the Mini Launcher to the table with the Launcher aimed away from the
table so the ball will land on the floor.

[1 Adjust the angle of the Launcher to zero degrees so it will shoot horizontally.

Procedure

(I In front of the class, measure the initial height of the ball at muzzle level.

t (sec) X = vt (cm) y =y,- (*2gt (cm)
0.1
0.2
0.3
04
0.5

| PASC (] 35

screntific



Mini Launcher 012-05479A

[ Calculate the horizontal and vertical positions of the ball each 1/10 second until it hits the
floor.

Ll Lay the 2-meter stick on the floor in a straight line away from the Launcher.

[l Measure off each set of x and y and place a ring clamp on a stand at each position (See Figure
10.1). If possible it is best to adjust the last two ring stands at an angle from the vertical so the
ball will not have to pass through them at an oblique angle. A cup may be placed at the end of
the path to catch the ball.

L1 Shoot the ball through the rings.

[1 Ask the class what shape of curve is formed by the rings.

Figure 10.1: Placing the rings
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Technical Support

Feed-Back

If you have any comments about this product or this
manual please let us know. If you have any sugges-
tions on alternate experiments or find a problem in t
manual please tell us. PASCO appreciates any cus
tomer feed-back. Your input helps us evaluate and
improve our product.

To Reach PASCO

For Technical Support call us at 1-800-772-8700 (to
free within the U.S.) or (916) 786-3800.

email: techsupp@PASCO.com

| PASC (]
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Contacting Technical Support

Before you call the PASCO Technical Support staff it
would be helpful to prepare the following information:

i your problem is computer/software related, note:

Title and Revision Date of software.
Type of Computer (Make, Model, Speed).

Type of external Cables/Peripherals.

[-+ If your problem is with the PASCO apparatus, note:

Title and Model number (usually listed on the label).
Approximate age of apparatus.

A detailed description of the problem/sequence of
events. (In case you can't call PASCO right away,
you won't lose valuable data.)

If possible, have the apparatus within reach when
calling. This makes descriptions of individual parts
much easier.

« If your problem relates to the instruction manual,
note:

Part number and Revision (listed by month and year
on the front cover).

Have the manual at hand to discuss your questions.






