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The National Science Teaching Instrumentation Center (NSTIC) started
as a Philippine-German Cooperation Project under the then Department of
Education, Culture and Sports, implemented by DECS-EDPITAF and GTZ
(German Agency for Technical Cooperation). It was established under
Executive Order No. 112 on July 22, 1993 by his Excellency, President Fidel V.
Ramos.
With close coordination with the Department of Science and
Technology (DOST), the Center is tasked to carry out the following objectives:
To develop prototypes of science teaching equipment and materials
using indigenous materials and locally available technology, adapted to the
curriculum and tested for learning effectiveness for adoption by the school
system;
To develop user’s manuals and experimentation manuals for science
teaching equipment;
To develop and prescribe standards for science teaching equipment
and materials in the country;
To assist the private sector in developing its capability to mass produce
the science equipment prototypes developed by the Center by;
a) providing technical assistance to local manufacturers; and
b) establishing collaborative linkages for data and information
exchanges between the education sector and the manufacturing
industries such as the education sector’s demand for and the private
sector’s capability to supply science equipment and parts thereof;
To develop and provide training programs for science teachers for the
effective teaching of science using the instructional equipment and materials
developed by the Center as well as those that may be developed by the
teachers themselves;
To undertake quality control of science equipment and materials being
provided to the public schools, in order to ensure that these equipment and
materials meet the technical specifications set forth by the Center; and
To develop and implement a system of repair and maintenance of
science equipment provided to the public schools.
The Center houses facilities for prototype fabrication of science
teaching equipment as well as research and training facilities for educational
and technical development.
With the advent of the Rationalization Plan the National Science
Teaching Instrumentation Center (NSTIC) was merge with three other bureaus
of the Department of Education and became collectively known as Bureau of
Learning Resources. The former NSTIC, in Cebu City is now one of the two
BLR offices the other of which is situated at the DepEd Complex, Meralco
Avenue, Pasig City.
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MAINTENANCE AND STORAGE TIPS
Inserting rods or turning screws into their respective holes can be
difficult especially when the equipment is used for the first time. Apply lubricant
on the portion of the rod or screw to be inserted. Use light machine oil as
lubricant. Never try to enlarge the hole to facilitate easy insertion as the fit
between rod and hole is very important for stability.
When equipment is not used for a long time, i.e., during long
vacations, see to it that they are dry before storing them inside the cabinet.
Better still, apply oil on screws. During storage, put the heavier items on the
lower shelves. Lay the stand rods flat on the bottom-most shelf.
Oxidation can be manifested by dark spots on the surface of
zinc-aluminum alloy. If the equipment is not corroded, just leave the oxidized
surface because this also provides some form of protection for the metal
against reagents. On the other hand, if the material gets unsightly with oxides,
you can polish the metal using fine sand paper # 600 and put your
equipment back into shape.
When reagents spill onto the metal items, wipe the exposed surfaces
with wet rags soaked in soap solution. Rinse these items with water after the
experiment then wipe dry. If these apparatus are to be stored immediately after
the activity, apply light machine oil on the surfaces.
NOTE : Should parts/accessories be missing, destroyed or broken or
should you have further inquiries, please contact the National Science
Teaching Instrumentation Center. We will be very glad to extend assistance.
See the back cover for contact details.
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Procedure:

Introduction

This edition of basic science equipment manual goes with the change in the
nomenclature of NSTIC developed equipment. NSTIC naming of developed
equipment was done by batches called Batch A for basic equipment, and Batch
B for mechanics. The next batches would be called Batch C, Batch D, and so on.
To simplify and for quick identification, the equipment group is now directly
named for its application. Thus, this manual for basic equipment is called SciKit
Basic Science Equipment Manual.
As with the previous editions, this manual contains step-by-step assembly
instructions with blown up diagrams. Each individual equipment is presented
with drawings and a brief description of functions. Item parts are shown by arrows for a quick guide.
Equipment handling and safety precautions are discussed first before going
into assembly details. Please read this section thoroughly before you start using
the equipment. This is very important!
Suggested experiment setups are found in the latter part of the manual.
Sample experiments contain detailed list of materials, including miscellaneous
items. Discussions on the basic ideas of the concepts involved follow.
The last part of the manual presents simple maintenance and
troubleshooting guides.
If you have questions and suggestions, please contact BLR Cebu. Our contact details are found at the back cover of this manual.
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1. Assemble the setup as shown.
2. See to it that all components are well-secured.
3. Pour 50 ml of dyed water into the flask and secure the flask to the universal
clamp attached to the left stand rod. Do not over tighten the clamp as it might
break the flask.
4. Clamp the measuring cylinder with the universal clamp attached to the stand
rod on the right. See the figure on page 13.
5. Insert one end of the glass tubing into the hole of the stopper and insert the
rubber stopper firmly into the flask mouth.
Note: See to it that there is no air leak between the rubber stopper and glass
tubing and between the rubber stopper and the mouth of the flask.
6. The free end of the glass tubing should be properly positioned inside the
graduated cylinder. (see figure) Leave about 10 cm. distance between the
bottom of the cylinder and the tip of the glass tubing.
7. Ignite the burner and place it under the flask.
8. Keep the flame burning until some liquid collects inside the cylinder.
9. Extinguish the burner when the measuring cylinder contains approximately
10 ml of liquid.
10. Compare the liquid inside the flask with the liquid collected inside the cylinder.
CAUTION: YOU ARE WORKING WITH HOT MATERIALS

DISCUSSION:
1. Distillation is a process that separates a substance from a mixture through
vaporization. The mixture may consist of two or more substances with different
boiling points or a solution consisting of at least one volatile and one non-volatile
component.
2. Distillation usually involves heating a liquid and condensing the vapor that forms.
3. The mixture to be vaporized is heated in a boiler. Vapor enters the
condenser where it cools and becomes liquid again and drips towards the
collection/receiver cylinder.
4. Unwanted solids and contaminants are left behind inside the boiling flask
and can be drained away.
5. Distillation replicates nature’s process of purifying water.
6. Industrial distillation processes consume enormous amounts of energy, both
in terms of heating and cooling requirements.
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EQUIPMENT LIST

III. Basic Distillation

Fig 1. STAND BASE

Purpose: To demonstrate the process of distillation.
Materials:
Stand setup III:
3 pcs stand rods, 9.5 mm X 500 mm
2 pcs stand base
2 pcs multiclamp
2 pcs universal clamps
1 pc universal bosshead

Miscellaneous:
dyed water
damp rags (as fire extinguisher)
matches

hole for inserting
vertical rod

this vertical screw fixes rod
inserted underneath

horizontal screw
fixes vertical rod
inserted

Accessories:
1 pc Erlenmeyer flask
1 pc glass tubing, bent 90°
1 pc graduated cylinder, 100 ml
1 pc alcohol burner
1 pc rubber stopper w/ 1 hole

holes for
inserting 9.5 mm
diameter rods

bent glass tubing
condenser

Fig 2. PAIR OF STAND SUPPORTS

slot guides for
sliding both the
9.5 mm and 12.7
mm diameter rods

boiling flask

collecting
cylinder

Fig 3. MULTICLAMP
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The STAND BASE is the basic
support of your experiment setup.
The vertical screw on top of the
base body is for fixing the rod
inserted horizontally through a hole
underneath. The horizontal screw
on the side of the base body is for
fixing the rods that are vertically
mounted. Large and small rods that
are provided can be mounted
vertically through the hole shown in
the figure. See pages 6 and 7 for
the assembly guide. See page 15
for the maintenance guide.
The PAIR OF STAND SUPPORTS
is primarily intended to be used with
the stand base. The hole on each
support is designed to fit a 9.5 mm
diameter rod only. Never force a
larger 12.7 mm diameter rod into
the hole of the stand support. See
the assembly guide on page 6. See
page 15 for the maintenance guide.

The MULTICLAMP is for interconnecting rods (both the 9.5 mm
and 12.7 mm diameter)
perpendicularly. The component
setup assemblies can be
conveniently adjusted to different
positions along support rods. See
page 7 for the assembly guide. See
page 15 for the maintenance guide.
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The UNIVERSAL BOSSHEAD can also
mount and fix the component assemblies
at different positions along the stand rod.
A special feature of this item is that it can
connect two stand rods to increase
length as required in the experiment
setup. See page 8 for the assembly
guide, page 15 for the maintenance
guide.
FIG 4. UNIVERSAL BOSSHEAD

The UNIVERSAL CLAMP is your
helping hand during an experiment.
It is very useful for holding various
devices, glassware, tubing, etc.
during experiments. See page 8 for
the assembly guide and page 15 for
the maintenance guide.

FIG 5. UNIVERSAL CLAMP

12.7 mm X 1000 mm

9.5 mm X 500 mm

9.5 mm X 250 mm

Fig 6. SET OF STAND RODS

Procedure:
THE IDEA OF THIS EXPERIMENT IS TO MONITOR THE TEMPERATURE OF
THE WATER INSIDE THE BEAKER DURING HEATING.
1. Assemble the experiment setup as shown. Make sure all attached
components are well-secured, especially the universal clamp holding the
beaker with water.
2. Set a distance of about 10 mm between the beaker and the burner wick.
3. Pour 100 ml of water into the beaker.
4. Place the burner below the beaker only when the burner is working properly.
Start the clock at the same time.
5. As much as possible, keep the setup away from wind.
6. Record the temperature at, say, 1 minute intervals.
7. Extinguish the flame after the water has boiled.
DISCUSSION:
a. All substances possess internal energy.
b. Internal energy is the sum of the potential and kinetic energies of the
molecules and atoms the substance is made of.
c. A change in the temperature of a substance corresponds to a change in the
kinetic energy of its molecules.
d. The kinetic energy of the molecules of hot water is greater than that of cold
water.
More Activities:
1. The teacher may let different groups work with different amounts of water
and find out how the temperature increase is affected by the amount of
water, e.g., if the amount of water is doubled, will the time it takes to reach
the same temperature double also?
2. Dissolve different amounts of solutes into the water and find out how the
boiling point of the water is affected by the dissolved solutes (boiling point
elevation). Use table salt and sugar, as solutes.
3. Students can also monitor cooling down of hot beverages, e.g., a cup of coffee,
glass of milk, chocolate drink, etc.

The SET OF STAND RODS contains 5 pieces each of the following:
9.5 mm X 250 mm, 9.5 mm X 500 mm, 12.7 mm X 1000 mm rods. The
shortest rod is mostly used as horizontal support while the longer rods are
often used as stands for mounting and fixing components via clamps. See
pages 6 to 8 for the assembly guide. See page 15 for maintenance and
storage.
Bureau of Learning Resources
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II. Internal Energy Changes

for 16 mm test tubes

Purpose: To investigate the internal energy changes of a substance.
Materials:
Stand setup II:
2 pcs stand rods, 9.5 mm X 500 mm
2 pcs stand bases
1 pc multiclamp
1 pc universal bosshead
1 pc universal clamp

Accessories:
1 pc 250 ml beaker
1 pc alcohol lamp
1 pc thermometer, -10°C to 100°C
1 pc stopwatch
Miscellaneous:
100 ml water
damp rags (as fire extinguisher)
matches

for 12 mm test tubes

FIG 7. TEST TUBE RACK

This TEST TUBE RACK can support different sizes of test tubes. The large
hole is for the 16 mm diameter test tube, while the smaller hole is for the 12
mm diameter test tubes. The slotted guide holes give observers
unobstructed view of the entire length of test tubes containing samples. As
a safety precaution, insert test tubes slowly through the holes, and do not
just drop these into the holes. For the maintenance guide see page 15.

grips

thermometer

handles

A TEST TUBE HOLDER is
for holding test tubes and
vials containing substances.

FIG 8. TEST TUBE HOLDER

beaker with 100 ml
water inside
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To use this equipment, simultaneously press the
handles of the test tube holder inward so the
arms would open, allowing the test tube to fit in
the grips. When the test tube is in between the
grips, slacken the hold over the test tube holder
and stop pressing the handle. This will clamp the
test tube in place. See the figure on the right.
Make sure the test tube is well- secured before
performing the experiment.
Bureau of Learning Resources
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EQUIPMENT HANDLING AND GENERAL SAFETY PRECAUTIONS
To prevent damage to laboratory equipment and prolong its use, equipment
must not be exposed to the following: A. Corrosive Chemicals; B. Heavy
Loads; C. Impact Forces
A. CORROSIVE CHEMICALS
With proper use, these equipment will have many years of use.
However, these are not immune to extreme conditions and abuse. High
concentration reagents easily react with metals and plastics. Should strong
acids or bases spill onto the equipment, wipe the exposed area with a wet,
but not dripping, rag. After the activity, disassemble the setup and wash the
affected parts with soap and water.
B. HEAVY LOADS
These equipment are capable of supporting any prescribed
experimental setup inside the laboratory. These items are ONLY designed
for mounting and fixing experiment setups. NEVER use them as carpentry
tools.
C. IMPACT FORCES
Rods and clamps can be unintentionally dropped on the floor during
some instances. Though the equipment is designed to withstand stress of
this kind, you have to be careful because your foot will likely get hurt when
hit by falling metal pieces.
General safety precautions when working with heated substances or using
an open flame are the following:
1) Use gloves or a rag when handling heated rods or clamps since
they conduct heat.
2) Keep parts that have rubber, plastic, or cork linings away from
direct flame.
3) Always keep a fire extinguisher readily available when performing
experiments that involve heating.
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Procedure:
1. Assemble the experiment setup as shown.
2. Pour about 20 ml water into the flask and 200 ml water into the beaker.
3. Insert the shorter end of the glass tubing into the hole of the rubber stopper.
4. Set the Erlenmeyer flask about 10 mm above the tip of the wick of the alcohol
burner. Use the universal clamp to hold the flask. See the figure in the
preceding page.
5. Insert the rubber stopper firmly into the mouth of the flask.
6. See to it that the free end of the glass tubing is well-immersed in the water
inside the beaker, but not touching the bottom.
7. Light the alcohol lamp and simultaneously start the clock. Observe the water in
the beaker keenly. You should start seeing bubbles rising in the water inside
the beaker after about 5 seconds. If after 10 seconds no bubbles are seen,
check the rubber stopper-flask connection and the glass tubing-rubber stopper
connection for possible leaks.
8. Bring the water inside the flask to boil for 1 or 2 minutes. After two minutes or
so of boiling, remove the burner and extinguish the flame. Continue making
observations for a few more minutes.
CAUTION: YOU ARE WORKING WITH HOT MATERIALS

EXPECTED RESULTS OF THE EXPERIMENT
1. Observation: Bubbles rise in the water about 5 seconds after lighting the
burner. Bubbles continue rising for several minutes more.
Explanation: These are air and water vapor initially occupying the space
above the water inside the flask, and trapped air within the water itself. They
are pushed outside due to the increased pressure inside.
2. Observation: Cloudy appearance in the wall of the flask seen several minutes
after heating.
Explanation: This is condensed water vapor.
3. Observation: Several seconds after the flame was extinguished, water inside
the beaker eventually flowed up in the flask.
Explanation:
a. Temperature inside the flask went down after the flame was put off.
b. The water vapor inside the flask condensed; the space they once occupied
was vacated, resulting in low pressure condition inside.
c. The difference between atmospheric pressure and reduced pressure inside the
flask resulted in net pressure that pushed the water from the beaker into the
flask. Hence water was flowing up from the beaker into the flask.
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SAMPLE EXPERIMENTS USING MULTIPURPOSE STAND-SETS

ASSEMBLY GUIDES :
vertical rod

I. Flowing Up
Purpose: To demonstrate that liquids flow from high to low pressure region.
Materials:
Stand setup I
1 pc stand rod, 9.5 mm X 250 mm
1 pc stand rod, 9.5 mm X 500 mm
1 pc stand base
2 pcs stand supports
1 pc universal bosshead
1 pc universal clamp

Accessories:
1 pc Erlenmeyer flask, 250 ml
1 pc beaker, 250 ml
1 pc bent glass tubing 900
1 pc rubber stopper w/ 1 hole
1 pc alcohol burner
1 pc stop watch

Stand Setup I is composed of:
1 stand base
1 pair of stand supports
1 stand rod 9.5 mm X 250 mm
1 stand rod 9.5 mm X 500 mm

vertical lock
screw to lock
horizontal rod

horizontal
lock screw to
lock vertical
rod

horizontal
support rod

Miscellaneous:
water
damp rags (as fire extinguisher)
matches

Stand Setup II is composed of:
2 stand bases
1 stand rod 9.5 mm X 250 mm
1 stand rod 9.5 mm X 500 mm
make sure rubber stopper
is firmly inserted into
mouth of flask

horizontal support rod
on same side of each
stand base

Erlenmeyer flask with
20 mL water inside

vertical
lock
screws

bent glass
tubing

beaker
with 200
mL
water
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Note that in both STAND SETUP I and STAND SETUP II, the horizontal
support rod (at the bottom) is always inserted through the hole of the stand
base where there is the vertical lock screw above (see drawing). To lock
all rods in place turn screws clockwise; turn in the opposite direction or
counterclockwise to unlock.
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Stand Setup III is composed of:
2 pcs-stand base
4 pcs-9.5 mm diameter rods
This configuration allows the
entire setup to be transported
without dismantling the attached
components. First make sure
that the rods are well-secured by
the lock screws before moving
the setup. Note that the vertical
lock screw on each stand base
should be on the same side. See
drawing on the left.

vertical lock screw of
each stand base should
be on the same side

UNIVERSAL CLAMP, UNIVERSAL BOSSHEAD ASSEMBLIES
The Universal Clamp can be
used to fix glassware in place.
The setup components can be
rotated and adjusted to
different positions. Partially
turn a screw counter clockwise
until it loosens and proceed
with the adjustments. Use your
bare hands to manipulate each
screw. Never use pliers or
similar tools to tighten these.

this screw fixes the
universal clamp
this screw fixes
the test tube

this screw fixes the universal
bosshead-universal clamp
assembly on the stand rod

Multiclamp Assembly
wing screw fixes the
platform in position

wing screw fixes the
multiclamp assembly
on the stand rod

Multiclamps can interconnect several rods and mount setup components
in different positions along the rod. Before the activity, see to it that all
components are locked in place by their wing screws (see drawing
above). To lock, turn the screw clockwise; to unlock, turn the screws
counterclockwise. To make adjustments, partially turn the screw
counterclockwise until it loosens. Slide the components to the desired
position.
Bureau of Learning Resources

The UNIVERSAL CLAMP can
also be used to hold a flask.
Reminder: Do not over tighten
the universal clamp screw
because it might break the
glassware.

The universal bosshead can
be used to connect one rod
after another to vary the set-up
length whenever needed.
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TO THE TEACHER
This edition of SciKit Mechanics experiment manuals goes with the change in the nomenclature
of NSTIC developed equipment. The naming of developed equipment was done by batches that were
called Batch A for basic equipment, Batch B for mechanics, while the next would be called Batch C,
and so on. To simplify naming and for quick identification, each equipment group is now directly
named for its application; thus SciKit Mechanics for mechanics equipment is how this equipment is
now known.
Please be reminded, however, that almost all experiments in the SciKit Mechanics equipment
require items found in the SciKit Basic kit. SciKit Basic items that are essential in mechanics
experiment setups are the stand base, stand support, multiclamp, universal bosshead, and stand rods.
All manuals have a teachers’ guide. But not all have student worksheets. The manuals that do
not have student worksheets are manuals on Newton’s First Law of Motion, Newton’s Third Law of
Motion, Momentum, and Pulley experiments. These activities are done as demonstrations except for
the pulley experiment, in which students, this time, will have to design their own experiment. In all
cases, the teacher should always be at the forefront to facilitate the development of the lesson. One
piece of advice for the teacher: Never use the manuals as cookbook recipes. Modify them whenever
necessary. Incorporate ideas learned in the pre-service and in-service training you have had.
The following are major differences between the teacher’s guide and student worksheets. The
teachers guide contains strategies for the development of the lesson. Student worksheets contain
detailed experiment instructions. Student worksheets have blank data and results tables. The teacher’s
guide contains sample data. Student worksheets contain problems; the teachers guide contains answers.
Please note that sample data found in teacher’s guides are taken from actual experiments using SciKit
Mechanics items. Student worksheets may be photocopied for use as group reference during an
activity.
Before students do an activity, it is necessary that the teacher conduct a quick demonstration to
give students an idea of how the experiment will be carried out. This should be done by the teacher
before he/she distributes materials to students. Always incorporate safety precautions in your
demonstration and pre lab discussion. See page v for safety guidelines. With regard to how much time
is allocated for an experiment, the teacher can be flexible.
If you have questions, queries, and suggestions please contact BLR Cebu. Our contact details
are found at the back cover of this manual.
We hope you enjoy doing experiments with your SciKit Mechanics equipment!
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SAFETY FIRST
SAFETY IN THE LABORATORY:
1. Never allow students to engage in horseplay inside the laboratory. A lot of accidents in the
laboratory are caused by horseplay.
2. Extra experiments can only be done with permission from the teacher. Never allow a student to
work alone in the laboratory as much as possible. If working alone inside the laboratory is
unavoidable, periodically check on the concerned student.
3. Make sure students understand the instructions in the activity sheets.
4. Never allow small children (toddlers) or pets inside the laboratory.
5. Instruct students to remove and keep safe any dangling jewelry. Pin, zip, tie, chip or when possible,
remove the article of loose clothing such as jackets and shawls. Enforce good grooming by having
loose long hair pinned back or tied back, or require also the use of hair nets or lab head scarves.
6. Work areas must be clean and free of unnecessary materials.
7. Make sure all apparatus assembly are firmly clamped.
8. Use only an equipment that is free from cracks, chips, and other defects.
9. Make regular inspection of items to note possible defects.
10. For experiments requiring connection to the main 220-volt outlet, look for exposed wirings, loose
contacts, cracked plugs, broken receptacles.
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ABOUT THE EXPERIMENT MANUALS
These experiment manuals are composed of two parts: teacher’s guide and student worksheets, except for some, which have
the teacher’s guide only as discussed earlier in the To The Teacher portion. The teacher’s guide and student worksheets
contain components, which are either common to both or exclusive to one. Items below describe each of the components.
1. TITLE
Both found in the teacher’s guide and student worksheets. This may be an explicit tag as Hooke's Law, or implicitly stated
as Motion I, which refers to uniform motion.
2. OBJECTIVES
Both found in the teacher’s guide and student worksheets and are written in behavioral terms. The teacher’s guide lists what
skills are to be developed in the students.
3. CONCEPTS
Found in the teacher’s guide only. These are brief summaries of each of the concepts in every experiment, which will be
derived in the conceptualization phase.
4. STRATEGY
Found in the teacher’s guide only. This contains suggested sequence of activities of what, when, and how, the teacher will
do.
5. MATERIALS/EXPERIMENT SETUP
Both found in the teacher’s guide and student worksheets. Contains complete list of all materials needed in every
experiment. Set-up drawing is included.
6. MEASUREMENTS, DATA, AND RESULTS
Both found in the teacher’s guide and student worksheets. The teacher’s guide contains sample data taken from actual
experiments. Student worksheets contain blank tables. Qualitative observations are presented in an interactive manner. The
teacher asks leading questions. Students reply.
7. INSTRUCTIONS
Found in student worksheets only. These contain steps on how to carry out the experiment. In some cases where necessary,
explanations are included, e.g., why this particular step in the experiment should be done.
8. DATA ANALYSIS
Both found in the teacher’s guide and student worksheets. Student worksheets contain guide questions. The the teacher’s
guide contains answers to the leading questions found in student worksheets. Furthermore, relationships between variables
are established in the data analysis.
9. CONCEPTUALIZATION
Found in the teacher’s guide only. This links analyzed data to concepts. Laws and principles are stated. It is important that
the teacher encourages discussions on how close students’ results are to expected values. Factors affectin0g results of the
experiments should be identified and ways to improve reliability of results should be discussed.
10. APPLICATION/EXCERCISES AND PROBLEMS
Found in the teacher’s guide and student worksheets. Student worksheets contain problems. The teacher’s guide contains
answers.
11. ASSIGNMENT
Found in the teacher’s guide and student worksheets. Students are presented with problems for which they come up with
experiment designs to solve the problem. The teacher’s guide contains some basic ideas on how to solve the problem.
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Measuring Distances
Objectives
After doing this activity, the students should be able to:
1. measure lengths of various objects in the metric system, by using a ruler and a meter tape;
2. convert English measurement values to metric

Skills
1. Estimating distances
2. Measuring distances in metric
3. Converting English units to their metric equivalents
Concepts
1. Physics uses measurement as an indispensable tool during experimentation. Measurement is a
process of quantifying objects and physical properties by expressing them in magnitude and units.
2. The Metric System, also known as S.I. (System Internationale), has been adopted by many countries
including the Philippines. However, some products are still being sold in English units like: 1 gal.
ice cream, 16-inch T.V., 1 horsepower pump, 7 cubic- feet refrigerator, etc.
3. Meter (m) is the basic unit for measuring distances in metric. The most common prefixes attached to
it in order to indicate a difference in value are the centi (c), milli (m), micro(~), & the kilo(K). The
conversion factors are as follows: 1 inch = 2.54 centimeter; 1 foot = 0.3048 meters;
1 mile = 1.61 kilometers
Strategy
Note: Refer to the student worksheet for materials the students have to bring with them to class.
1. Make students realize that measuring is a common process that is oftentimes done in an
unconscious manner. The following questions could awaken interest: How tall or how short are
you? How long is your ball pen? How far is your home from school?
2. Tell the students that the activity today will focus on the use of the Metric System. These
follow-up questions could help facilitate: What is your height in meters? How many
centimeters long is your ball pen? How wide is your house in meters?
3. Distribute materials to students.
4. Let them do Activities I, II, and III. Inquire about their results. Guide them by doing some
corrections if necessary.
* Inform students that they may keep the improvised measuring devices for themselves.

Teacher’s Guide–Measuring Distances (1 of 2)
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Materials
to be brought by students:

Equipment

1 pair of scissors
1 tin can, cleaned, any size
1 one-peso coin, any issue
1 notebook
1 tube paste
1 ruler (w/inches & cm)

1 meter tape
1 stand rod, 500 mm
1 lever bar/beam
1 ring with stem

Activity I
LINE
length (cm)

b
3.5

a
1.0

c
2.3

d
10.8

e
0.5

Activity II
ENGLISH
METRIC

3 inches

4.2 ft.

12 inches

1.8 ft.

15 inches

0.5 mile

7.62 cm

1.28 m

30.48 cm

55 cm

38.1 cm

0.81 km

Activity III
lever
l = 42.1 cm
w = 19 mm

stand rod
d = 9.5 mm
l = 50.0 cm

Sample Answers to Exercises/Problems
*

Some volunteers may be called to share their findings for Application Nos. 1, 2 & 3.
Make sure that you have the correct measurements for application no. 1 so that you can
direct the students to the acceptable results.
5. By conversion, the tree will have a height of 12.19 meters.
6. By conversion, Johnny's height will be 2.18 meters.
7. No, because the truck's height is 4.29 meters (with van); vertical clearance of the
overpass is only 4.27 meters.

Teacher’s Guide–Measuring Distances (2 of 2)
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Measuring Time
Objective
After doing this activity, the students should be able to:
measure elapsed time using common time measuring devices like a wristwatch and a stopwatch
Skills
1. Estimating short time intervals
2. Measuring time
3. Converting units of time
Concepts
1. TIME is a fundamental quantity in Physics. It can be understood as lapse time or as
instantaneous time.
2. Lapse time means the duration of an event from its start to its end. A typical question is, "How
much time...?" The answer requires a statement about a certain magnitude followed by units of
seconds, minutes, hours,...etc.
3. Instantaneous time means the time at a designated moment. The typical questions are: "What time
is...?" or, "When ..?" The answer requires a statement like 10 o'clock a.m., or on March 2, 1999…,
or 5 minutes after take off…
4. The Metric System uses the unit second (s) as a basic unit of time; it could be converted, e.g., into a
thousandth of a second as in millisecond or as a millionth of a second, as in a microsecond.
Other units are also used in daily life like:
1 min. = 60 seconds
1 day = 24 hours
1 hour = 60 minutes
1year = approx. 365.25 days
Strategy
1. Announce that you are going to have a contest among the students: the first one to finish making and
to submit a paper boat or a paper plane will receive a prize. Ask the winner how much time it took to
finish the paper toy.
2. Tell the students to hide their watches. Order them to stand up when they think exactly one minute
has passed. Use a stopwatch to see who comes closest, and acknowledge the student who estimated
the closest time lapse.
3. Now, instruct them to work in pairs, and let each one in the pair take turns in estimating a
15-second time lapse. Afterwards, allow time for sharing of experiences in estimating time lapse.
4. Let the students do Activity I.
Demonstrate how to determine one cycle of swings. Guide them to discover after they have done the
measurement that in order to avoid difficulty of measuring the short time of a swing, two

Teacher’s Guide–Measuring Time (1 of 2)
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methods may be used: increase the number of swings or secure a better measuring device. Instruct
them to apply only the first method. Also, explain the advantage of doing three trials or more and of
computing the average value.

5. Let the students do Activity II.
After this activity, emphasize that a better measuring device like the stopwatch is the
only solution to overcome the difficulty in quantifying time of split second intervals. Distribute
the stopwatches and demonstrate how to use them. Instruct them to answer the
short exercise on stopwatch readings:

Answers :
a. 18.87 seconds
b. 6 mins. 4.67 seconds
c. 30 mins. 30.50 seconds

Materials
To be brought by students:
1 pair of scissors
2 notebooks
1 rubber eraser
1 m crochet string
1 wristwatch

Equipment:
1 meter tape
1 hooked mass, 20g
1 electronic digital stopwatch
1 dynamics cart
2 rails (rods undersized on ends)
2 stand bases

Sample Answers to Exercises/Problems
1. Usually, teenagers can hold their breath between 30 seconds to 2 minutes.
2. Very often, the pulse rate of young people lies between 60 to 80 beats per minute.
3. 16 years=approximately 504 921 600 seconds.
4. Time of travel of cart in setup No. 1 is approximately 3 seconds. Time of travel of cart in setup
No.2 is approximately 2 seconds.
5. The approximate length for the pendulum to make one cycle for two seconds is exactly
0.99 meters; but the teacher may accept the approximate value of 1 meter.
Teacher’s Guide–Measuring Time (2 of 2)
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Measuring Mass & Weight
Objective
After doing this activity, the students should be able to:
measure mass and weight of various objects using appropriate measuring devices

Skills
1. Estimating mass and weight
2. Using appropriate measuring devices

Concepts
1. One type of force is weight, the force due to gravity. The weight of a body indicates how "strong"
a body pulls from its point of suspension, or pushes on its support; it can be measured by a spring
balance. Weight depends on the location where it is measured:
*At sea level, a body with a mass of 100 g has a weight of 0.981 N; a rough conversion factor
would be 100 g mass corresponds to a force of 1 N; and 1 kg is corresponds to 10N.
* On a mountain top, a body has a somewhat lesser weight than at sea level; on the moon, the
weight of a body is about 1/6 its weight on the earth’s surface.
The metric units for weight are Newton (N), millinewton (mN), and kilonewton (kN).
The concept of force will be deepened in Newton' s second law of motion experiment.
2. Mass is a special property of any object. The mass of a body indicates how much matter the body
contains; it can be quantified using balances. Unlike weight, mass is independent from the
location where it is measured. Based on the standard mass stored in Paris, the metric units used
for mass are gram, milligram, kilogram, and ton.
3. In everyday life, mass and weight are often confused as one and the same. To point out a
fact, we buy meat in kilograms (kg) but refer to this unit as weight.

Teacher’s Guide–Measuring Mass and Weight (1 of 2)
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Strategy
1. Introduce the concept of mass and weight by placing two objects on the table. An example is
the multiclamp, which has a 130 g mass and the lever beam, which has a mass of 130 g also.
2. Let students compare each object based on their masses and weights. Then, have a
brainstorming session on students' ideas about mass and weight. Give background
information on mass and weight; but tell them that the main goal of this module is to
develop the skill of measuring mass and weight and not the full understanding of these
properties.
3. Demonstrate and explain to the students how to use the single pan balance and the spring
balance.
4. Distribute the materials to the students. Let them rank the first four listed equipment in the
order of increasing mass (friction block, multiclamp, pulley, and lever beam). Then, ask
them to verify their ranking by answering Table 1.
Equipment

Approximate Mass

a. Single pulley
b. Multiclamp
c. Lever beam

75 g
130 g
130 g

d. Friction block

240 g

4. Guide the students on how to complete Table 2.
5. Let them do instruction No.7 in the activity sheet.
Equipment

Setups

1 friction block
1 multiclamp
1 single pulley
1 lever beam
1 spring balance, 2N
1 spring balance, 5N
1 triple beam balance

Sample Answers to Exercises/Problems
1. His weight will be 1003.29 N.
2. On Earth: Fg = 608.2 N; in outer space: mass = 62 kg; Fg = 0; on the moon: mass = 62
kg; Fg = 101.4 N
3. Yes, the total load of the ship would then be 5,004,000 kg or 5004 tons!
4. 4.1 kg.
5. None, the weight of pork is zero in a zero-gravity environment.

Teacher’s Guide–Measuring Mass and Weight (2 of 2)
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Hooke’s Law
Objectives
After doing this activity, the students should be able to:
1. state the relationship between force F and elongation l for springs and rubber bands;
2. explain their difference in elasticity
Skills
1. Measuring force and elongation
2. Graphing data
3. Analyzing data and graph

4. Deriving formula
5. Applying new knowledge

Concepts
1. The amount of stretch or compression of an object depends on the force applied on the
object. If the force is increased, the deformation is increased proportionately.
2. For springs, Robert Hooke discovered that the magnitude of the stretching or compressing is
directly proportional to the force applied.
3. This proportionality relationship holds true only if the force applied on the elastic object
does not exceed the object's elastic limit. Hooke's Law is applicable generally to all solids
including wood, steel, and bones.

Strategy
1. Develop the concept of elasticity by showing students some elastic and some inelastic
objects; emphasize their differences.
The following questions can be useful:
a. What is needed for these objects to expand?
b. What happens to these objects if the applied force is increased?
c. How can we measure the force applied?
d. How can we measure the elongation or compression of the objects?
2. Inform the students that in this experiment, only two objects will be tested:
spring and rubber band.
3. Distribute the materials to the students.
4. Let them assemble the setup and perform the experiment by following the instructions.
Assist the students in assembling and doing the experiment as you go from one group
to another.

Teacher’s Guide–Hooke’s Law (1 of 3)
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Experiment Setup

Equipment
1 stand base
2 stand supports
1 stand rod, 12.7 X 1000 mm
1 stand rod, 9.5 X 500 mm
1 stand rod, 9.5 X 250 mm
1 multiclamp
1 meter tape
1 C-clamp with hook
1 extension spring
1 disk pointer assembly
5 hooked masses, 20 g
1 rubber band, thin

Measurements
Mass (g)

Force (N)

0
20
40
60
80
100

 0
 0.20
 0.40
 0.60
 0.80
 1.00

Helical Spring
Elongation
F/Δl
(N/cm)
l (cm)
0
1.8
3.6
5.4
7.2
9.0

Rubber Band
Elongation
F/Δl
(N/cm)
l (cm)

0.11
0.11
0.11
0.11
0.11

Data Analysis

0
0.4
0.8
1.3
1.7
2.1

0.50
0.50
0.46
0.47
0.48

RUBBER
BAND

SPRING

F

(N)

1. After making them perform the
0.10
1.0
experiment, give the students time to
0.90
analyze their data. Help them in
0.80
analyzing the data as you go from one
0.70
group to another.
0.60
2. For a final analysis, prepare two tables
0.50
and make 2 grids on manila paper (or
0.40
graphing board); call two
0.30
representatives to make a report about
0.20
their findings for the spring and the
0.10
rubber band, respectively.
3. Emphasize the following results:
1
2
3
4
5
6
7
8
3.1 Data collected for l shows an
l (cm)
increase for every increase in F.
3.2 Because the ratios calculated are constant, l is directly proportional to F.
3.3 Because both graphs are straight lines crossing the origin, l is directly
proportional to F.
Teacher’s Guide–Hooke’s Law (2 of 3)
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3.4 The calculated ratios and slopes of the graphs respectively, are different for the
spring and the rubber band.

Conceptualization
l. After analyzing the graph, we can conclude the following:
 Calculated ratio can be written as equations
F
l
F
l


= k1

for the spring
or in general

=

F = k
l

k2 for the rubber band

The slopes of the graphs can be expressed also as equations :
F = k
1
l

F
l

= k2

1. The constants k1 and k2 describe the elasticity of the spring and the rubber band respectively.
These constants are named elastic constants.
2. Raise this question: What happens if a rubber band is loaded with more and more
mass? Demonstrate an experiment in which the heavy pieces of hooked mass (2 x 250 g and
1 x 500 g) are suspended on the rubber band until it breaks.
Explain to them that right before it breaks, it doesn't obey Hooke's Law anymore. The range
where the rubber band stretches proportionally with force is the range within the elastic
limit.

Sample Answers to Exercises/Problems
1. Some of the objects that illustrate Hooke's Law are: doorspring, spring balance, hair band,
bathroom scale, foam mattresses, bed springs, etc....
2. Because of the direct proportionality between force and elongation of a compressed spring,
one (1) kg. of fish compresses the spring by 0.75 cm.
3. a) Each of the combined rubber bands in parallel will be stretched 3 cm.
b) The elastic constant (d) of the rubber bands is 5 N/cm.
4. Request some students to give an oral report on elastic limits, e.g., the deflections
or bending of thin, long bars like rulers or branches are proportional to the force applied.
5. A spring with an elastic constant of 0.6 elongates by 1.5 cm after a load is suspended on
it. Compute the force of the load.
Answer: 0.9N

Teacher’s Guide–Hooke’s Law (3 of 3)
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Factors Influencing Friction Force
Objective
After doing this activity, the students should be able to:
discover and describe factors that have an influence on force of friction
Skills
1. Formulating an assumption
2. Gathering Data
3. Analyzing Data
4. Verifying the assumptions

5. Making a generalization
6. Reporting and sharing of findings
7. Applying new knowledge

Concepts
1.The area of contact of sliding surfaces has practically no influence on friction.
2. Rough surfaces generally offer greater kinetic friction force than smooth ones.
3. The greater the weight of an object, the greater the kinetic friction force.

Strategy
1. Review students on the general idea of friction, like characteristics, nature, and kinds of
friction. (But don’t discuss yet its influencing factors).
2. Distribute equipment to each group.
3. For a few minutes, let students manipulate the distributed equipment. Guide them to come
up with ideas on what could have an influence on friction force. Collect all assumptions.
4. Explain to students that the method to apply for further investigation is, always, to vary only
one factor at a time. Each assumed factor must be varied and it has to be observed keenly if
ever it influences friction force. Identify three assumed factors (area, nature of surfaces,
weight) to be investigated. Make students understand that if there are more assumptions,
more experiments have to be done. And to be efficient with time, it is enough to do the
following:
Group I & II to work on Experiment A-Assumption: Weight
Group III & IV to work on Experiment B-Assumption: Nature of Surface
Group V
to work on Experiment C-Assumption: Area of Contact
5. Distribute worksheets to students by groups and let them do their respective experiments.
Closely monitor each group.
6. Reporting and sharing of results: Call one or two representatives from each group to report
to the class what they did and what they found out in their respective groups.
7. Make a summary of the groups’ findings.

Teacher’s Guide–Factors Influencing Friction Force (1 of 3)
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1.6

2.3

5.1

7.6

Teacher’s Guide–Factors Influencing Friction Force (2 of 3)

1. The greater the weight, the
greater the friction force,
all other factors are constant.

Data Analysis

2.6

Kinetic
Friction (N)
0.8

Weight (N)

Measurements

0.6
1.2
1.0

Wood on Wood
Rubber on carpet
Wood on carpet

1. Force of friction varies with
different surfaces in contact,
all other factors are constant.

Kinetic
Friction (N)
1.3

0.7

Kinetic
Friction (N)
0.7

1. Area of surface in
contact does not influence
force of friction, all other
factors are constant.

Big

Size of Contact
Area
Small

Figure C-1

Figure B-1

Figure A-1

Surfaces in
Contact
Rubber on wood

1 spring balance, 5N or 10N
1 friction block
1 friction board

1 spring balance, 5N or 10N
1 friction block
1 friction board

1 spring balance, 5N or10N
1 friction block
1 friction board
2 hooked masses, 250g

Equipment

Experiment C: Friction and Area

Experiment B: Friction and Nature
of Surface
Equipment:

Experiment A: Friction and Weight
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Conceptualization
Make students be aware that:
1. Two factors influence force of friction. These are:
a) Nature of surfaces in contact. There are ways of varying and altering surfaces.
One is by applying lubricants.
b) Weight of the object. The greater the weight, the greater is the force of friction.
2. The area of contact of sliding surface does not influence force of friction if all other
factors are kept constant.
Sample Answers to Exercises/Problems
Experiment A. As far as reducing friction is concerned, both solutions are correct. If some load
is removed, the weight of the carton would be reduced. If the carton is lifted,
somehow, the normal force pressing the two surfaces would be reduced also,
thereby decreasing friction force between the carton and the floor.
Experiment B. They could try spreading the mat across the floor and let the box slide over it and
find out if, as it is hoped, there is any decrease in the force they have to exert. It could be
quite the opposite.
Experiment C. Since the size of contact area does not affect friction force, the same amount of
force has to be exerted whichever side is in contact with the floor.

Application/Evaluation
1. What factors influence force of friction?
2. To keep moving parts of the bicycles, machines, and the like in fine shape, it is essential
to lubricate them regularly. How do lubricants function in this situation?
3. Two identical motorcycles are loaded differently. Motorcycle A is loaded with
the driver only and motorcycle B with an entire family. Compare the friction force between the
two motorcycles’ wheels and the road.
Answers:
1. Weight and nature of surfaces influence force of friction.
2. Lubricants alter the surface of contact, in this case, from steel against steel to oil against
oil, thereby decreasing friction.
3. The whole family has greater weight than the single passenger. Therefore, the friction force of their
motorcycle’s wheels with road is greater than that of the single passenger’s motorcycle.

Teacher’s Guide–Factors Influencing Friction Force (3 of 3)
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Motion I
Objectives
After doing this activity, the students should be able to:
1. describe uniform motion from measurements of distance traveled and time of travel by an object;
2. state a relationship between distance and time for uniform motion;
3. calculate speed of a moving object

Skills
1. Measuring distances and time
2. Tabulating data
3. Analyzing data

4. Making generalizations
5. Applying new knowledge

Concepts
1.
2.

An object moving with uniform speed covers equal distances over equal time intervals. That means
t is directly proportional to d (d α t); their ratio is constant.
A straight distance vs. time graph from the origin shows uniform motion. Its slope is equal to the
speed of the object during its motion. If the graph is a straight line, the slope of the graph is
constant. This means the speed of the object is constant.

Strategy
1. Instruct students to list on a piece of paper 5 things they see around them.
2. Collect 10 things from the students' lists and evaluate which are moving and which are not.
3. Point out to students that for the activity today, they will investigate one type of motion.
4. Distribute materials and worksheets to students. Assist them in doing the experiment as you
go from one group to another.
5. After doing the experiment, give students enough time to analyze their data and to make
necessary calculations. Give them guidance and assistance at this stage also.
6. Use the results from one group as an example, post it on the board and discuss with the class.
Stress the following points to students:
a) the ratio d
b) the shape of the resulting graph
t
c) what the slope of d vs. t graph represents. Show how to get the slope of the graph
7. Make a summary of the concepts.
8. Students might need help to answer sub problems f and g of problem 2 in the Evaluation
portion (p. 20). This may be given as an assignment and springboard for a discussion of
average speed.
Teacher’s Guide–Motion I (1 of 5)
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trial 2

0
4.2
6.7
8.8
10.7
13.5
14.8
17.4

trial 1

0
4.6
6.4
8.7
11.0
12.9
15.5
18.1

Time t (s)

0
4.3
6.6
8.8
11.1
13.4
15.7
17.7

trial 3

Average
d/t
Time t (cm/s)
(s)
0
4.4
4.5
6.6
4.5
8.8
4.5
10.9
4.6
13.3
4.5
15.3
4.6
17.7
4.5

Teacher’s Guide–Motion I (2 of 5)

Analysis:
1. As the distance doubles, time also doubles.
As the distance triples, time also triples.
2. The ratio of distance d and time t is constant

Note: These values are not meant for replication in students’ experiments.
They are mainly used as samples and for discussion purposes.

Distance
d
(cm)
0
20.0
30.0
40.0
50.0
60.0
70.0
80.0

Measurement

2 stand bases
1 motorized cart
1 electronic digital stopwatch
2 rails (rod undersized on end)
1 NSTIC meter tape
1 leveling pad
1 pc chalk

Equipment

Figure 2

1. The graph of distance d and time t is a straight line
2. The calculated slope is more or less equal to the
computed ratios in Table 1.

Graph

Setup
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Conceptualization
This conceptualization has two combined goals:
a) focus on uniform motion;
b) focus on direct proportionality relationship
1. If the ratio between two quantities, in this case distance and time, is constant, we call the relationship
as direct proportionality relationship.
2. The constant ratio between distance and time,
d
= constant
t

is defined as

The most common units are

or

d
= k
t

d
= speed
t

d
= v
t

or

cm , m , km .
s
s
h

3. If an object is moving with constant velocity, the motion is uniform.
4. If a graph of 2 quantities like d and t is a straight line from the origin, the 2 quantities are directly
proportional. In symbols, d α t .
5. The slope of d against t graph is equal to the speed an object moves.
6. A straight d vs. t graph shows uniform motion.
Sample Answers to Exercises/Problems
d 100m
m

 0.67
t
150s
s
d 50m
m
Tita’s speed is: v  
 0.67
t
75s
s
Cherry and Tita walk with the same speed.

1. Cherry’s speed is: v 

km
h
t = 12 minutes = 0.2 h

2. Given: v  30

Find d:

Solution:
d
t
d  vt

v

km
(0.2h)
h
d = 6 km

= 30

3. There are times when you travel in uniform motion like when walking along the
sidewalk. Sometimes too, you stop for few minutes before crossing a street. In the
entire journey, you never travel with uniform motion.

Teacher’s Guide–Motion I (3 of 5)
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Evaluation
1. Which graph(s) below show(s) constant speed?
a)

b)

c)

d

d
t

t

t

2. The motion of an object is shown in the graph below. Analyze the graph and answer the questions
that follow.
125

d (meter)

100
75
50
25

0

1

2

3

4

5

6

7

8

9

10

t (minutes)

a) Is the speed of the object constant?
b) At what time interval(s) is the object moving with constant speed?
c) What happens to the object from time t = 3 minutes to time t = 5
minutes? Explain your answer.
d) At which time interval is the object moving the fastest?
e) What is the total distance traveled?
f) Calculate the average speed of the object.
g) Tell a story based on this graph. Hint: It could be your motion from
school to your house.

Teacher’s Guide–Motion I (4 of 5)
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Sample Answers to Exercises/Problems
1. Graph (b) shows a constant speed.
2. Answers to questions:
a) The speed is not constant
b) 0 - 1 minute, 1 - 3 minutes, 5 - 5.5 minutes
c) The object comes to rest. The slope equals zero!
d) At 5 - 5.5 minutes
e) Total distance = 125 meters
Time elapsed = 5.5 minutes
f)

v = d / t = 125 m / 5.5 min = 22.73 m/min
or v = d / t = 125 / 330 s = 0.38 m/s

g) From school you walk mindlessly covering a distance of 50 meters in one minute.
A friend along the way joins you. He’s got interesting news so that, as he was
telling you about this, both of you began to walk very slowly (25 meters in 2
minutes). The story became so interesting that you both stopped walking in the next
two minutes. Suddenly, the rain started pouring and both of you had to hurry home.
In your case, you traveled the remaining 50 meters in 30 seconds.

Teacher’s Guide–Motion I (5 of 5)
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Motion II
Objectives
After doing this activity, the students should be able to:
1. describe accelerated motion of an object;
2. state the relationship between:
a) distance traveled and time elapsed;
b) speed and elapsed time of uniformly accelerated motion;
c) calculate acceleration
Skills
1. Measuring distances and time
2. Tabulating data
3. Analyzing data

4. Making generalizations
5. Applying new knowledge

Concepts
1. Motion that changes in velocity is described as accelerated motion.
2. Acceleration is the rate of change in velocity. Uniform acceleration refers to constant
change in velocity over equal time intervals.
3. A parabolic distance vs. time graph shows uniform acceleration.
4. A straight instantaneous speed vs. time graph characterizes uniform acceleration. Its slope
is equal to the acceleration of the object during its motion.
Strategy
1. Recall with students the list of things that move, which they came up with in Motion I.
2. You may write on the board examples of motion, which are accelerating like an airplane
running on the runway before take-off, or a ball rolling downhill.
3. Point out to students that there is something different in these motions from the motion
which they already have investigated.
4. Distribute materials and worksheets to students and closely monitor each group as the experiment is
going on. Also give guidance as they analyze their respective data.
5. Use the results of one group as examples and post it on the board. Emphasize to students the
different ratios and the different graphs, together with their corresponding relationships:
The ratios between:
distance d and time elapsed t
distance d and square of time elapsed t2
The resulting graphs:
distance d vs. time t
distance d vs. time squared t2
instantaneous velocity v vs. time t
6. Make a summary of the results presented. See Conceptualization.
Teacher’s Guide–Motion II (1 of 6)
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Equipment

Setup

1 dynamics cart (without spring)
1 electronic digital stopwatch
2 stand bases
2 rails (rods undersized on ends)
1 meter tape
1 pc. chalk
Figure 1

Measurement

Distance, d
( cm )

Table 1

Trial
1

Time, t
(s)
Trial Trial
2
3

Average
t (s)

Average
Time
Squared
t2
(s2)

Average
Velocity
Vave
(cm/s)

Final
Velocity

Vf/t

d /t2

(cm/s/s)

(cm/s/s)

Vf = 2(Vave)
(cm/s)

0

0

0

0

0

0

-

-

-

-

20.0

1.7

1.6

1.7

1.7

2.9

11.8

23.6

13.9

6.9

30.0

2.1

2.1

2.0

2.1

4.4

14.3

28.6

13.6

6.8

40.0

2.5

2.3

2.4

2.4

5.8

16.7

33.4

13.9

6.9

50.0

2.6

2.7

2.7

2.7

7.3

18.5

37.0

13.7

6.8

60.0

2.9

3.0

3.0

3.0

9.0

20.0

40.0

13.3

6.7

70.0

3.1

3.2

3.2

3.2

10.2

21.9

43.8

13.7

6.9

80.0

3.5

3.4

3.3

3.4

11.6

23.5

47.0

13.8

6.9

Note: These figures are not meant for replication in students’ experiments. They are used mainly as samples and for discussion
purposes.

Analysis
1. As distance doubles, time squared also doubles.
As distance triples, time squared also triples.
2. Distance d and the time squared (t2) have a constant ratio.
3. The ratio of vf and t is constant. This ratio equals the acceleration of the object.
4. The ratio of vf is twice the ratio of d/t2.
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5.0
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1. d vs. t graph is a parabola.

2

6

t2 (s2)

4

40

5.8

slope 

2

t2 (s2)

8 10 12 14 16 18 20

t  5.8s
2

d  40cm

2

t 2

d

slope  6.9 cm s

B) d vs. t2

1. d vs. t2 is a straight line graph.

0

0

4.0

10

10

3.0

20

2.0

30

40

50

60

70

80

90

100

20

1.0

A) d vs. t

d (cm)

30

40

50

60

70

80

90

100

Analysis

d (cm)

Graphs

vf (cm/s)

(s)

1.0

2.0

t (s)

3.0

t  1.5s

t

4.0

5.0

v f  26 cm s

v f

slope  13.8 cm s 2

t
20 cm s

1.45s

slope 

1. vf vs. t graph is a straight line.
2. Slope of vf vs. t graph equals the acceleration.
3. Slope of vf vs. t graph is twice the slope of
d vs. t2 graph.

0

10

20

30

40

50

C) vf vs. t
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This background information is to be discussed with students on
how they came up with calculations and values they entered in the Table.
Background Information:

The acceleration of an object along a straight line is defined as the change in speed divided by the
elapsed time during which the object changed in speed.

a

v f  vi

t
where :

a = acceleration
vf= new speed of the object
vi= previous speed of the object

the subscripts f and i denote final and initial respectively.
If the object was initially at rest (as in the experiment)
vi  0

and the acceleration becomes
a

vf
t

The average speed of a uniformly accelerated object can be calculated in the
following ways:
1. In terms of total distance traveled divided by the time
vave 

d
t

2. In terms of final and initial speed divided by 2

vave 

v f  vi
2

If the object started from rest (as in the experiment)
vi  0

average speed becomes
vave 

vf
2

or

the final speed can be calculated as:
v f  2v ave

Teacher’s Guide–Motion II (4 of 6)
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Conceptualization
This conceptualization has three combined goals:
a) focus on uniform acceleration
b) focus on proportionality relationship
c) focus on proportionality square relationship
1. If the ratio between two quantities like vf and t is constant, the relationship is direct
proportionality.
2. If the ratio between 2 quantities is constant, in which one quantity is the square of its original
value like d and t2, we call the relationship as direct square proportionality.
3. The constant ratio between final velocity vf and time t
vf

= constant

t

gives the value of
vf

= acceleration

t

The unit of acceleration is a unit of speed divided by the unit of time. Some examples are:
1) cm/s/s or cm/s2
2) m/s/s
or m/s2
3) km/hr/s
4. The ratio between vf and t is twice the ratio of d and t2.
vf
t

2

d
t

2

but

vf

a

t

So, therefore a 

2d
t2

. This is one way of expressing acceleration in terms of distance

traveled and time of travel.
5. If a graph of 2 quantities like vf and t is a straight line from the origin, the 2 quantities are directly
proportional. In symbols, v f  t. The slope of vf against t graph is equal to the acceleration.
6. If a graph of 2 quantities like d and t is a parabola, the relationship is a direct proportionality
square. Plotting d against t2 will result in a straight line graph. In symbols, d t 2 . the slope of d
vs. t2 graph is one-half the slope of vf vs. t graph.
d
2

But

t
v f

t
d
t 2



1 v f
2 t

 a so


1
a
2

or

d
t

2



1
a
2

Note that this is the similar relationship obtained earlier.
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Sample Answers to Exercises/Problems
1. The acceleration of the jeepney is: a = v = 30km / h = 6 km/h/s
t

5s

2. The jeepney’s speedometer needle turns clockwise at uniform motion.
3. If you are a passenger of the above mentioned jeepney. (More discussions in free fall
and Newton’s 1st and 2nd laws of motion).

Evaluation/Application
1. Which of the graph(s) below show(s) accelerated motion?
a)

b)

d

c)
d

a

t2

t

t

2. A ball rolls downhill with a uniform acceleration of 2 m/s2. If it started from rest, what will
its speed be after:
a) 1 second ?
b) 2 seconds ?
c) 3 seconds ?
3. A bus starting from rest is uniformly accelerated at 5 m/s2. How far will the bus go after 3
seconds?
Answers:
1. All the graphs, a, b, and c show accelerated motion.
2. a) 1 second b) 2 seconds c) 3 seconds -

2 m/s
4 m/s
6 m/s

3. Given: a = 5 m/s2 , t = 3 s
Find: d
Solution:
a = 22d
t

d =
=
d =
Teacher’s Guide–Motion II (6 of 6)

1 2
at
2
1  5m 
2

3s 
2  s2 

22.5m
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Motion III
Objectives
After doing this activity, the students should be able to:
1. describe the motion of a free-falling object;
2. state the relationship between;
a) distance traveled d and time elapsed t;
b) velocity and elapsed time of a free-falling object;
3. calculate the acceleration of a free-falling object
Skills
1. Measuring distance and time
2. Tabulating data
3. Analyzing data

4. Formulating equations
5. Applying new knowledge

Concepts
1.
2.
3.
4.

A free-falling object moves with a constant accelerated motion.
The parabolic distance d and time t graph shows a constant acceleration.
The straight-diagonal distance d and time t2 graph shows a constant acceleration.
The straight-diagonal velocity v and time t graph shows a constant acceleration. Its
slope is equal to the acceleration called acceleration due to gravity g .On earth, the rough
value of g is 9.81 m/s2 regardless of the mass of the object and air friction is negligible.
5. The plotted graphs between d and t, d and t2 and v and t relate to an object moving with
constant acceleration.
Strategy
1. Review students on some ideas about Motion II.
2. Show an example of an object, which fall freely, e.g., a tennis ball. Let them observe
and predict its motion.
3. Collect their answers to be verified later.
4. Distribute materials and worksheets to each group and assist each group during
experimentation. Have three groups work on different balls (big metal ball, plastic ball,
small metal ball).
5. Monitor and give them hints in making data analyses. (Refer, to the method used for
analyzing data in Motion II.)
6. Call on the three groups, each working on one kind of ball, to report their results to
class.
7. Compare results obtained by other groups working with similar balls. Let them discuss
similarities and differences of results obtained.
8. Proceed with the development of the concept. See conceptualization section.
Teacher’s Guide–Motion III (1 of 6)

Page 28

DepEd-BLR Cebu

Equipment

Setup

Batch A:
1 stand base
2 stand supports
1 stand rod, 12.7 X 1000 mm
1 stand rod, 9.5 X 500 mm
1 stand rod, 9.5 X 250 mm
3 multiclamps
Free-fall apparatus:
1 solenoid
1 pad switch
1 synchro-box
1 electronic digital stopwatch
1 meter tape
1 pointer (slide)
1 set metal, plastic balls

solenoid
slide pointer

meter tape

pad switch
stop watch

How the Setup Works

1. The time it takes for an object to
fall at short distances is too fast
that human beings are not able to
measure the time of fall using a
stopwatch. Therefore to fulfill the
task, the set-up shown in Fig. 1
uses an electronic timing system.

synchro box

Figure 1

2.

As soon as the push button switch is shortly pushed the solenoid circuit is switched off. That
means the ball will fall and simultaneously the stopwatch starts counting the time. As soon as
the metal ball hits the pad switch, the stopwatch stops counting time.

Measurements
Table 1. Sample Data for the Metal Ball’s Time of Fall at Different Heights

Distance d
(cm)
Trial 1
0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
Teacher’s Guide–Motion III (2 of 6)

0
0.22
0.25
0.28
0.32
0.34
0.38
0.41

time t
(s)
Trial 2
Trial 3
0
0.11
0.25
0.28
0.31
.035
0.37
0.40

0
0.19
0.25
0.28
0.32
0.35
0.38
0.41

average time squared
tave2 (s 2 )
average time
tave (s)
0
0.21
0.25
0.28
0.32
0.35
0.38
0.41

0
0.04
0.06
0.08
0.10
0.12
0.14
0.17
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Data Analysis

distance (cm)

1. The graph of d vs. t is a curve going
upward starting from the origin.
The values of distance increases faster
than the values of time.

100

50

0

0.25
time (s)

0.5

Figure 2 : Graph 1
DISTANCE-TIME GRAPH OF A FREE-FALLING OBJECT

3. Slope = d = d  500 cm/s2
t 2
t2

100

distance (cm)

2. Plotting d against t2 graph, the dots
lie close to a straight line. The
distance d is proportional to the time
squared t2. In symbols, d  t2 or
d = k t2 where: k, the proportionality
constant, is the slope of the line graph.

slope  500 cm s 2
d  50cm

50

t 2  0.1s 2
0
0.1
2

0.2
2

time (s )
Figure 3 : Graph 2
DISTANCE-TIME SQUARED GRAPH OF
A FREE-FALLING OBJECT
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4.

Table 2

distance d
(cm)

t ave
(s)

v ave 

d

v f  2v ave

t ave

(cm/s)

(cm/s)

0
95.2
120.0
142.9
156.3
171.4
184.2
195.11

0
190.4
240.0
285.8
312.6
342.8
368.4
390.2

400

(cm/s)

0
0.21
0.25
0.28
0.32
0.35
0.38
0.41

300

vf

0
20.0
30.0
40.0
50.0
60.0
70.0
80.0

200

slope  955 cm s

v f
 220 cm s

100

0

2

t  0.23s

0.1

0.2

0.3

tave (s)

0.4

0.5

Figure 4 : Graph 3
VELOCITY-TIME GRAPH OF FREE-FALLING OBJECT

5. Plotting final velocity vf against time tave: the dots also lie close to a straight line. Final velocity vf is directly
proportional to average time tave. In symbols v f  tave or v f  ktave , where k, the proportionality constant, is
the slope of the graph. The slope of the graph gives the value of the acceleration of the ball in the experiment.
v f
Slope =
 955cm / s 2
tave
6. By comparison, the slope of d vs. tave2 graph is about one-half the slope of vf vs. tave graph:
v
d
= 1 f ; but v f  a
2
2 t ave
t ave
t ave
d

so

t ave

2

1
 a;
2

or

d 1
 a
t2 2

for freely falling objects: a = g
so d  1 gt 2 ; where g is the acceleration due to gravity
2

7. A freely falling object near the earth’s surface moves with a constant acceleration of 981 cm s 2 or 9.81 m s 2 ,
the average theoretical value of the acceleration due to gravity g.
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Conceptualization
1. Make the students aware of the expected results before making a summary of concepts.
2. Review them on the results of the previous experiment in Motion II. Establish a link between
the results obtained in this experiment and the results obtained in the experiment in Motion II
i.e.,

vf
t

=2

d
t2

, a freely falling object is uniformly accelerated.

3. Emphasize to students some important points:
a) What is the purpose in constructing a distance-time squared graph?
Answer:
To establish a direct relationship between distance and time squared
b) Why do we need to construct a velocity-time graph?
Answer:
A velocity-time graph readily shows whether velocity increase uniformly with time.
The slope of the straight-line graph also gives the acceleration
c) The limitations of accuracy in determining the value of g.
Answer:
Air friction, accuracy of apparatus, human errors, etc. . .
d) The importance of the equation, d = ½ gt2 and the value of g in man's life?
Answer:
This equation can be used to determine our reaction time, i.e., how soon we respond
after we see an event.
4. In the absence of air resistance, falling objects fall at the same rate regardless of mass
and size.

Sample Answers to Exercises/Problems
1.

The velocity of a free-falling coconut fruit increases uniformly and has a constant
acceleration of 9.81 m/s2.

2. The motion of a free-falling object on the moon is also uniformly accelerated, that is, it
moves with a uniform increase in velocity. However, the acceleration is about 1/6 that on
earth.
3. a) Predictions: open
b) Proving: the result is that the time of travel of the plastic ball is the same as that of the
metal ball.
c) Comparison: open
Explanation: Free-falling objects move with constant acceleration regardless of mass
at a rate of the acceleration due to gravity, the average value of which is
9.81 m/s2.

Teacher’s Guide–Motion III (5 of 6)
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4. A rock falls from rest.
(Given: acceleration = 9.81 m/s2)
Method 1:
a) Acceleration 9.81 m/s2 means that the rock gains velocity by 9.81 m/s every
second.
- In 3 seconds of fall it gains in velocity

. . . 29.4 m/s

b) - average velocity is ½ (0 m/s + 29.4 m/s) or
- distance traveled with this average velocity,
in 3 seconds, is 14.7 m/s x 3 s or

. . . 14.7 m/s
. . . 44.1 m

Method 2.
Given:

Acceleration = 9.81 m/s2
Initial velocity, v0 = 0
a)

a

time = 3 s
initial time, t 0 = 0

v1  v 0
t1  t 0

9.81 m/s2

=

v1  v 0
or
3s  t 0

v1  9.81

m/s2 x 3 s = 29.4 m/s

b) d = ½ gt2
= 9.81 m/s2 x (3 s)2
2
= 44.1 m
Note:
a) For calculation of the stone’s velocity, students can use the equation a 
where a = 9.81 m/s2 ;

v = velocity (m/s) ;

v
t

t = time (s)

b) For the height of location from the ground, students can use the equation
d = ½ gt2
where g = 9.81 m/s2 ;

Teacher’s Guide–Motion III (6 of 6)
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Newton’s First Law of Motion
Objectives
After doing this activity, the students should be able to:
1. describe the state of motion of objects according to Newton's first law;
2. give some common examples of situations involving Newton's first law of motion;
3. differentiate between customary explanations (pre concepts) and scientific explanations
(concepts) of situations where Newton's first law is applied
Skills
1. Manipulating equipment
2. Reporting findings

3. Applying new knowledge
4. Synthesizing results into a concept

Concepts
1. Daily experience shows that a body in motion stops if there is no driving force. The scientific
explanation is that, a body in motion stops because the net force acting on it is in opposite
direction, e.g., friction force.
2. In the absence of an external net force:
a) bodies at rest will remain at rest.
b) bodies in motion will continue to move in a straight line with constant speed.
3. Inertia is the property of a mass (object) to remain at rest or to keep moving once set in
motion.
Materials
To be brought by students:
1 match box (or small toy
soldier standing)

Equipment/Materials
2 stand bases
2 rails (rods undersized on ends)
1 leveling pad
1 dynamics cart w/o spring
1 stopper wheel
1 crochet string, 1 m long
6-7 pieces of clay each about the size
of a green pea
1 large piece of clay approx. 5 grams

Setup

STOPPER WHEEL

MATCHBOX

PIECES OF CLAY

Teacher’s Guide (only)–Newton’s 1st Law of Motion (1 of 5)
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Strategy
1. Ask students what makes objects initially at rest move and what makes moving objects
stop. Let them freely give their ideas but don't comment on them. You may ask follow-up
questions to probe their ideas.
2. Distribute materials to students and assist them in doing the experiment as you give
instructions. See to it that the rail is always level on both ends and sides.
After each experiment
a) Tell students to report their observations;
b) Let them explain their observations;
c) Give students your explanation based on Newton's First Law of Motion.
Experiment A
1. Let the cart rest on one end of the rail
as shown in Figure 1 below.
2. The idea of this experiment is to observe and describe the cart’s motion when given a slight push
(enough to make the cart reach about midway on the rail). Observe and describe the cart's
motion.
Slight Push

Figure 1

Expected Observations from Students:
1. The cart continued moving for some time even after the slight push force was no
longer acting on the cart.
2. The cart slowed down and finally stopped.
Teacher’s Explanation:
1. The cart tends to be in motion after the pushing force has been removed. This is a
property of a moving body called inertia.
2. The tendency of the cart to continue moving (inertia) was overcome by continuous
opposing friction force. If there were no opposing forces of any kind, the cart
would have continued moving endlessly at constant velocity
Experiment B
1. Prepare the setup as shown in Figure 2. Initially use only one or two pieces of clay on string.
2. The idea of this experiment is to apply force on the cart in increasing steps by
suspending small pieces of clay one after another on the free end of the string until the cart moves
with uniform motion. The weight of suspended clay provides the force.
Slight Push
Figure 2

Note: Every time a piece of clay is added, give the cart a slight push.

Teacher’s Guide (only)–Newton’s 1st Law of Motion (2 of 5)

Page 38

DepEd-BLR Cebu

Expected Observations from Students:
1. When only one or two pieces of clay were suspended on the string, the cart moved a little bit
and then stopped.
2. At about five or six pieces of clay suspended, the cart moved with uniform motion until the
opposite end of the rail.
Students’ Explanations:
Teacher’s Explanation:
1. Force was already applied on the cart as one or two pieces of clay were suspended. However,
the force exerted was not enough to overcome external friction forces acting on the cart.
2. As the driving force increases, there will come a time when the opposing friction force equals
the pulling force of the clay, making the cart move with constant speed (after being pushed
slightly).
Experiment C
1. Now place a load (match box) on the cart as shown in figure 3.
2. The idea of this experiment is to observe and describe what happens to the load on the cart right
matchbox
after the cart is given a sudden thrust.
sudden thrust

Figure 3

Expected Observation from Students:
The matchbox appeared to move backward with respect to the cart. The matchbox stayed at
rest with respect to the table.
Students’ Explanations:
Teacher’s Explanation:
Due to the cargo’s inertia, it tends to stay at rest even though the cart has moved forward.
Experiment D
1. Now transfer the load as shown in Figure 4.
2. The idea of this experiment is to observe and describe what happens to the load when
the swiftly moving object is suddenly stopped.
clay to stop cart
and to make cart
stick
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Expected Observation from Students:
The matchbox was thrown forward from the cart. It continued moving for some time from
the moment the cart stopped.
Students’ Explanations:
Teacher’s Explanation:
Due to the load’s inertia, the load had the tendency to continue moving in the same direction
and the same speed as the cart though the cart has stopped.
Conceptualization
Make a summary of student's findings:
1. In the absence of an unbalanced external force (called net force), an object at rest will remain
at rest.
2. In the absence of a net force, an object that is already moving continues to move with
constant speed in a straight line.
3. Inertia is the property of a mass to resist change in its state of rest or motion.

Application /Evaluation
1. Why do you tend to move backward when a bus suddenly starts moving from rest?
Answer: The inertia at rest of your body tends to resist the bus’ motion.
2. Why do you tend to move forward when a traveling bus suddenly stops?
Answer: The inertia in motion of your body keeps you to continue moving even if
the bus has already stopped.
3. Suppose you place a basket ball in the middle of the floor of a jeepney parked on a
level road. If the jeepney accelerates forward, describe the motion of the ball relative to:
a) the ground
b) the jeepney
You may try doing this if the driver knows you and is willing to cooperate.
Answers: a) Relative to the ground, the ball spins on the same place.
b) Relative to the jeepney, the ball rolls backward.
4. Place a cardboard sheet on top of the
mouth of a transparent plastic jar as shown
in figure 5. Place a 1-peso coin on the
cardboard. Now quickly pull the cardboard
in the direction shown and observe what happens
to the coin.

pull quickly

Figure 5

Observation: The coin fell directly into the bottom of the plastic jar.
Explanation: Due to the coin’s inertia, it tends to stay in place. As a result, it didn’t go
along with the cardboard.
Teacher’s Guide (only)–Newton’s 1st Law of Motion (4 of 5)
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5. a) As a passenger on the rightmost window seat of an automobile, what would you experience
as the vehicle makes a sharp turn to the left? Explain.
b) What would have happened if the vehicle were an open type and your seatbelt was not
fastened?
a) Answer: You would have the feeling of being pressed sideways against the wall of the
automobile. Your body had the tendency to continue moving with the
previous velocity (speed and direction) of the vehicle though the vehicle
has changed direction.
b) Answer: Your body’s inertia will carry you forward in a straight line and with a
speed equal to the speed of the automobile just before it changed
direction, not to mention that you will sustain severe injuries as you
land on the ground.

6. How do you dislodge ketchup from the bottom of a ketchup bottle?

Answer: Hold the bottle upside down, then thrust at high speed and halt abruptly.
Explanation:
When the bottle is thrust, so is the ketchup inside. As the bottle is abruptly halted the
ketchup continues to move in the original direction and speed due to its inertia. As a result, it
is dislodged from the bottom of the bottle.
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Newton’s Second Law of Motion
Objectives
After doing this activity, the students should be able to:
1. state and explain Newton’s Second law of Motion;
2. solve problems by applying Newton’s Second Law of Motion
Skills
1. Manipulating equipment
2. Tabulating data
3. Manipulating variables

4. Analyzing data
5. Reporting findings
6. Applying new knowledge

Concepts
1. When an unbalanced external force (called net force) Fnet acts on an object, the object will be
accelerated.
2. The acceleration a of the object will vary directly with the unbalanced force Fnet and will be in
the same direction as the net force, keeping the mass of the object constant.
3. The acceleration a will vary inversely with the mass m of the object, keeping
Fnet constant. Newton’s second Law of Motion is expressed mathematically as Fnet = ma.

Strategy
1. Recall with the students Newton’s First Law of Motion where net force acting on an
object is equal to zero.
2. Discuss and demonstrate what happens if the net force is not equal to zero.
3. Lead a discussion that will be focused on what factors could influence the acceleration of
an object.
4. Tell them that two of their assumptions will be tested by performing two experiments:
Experiment A- Relationship Between Force and Acceleration
Experiment B- Relationship Between Mass and Acceleration
5. Present the setups and run a quick demonstration on how to perform both Experiment A
and Experiment B. Make sure that rail system is horizontally level on the sides and on
the ends. Use the hose level for this.
6. Distribute equipment to groups and assist students in performing the experiments.
7. After the experiment, let one group of students present its results to the class.
8. Guide students towards conceptualization.
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1) Position plastic hose as shown in the figure
above.
2) Align lower meniscus of water inside one end of
hose, with one end of rail via edge of stand base.
Keep other end of hose fixed while you do
this.
3) Now, do the same with other end of hose.
4) This time go back to the previous end of hose and
repeat step 2, if water level inside shifted
alignment with edge of stand base. Since water
seeks its own level, you should be able to
determine if one end of rail is higher than the
other. Compensate by putting some pieces of
cardboard underneath the stand base found to
be at lower position. Finally place the leveling
pad below mid-portion of the rail and adjust its
height by means of its screw. The height of the
pad should be just enough to make its grooves
make contact with the rods.

To achieve rail horizontal level proceed as follows:

1 dynamics cart (w/o spring)
1 electronic digital stopwatch
2 stand bases
2 rails, (rods undersized on ends)
1 stopper wheel
5 – 50g cylindrical masses
5 - 3g ring masses
1 crochet string, approx. 80 cm long
1 meter tape
5 g plastic modeling clay
1 triple beam balance
1 plastic hose, 2 meters long

Equipment

plastic hose

Experiment B. Force and Acceleration

leveling pad

meter tape

disk masses
atop cart

ring masses
atop cart

Experiment A. Force and Acceleration

Setup

guide wheel

edge of stand base

stop watch

friction
compensation
clay
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1. a is directly proportional to Fnet.

Teacher’s Guide–Newton’s 2nd Law of Motion (3 of 6)

Conclusion

Analysis
1. As F is doubled, a is doubled.
as F is tripled, a is also tripled.
2. The values of Fnet/a are constant.

Note: These

figures are not meant for replication in students’ experiments.
They are mainly used as samples and for discussion purposes.

Note: For very accurate measurement (not to be discussed with students)
approximately half of the mass of the guide wheel should be included in the
total mass of the accelerating system due to the rotational inertia of the
guide wheel of the stopper.

Table 1. d=0.85 m Mtotal=0.31 kg;

Measurements (Experiment A)

Figure 3. Fnet vs. a graph

a (m/s2)

Graph

Page 44

DepEd-BLR Cebu

1. The graph of Fnet vs. a is a straight line.
2. A straight line graph implies direct
proportionality relationship between two
variables or quantities, in this case between a
and Fnet: a α Fnet , at constant mass m.

Fnet (N)

d = 0.85 m ;

Fnet = 0.09 N

1. The values of m are increasing.
The values of a are decreasing.
2. The products of m x a are constant

Teacher’s Guide–Newton’s 2nd Law of Motion (4 of 6)

Conclusion 1. a is inversely proportional to m.

Analysis

graph

Figure 5. a vs. 1/m graph

1/m (1/kg)

Figure 4. a vs. m

m (kg)

1. A hyperbola of the first order graph shows inverse
proportionality relationship between two quantities;
in this case a α 1/m, Fnet =constant
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1. The graph of a vs. m is a hyperbola of the first order.
2. The graph a vs. 1/m is a straight line.

* For very accurate measurement (not to be discussed with students) approximately half of the mass of the
guide wheel should be included to the total mass of the accelerating system, due to the rotational inertia
of the guide wheel.

Table 2.

Note: These figures are not meant for replication in student’s experiments.
They are mainly used as samples and for discussion purposes.

Measurements (Experiment B)

a (m/s2)
a (m/s2)

DepEd-BLR Cebu

Conceptualization
We can establish a simple statement describing the relationship between the three quantities:
force, mass, and acceleration.
That is:
The acceleration of an object is directly proportional to the net force and inversely proportional to
its mass. In symbols:
a

Fnet
m

With no other physical quantity involved, we can have the equation
a

Fnet
m

or

Fnet  ma

This is the mathematical expression for Newton’s Second Law of Motion. As a consequence of
the Second Law of Motion, two physical quantities are brought into the picture.
1. We have a kinetic definition of force. (Reminder: See activity on Measuring Weight and
Force).
2. We can then establish a definition of Newton as a unit of force.
The statement of Newton’s Second Law of Motion is equally applicable to objects experiencing
deceleration or negative acceleration. In this case
Fnet  m(a)

As a result, the net force Fnet will have a negative value. A negative net force means that its direction is
opposite to that of the motion of the object.

Sample Answers to Exercises/Problems
1. To solve for the acceleration of the object:
Fnet = ma
a =

Fnet
m

= 10N
2kg
a = 5 m/s2

Teacher’s Guide–Newton’s 2nd Law of Motion (5 of 6)
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2. To solve for the net force acting on the jeepney:
1st: Calculate the acceleration:
a = 2d
t2
= 2(5m)
(2s)2
= 10m
4s2
a = 2.5 m/s2
2nd: Calculate the net force:
Fnet = ma
= 1200 kg (2.5 m/s2)
Fnet = 3000 N
3. For the same acceleration, a 10-wheeler truck requires more net force because it has greater mass
than the automobile.
4. To solve for the friction force,
1st: Calculate the acceleration:
a = vf - vi; vf=0
t
= -vi;
vi=2vave (vave is average velocity of the bicycle from the moment the
t
cyclist stopped pedaling until bicycle halted)
= -2vave
t
= -2(d/t)
t
= -2d
t2
= -2(25 m)
(10 s)2
a = -0.5m/s2
2nd:

Calculate the friction force which is the net force:
Fnet = m a
= 70 kg (-0.5m/s2)
Fnet = -35 N

5. The acceleration of the rocket keeps on increasing because according to Newton’s Second law,
with constant net force, the acceleration of an object is inversely proportional to its mass. Since
in this situation the mass of the rocket keeps on decreasing, it follows that its acceleration is
increasing.

Teacher’s Guide–Newton’s 2nd Law of Motion (6 of 6)
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Newton’s Third Law of Motion
Objectives
After doing this activity, the students should be able to:
1. identify and describe action and reaction forces;
2. state and explain Newton's Third Law of motion
Skills
1. Assembling the setup
2. Manipulating the setup
3. Manipulating variables

4. Gathering data
5. Analyzing data
6. Applying new knowledge

Concepts
1. Action and reaction forces are:
a) the same in magnitude, but
b) opposite in directions
c) acting on two different bodies at the same time; and
d) dependent on each other
2. Newton's third law of motion states that for every action there is always an equal and
opposite reaction.

Equipment

Set-up

2 spring balances, combination
of 5 N and 10 N
1 9.5 mm x 250 mm rod
2 multi clamps
1 fastening bolt
Before the experiment, make sure
that each spring balance is
properly set to zero. To do this,
hold spring balance vertically
down and turn zero-adjust knob.
See User’s Manual.

Figure 1

Figure 2

Teacher’s Guide (only) –Newton’s 3rd Law of Motion (1 of 3)
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Strategy
1. Let students perform the following motivating exercises:
a) Look for a partner, hold each other's hand, stand steadfast as possible and take turns in
pulling the other's hand. As you pulled you partner's hand, did you feel that he/she was
pulling on you, too?
b) Now, let both your palms touch those of your partner. Gently push the palms of your partner.
Take turns in pushing as you did in a). As you pushed your partner's palms, did you feel that
he/she was pushing on you, too?
2. Tell the students that their observations can be quantified by performing some experiments.
Show them the setups.
3. Distribute equipment to each group. Let them perform the experiment as you give instructions.
4. Tell the students what the experiments are all about. The idea of these experiments is to find
out whether two spring balances attached to each other show the same reading if one of them
is pulled actively. See Figure I.
5. Experiment A

Question A. 1:
Answer A. 1:

As you pulled your spring balance, did you feel that your partner was
pulling on your spring balance, too?
Yes

Question A. 2:
Answer A. 2:

How do you compare your spring balance reading with that of your partner?
Both spring balances have similar readings (for example, 4.3 N)

6. Experiment B
This time, let the students position their spring balance as in Figure 2. Ask each student of
every group to pull the spring balance.

Question B. 1:
Answer B. 1:

As you pulled your spring balance, did you feel your spring balance was
being pulled back as you experienced in A. 1?
Yes.

Question B. 1:
Answer B. 1:

Compare the readings of both spring balances.
The two spring balances have similar readings.

7. Tell students that interactions involving pushing will be investigated in the experiment on
Momentum.

Teacher’s Guide (only) –Newton’s 3rd Law of Motion (2 of 3)
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Conceptualization
Make a summary of students’ findings.
1. When one body exerts an action force on another body, the second body exerts a
reaction force on the first.
2. Action and reaction forces are equal in magnitude but opposite in direction.
3. Action and reaction forces act on two different bodies at the same time.
4. The above statements describe Newton’s third law of motion.

Application/ Evaluation.
1. A wall portrait is suspended from a rigid support by a suitable length of string.
a) What downward force acts on
the rigid support?
Answer: Weight of the portrait
b) If the force referred to in
a is the action force, what
is the reaction force?
Answer: Upward force of
the rigid support

c) In a diagram, show these two
forces (by arrows) acting on the portrait.
2. Consider a book resting on top of a table.
If the weight of the book is the action force,
What is the reaction force?
Answer: The normal force exerted by the table top
on the book.

3. What do you think is the reading on the
scale when two loads are suspended as
shown in the diagram on the right? Prove
your answer by doing the experiment.
Answer: Approximately 5N

Teacher’s Guide (only) –Newton’s 3rd Law of Motion (3 of 3)
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Momentum
Objectives
After doing this activity, the students should be able to:
1. state the relationships between momentum and mass, and between momentum and velocity of
an object;
2. describe the momentum of two objects before and after: inelastic collision, elastic collision, and
explosion;
3. explain the law of Conservation of Momentum
Skills
1. Assembling the setup
2. Gathering data

3. Reporting findings
4. Applying new knowledge

Concepts
1. The momentum p of an object is defined as the product of mass (m) of a moving object
and its velocity v. In symbols:
p=m v
2. Momentum is a vector quantity. The direction of the momentum of a body is the same as
the direction of its velocity.
3. When colliding objects bounce from each other without lasting deformation, elastic
collision occurs.
4. When colliding objects combine or become distorted, inelastic collision occurs.
5. In the absence of external forces, the momentum of colliding or exploding objects is
always conserved.

Equipment

2 stand bases
1 leveling pad
2 rails (rods undersized on ends)
2 dynamics carts (Cart 1-with spring; Cart 2-without spring)
5 50-g cylindrical masses
1 stand rod, 9.5 mm x 250 mm
1 plastic hammer
1 hose level

Teacher’s Guide (only)–Momentum (1 of 6)
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Setup

Note: Before the experiment, see to it that the rail is level horizontally. Use the hose water level as you did in the
nd
Newton’s 2 law of motion experiment.

Strategy
Note: This activity may be done as an introduction to the concept of momentum. It can be
presented as a demonstration activity or as simultaneous group work.
1. Ask students some motivating questions.
Examples:
a. Two automobiles of the same make collide. Describe all possibilities to their state
motion after collision.
b. If one object collides with a smaller object, what will happen?
2.

3.
4.
5.
6.
7.

Emphasize to the students that in all cases of collision and explosion, the physical quantities,
mass and velocity, are involved.
Tell the students that they are going to perform collision/explosion experiments in one
dimension only, i.e., a straight line; and that they will focus on quantities mass and velocity in
all experiments today.
Give the idea of the experiments to be done.
Distribute the materials to the groups, if you prefer simultaneous group work. The idea of
simultaneous work is that the teacher goes to the next step when all groups have done the
previous. Otherwise you may do demonstration activity.
You may assist students in performing the experiment.
Remind students to see to it that the rail is leveled horizontally. See Figure 1 above.
Discuss the results of the experiment. See Conceptualization phase.

Teacher’s Guide (only)–Momentum (2 of 6)
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A-1 Inelastic Collision (Stick an equal amount of clay, approx. 5 grams, on the ends of each cart that
will face each other.)
1. Stick an equal amount of clay to the front end of each cart, and position the carts as in the figure on
the left below. Let them approach each other with equal speed. (If the two carts meet at the middle,
starting from the ends, you can be certain that the carts moved with approximately the same speed.)
stick an equal amount of clay to the front end of each cart

1

2

What happened to each cart after collision?

1

2

Answer: The two carts stopped after collision.

2. Add a load of 250 g to cart 1. Do not remove the clay from each cart. Let the carts approach
each other with equal speed, as you did in step 1.

1

2

1

What happened to the two carts after collision?

2

Answer: The two carts did not stop after collision. They
combined and moved with lesser speed in the
original direction of the cart with 250 g load.

3. Remove load. Cart 2 will be at rest. Let cart 1 of the same mass approach cart 2. Do not remove
the clay from each cart.

1

2

1

What happened to the two carts after collision?

A-2 Elastic Collision

2

Answer: The two carts combined after collision
and moved with about half the speed and in the
original direction of the cart 1.

Position cart 1 such that its spring faces cart 2. See figure below
on the left.

1. Remove clay from each cart and position them as in the figure below on the left. Let
them approach each other with equal speed. The two carts should meet at the middle if
they moved with the same speed.

1

2

What happened to the two carts after collision?

Teacher’s Guide (only)–Momentum (3 of 6)

1

Answer:

2

The two carts bounced back from each other
and reached each end of the rail
approximately at the same time. This
means that they have moved backward with
approximately the same speed.
Page 53

DepEd-BLR Cebu

2. Add a load of 250 g to cart 1. Let the two carts meet at the middle with equal speed.

1

2

What happened to the two carts after the collision?

1

2

Answer: After collision, the two carts bounced
back from each other. Cart 2 moved backward
faster than it was moving forward. Cart 1 moved
backward slower than it was moving forward

3. Cart 2 will be at rest. Let cart 1 of the same mass, approach cart 2.

1

2

1

What happened to the two carts after collision?

2

Answer: Cart 1 stopped, while cart 2 moved with a
velocity approximately equal to the velocity of cart 1 before
collision.

1. Compress the spring attached to cart 1. Position the two carts to face each other at the middle of rail
(see diagram below). Release spring by striking push rod on cart 1 with the plastic hammer.
plastic hammer

1

2

What happened to the two carts after explosion?

1

2

Answer: The two carts moved away from each other and
reached each end of rail at approximately the same time.
This means they moved at approximately same speed.

2. Add a load of 250 g to cart 1. Release compressed spring as you did in 1.

1

2

What happened to the two carts after explosion?

1

2

Answer: The two carts moved away from each other.
Cart 1 moved slower than cart 2.

3. Mount a stand rod on one stand base. Compress spring of cart 1 and let it rest against the stand
rod (see diagram below on the left). Release compressed spring. Observe.

What happened to the cart?

Teacher’s Guide (only)–Momentum (4 of 6)

Answer: The cart moved away from the stand rod. The
stand rod stood still. Nothing happened.
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Conceptualization
Condition Before Collision/Explosion
When two bodies of equal masses and equal
speed collide inelastically
When two bodies of different masses but
with equal speed collide inelastically
When a body is at rest and is
hit inelastically by another body with equal
mass.
When two bodies of the same mass and
speeds are made to collide elastically.
When one body is at rest and is hit
elastically by another body with equal mass.
When two bodies of different masses but
with equal speed collide elastically
When two bodies of the same mass but are
at rest explode
When two bodies of different mass but at are
rest explode
When a small body in contact with a very
massive body explodes

Condition After Collision/Explosion
The two bodies stop.
The two bodies combine and move with
lesser speed in the original direction of the
body with bigger mass.
The two bodies combine and move with a
lesser speed in the original direction of the
moving body. (Scientists found that the
combined speed is exactly ½ of its initial
speed.)
The two bodies bounce back from each other
with the same speed.
The body, which is at rest, moves with the
same speed as the initially moving body,
which is now at rest.
The two bodies bounce back from each other
but the body with a lesser mass moves with
greater speed.
The two bodies move away from each other
with the same speed.
The two bodies move away from each other
but the body with bigger mass moves slower.
The body with lesser mass moves away with
a certain speed. Nothing happens to the very
massive body.

The teacher should draw out the following statements.
1. Moving objects possess momentum, equal to the product of its mass and velocity. Objects that
are not moving do not have momentum.
2. The direction of momentum of the object is always the same as the direction of its velocity.
3. The momentum of an object can be changed and or transferred to another object during: a)
inelastic collision, b) elastic collision, and c) explosion.
4. In the absence of external forces, the momentum of two or more, colliding or exploding
objects, is always conserved. That is the total momentum of all the objects before and after:
a) inelastic collision, b) elastic collision, and c) explosion, are always the same.

Teacher’s Guide (only)–Momentum (5 of 6)
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Application/Evaluation
1. A person sitting inside a moving car pushes against the dashboard. Can he change the car’s
momentum?
Answer: An external force is required to change the momentum of a body.
If no external force acts on a body, the momentum of the body will not change.
2. A cart with a mass of 10.0 Kg moves with a velocity of 12.0 m/s to the right. Determine its
momentum and illustrate with a drawing.

Answer:
Given: m = 10.0 Kg
v = 12.0 m/s Right
Solution:

p= m v
= (10.0 Kg) (12.0 m/s Right)
p = 120.0 Kg m/s Right

3. Is it possible for somebody on roller skates to acquire momentum equal to that of a fully
loaded 10-wheeler truck?
Answer: Yes. Make the 10-wheeler truck run very, very slowly and the person on roller skates
to travel as fast as he/she could.

Teacher’s Guide (only)–Momentum (6 of 6)
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The Inclined Plane
Objectives
After doing this activity, the students should be able to:
1. explain the principle of the inclined plane and derive its formula;
2. determine the actual mechanical advantage of an inclined plane at different inclinations;
3. list some common applications of the inclined plane and their importance in man’s life
Skills
1. Manipulation of equipment
2. Making proper measurements
3. Analyzing data

4. Deriving equations
5. Making generalizations

Concepts
1. The formula for the inclined plane is:
Fo
d
 i
Fi
do

or

Fo d o  Fi d i

2. Actual mechanical advantage (AMA) of an inclined plane decreases as inclination increases.
3. There are two ways of determining AMA:
a) AMA is also equal to the ratio between length of inclined plane and its height. In symbol,
AMA 

di
do

b) AMA is equal to the ratio between weight of load and the input force (force applied to lift
load as shown in spring balance reading). In symbol,
AMA 

Fo
Fi

Strategy
1. Review students about simple machines.
2. Emphasize that a simple machine as a device is often used to multiply forces.
3. Let students give examples where inclined plane is used.
4. Introduce the NSTIC’s inclined plane and demonstrate how to use this inclined plane.
5. Distribute materials and worksheets to each group.
6. Monitor their results from time to time during the experimentation. Give hints if necessary.
7. Ask two representatives from each group to report and write their results on the board.
Discuss their findings with the class.
8. Let students analyze the value of AMA as inclination of the plane increases.
Teacher’s Guide–The Inclined Plane (1 of 4)
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Equipment

SETUP

2 stand bases
2 rails (rods undersized on ends)
1 stand rod, 12.7 mm X 1000 mm
1 stand rod, 9.5 mm X 250 mm
3 multi clamps
1 fastening bolt
1 spring balance, 5N
1 dynamics cart (w/o spring)
1 meter tape

do=h2-h1

Note for the teacher: These measurement guides are
not found in the student worksheets. Go around and
check their work. Be ready to give assistance when
needed.

Measurements
Input distance di
(cm)
120.0
120.0
120.0
120.0

Output distance do
(cm)
20
40
60
80

di
do

6.0
3.0
2.0
1.5

Output Force Fo
(N)
3.0
3.0
3.0
3.0

Input Force Fi
(N)
0.5
1.0
1.5
2.0

Fo
Fi

6.0
3.0
2.0
1.5

Data Analysis
1. As the table shows,

di
F
 o
do
Fi

for different inclinations of the inclined plane.

Conceptualization
1. The AMA of a machine is defined as the ratio output force to the input force

F
 AMA  o

Fi







For inclined plane,

AMA 

Fo
Fi

or

AMA 

di
do

Where: Fo = is the weight of the load ( like cart) to be lifted
Fi = force parallel to the plane needed to move the load/cart along the plane
di & do = length and height of the inclined plane, respectively
From the data, the AMA decreases as the inclination of the plane increases.

Teacher’s Guide–The Inclined Plane (2 of 4)
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Application/Evaluation
1. How will you determine the Actual Mechanical Advantage on an
inclined plane?
2. What is the AMA of each inclined plane shown in Figure 1 and
Figure 2 below?
l=40m
l=20m

h=10m

h=10m

Figure 1

Figure

2

3. Which inclined plane shown in the figures above makes your job
easier? Explain your answer.
4. If you have an input force of 20 N, how much load would you be
able to lift using the set-up in Figure 1?, in Figure 2?
Answers:
1. AMA =

w
Fi

or AMA =

2. a) AMA = 20
10
AMA = 2

l_
h

b) AMA = 40
10
AMA =

4

3. The inclined plane in Figure 2 makes your job easier than that in
Figure 1. The inclined plane in Figure 2 has greater AMA. You will
exert the least force for the same amount of load in there.
4. Figure 1:

AMA = 2
AMA = w/Fi
w = Fi (AMA)
= 20 N (2)
w = 40 N

Teacher’s Guide–The Inclined Plane (3 of 4)

Figure 2:

AMA = 4
AMA = w/Fi
w = Fi (AMA)
= 20 N (4)
w = 80 N
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Sample Answers to Exercises/Problems
1) The road should be constructed with the least inclination as much as possible as shown in
Figure 4. The road will be longer, however.

Figure 4

2) a)

AMA 

60 N
 2
30 N

b) AMA 

60 N
 3
20 N

3) Solution:

AMA 

Fo
400N

50 N
FI

8

Also by definition:
d
AMA  i
do
So:
di
8
do
Calculating for d i :

d i  8d o
 8(3m)

d i  24m
The length of the inclined plane is 24 meters.
4. By using an inclined plane, the force we exert to transfer a heavy object, i.e., from the ground
to a certain height, is a fraction of the object’s weight. Our task is made easier.

Teacher’s Guide–The Inclined Plane (4 of 4)
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Lever Principle
Objectives
After doing this activity, the students should be able to:
1. differentiate a one-sided lever from two a sided-lever;
2. explain the principle of lever and derive the equilibrium formula;
3. calculate the actual mechanical advantage of levers under given conditions;
4. list some common applications of levers and give their importance to man’s life
Skills
1. Assembling the setup
2. Gathering data
3. Analyzing data

4. Equation derivation
5. Reporting skills
6. Applying new knowledge

Concepts
1. A lever is made of a rigid body that is free to turn about an axle called a fulcrum.
2. Types of lever:
a. One-sided lever–when the load and the force act on the same side of the lever,
defined by the position of the axle
b. Two-sided lever–when the force acts on one side and the load acts on the other side of
the lever, defined by the position of the axle.
3. The principle of levers is described as the turning effect of the force on a body. It is the
product of the force and the distance of its line of action from the fulcrum. The equilibrium
of the system is attained when the product of force F and force arm Fa is equal to the product
of load L and the load arm La .
F  Fa  L  La

(The force arm and the load arm are the perpendicular distance of force and
load respectively from the fulcrum.)
4. The actual mechanical advantage (AMA) for a lever expresses a relationship between the
load L acting on it and the force F being applied, or between the force arm Fa and the load
arm La. It is defined as the ratio between load L and the force F, or ratio between force arm
Fa and the load arm La.
AMA 

L
F

Teacher’s Guide–Lever Principle (1 of 4)
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Strategy
1. Review the class on the definition of a lever and show different samples of lever.
2. Write on the board lever applications mentioned by the students.
The following questions might be of help:
 Have you ever used a lever?
 Where did you find a lever being used?
 How is it used?
3. Classify the lever applications to one-sided and two-sided levers.
Examples: one-sided lever–ice tong, forearm, wheelbarrow
Two-sided lever–artesian well, seesaw, pair of scissors, pliers
4. Show the NSTIC lever set-up to the class and explain the difference between a one-sided
lever and a two-sided lever. Tell the class that they are going to investigate the relationship
between force and force arm, and load and load arm to attain the equilibrium.
5. Distribute worksheets to students.
Designate each group according to what experiment they are going to perform. Each group
should perform only one experiment, either Experiment A or Experiment B.
6. Let the students read the specific instructions on their worksheet and assist them in
performing the experiment.
7. Report and share results. Call one or two representatives from groups A and B to report to
the class what they have found out.
Materials
1 stand base
1 stand support
1 stand rod, 9.5 mm x 500 mm
1 stand rod, 0.5 mm x 250 mm
1 multiclamp

1 lever beam
1 beam axle
1 spring balance, 5 N
1 hooked mass, 250 g-Experiment A
1 hooked mass, 500 g-Experiment B

Solutions
Experiment A. One–sided Lever
Position
1
2
3
4

Teacher’s Guide–Lever Principle (2 of 4)

AMA 

4.2
1.9
1.4
1.1

L
F

Experiment B. Two-sided Lever
Position
1
2
3
4

AMA 

L
F

3.8
2.0
1.6
1.0
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5.0
5.0

3
4

0.20

0.15

0.10

1.00

0.75

0.50

(Nm)
0.25

(m)
0.05

5.0

3.8

2.5

1.3

(N)

0.2

0.2

0.2

0.2

Force arm

1.00

0.76

0.50

(Nm)
0.26

F X Fa

2. The product of force F and the force arm Fa is equal to the
product of load L and the load arm La.

5.0

2

L X La

Load arm

Teacher’s Guide–Lever Principle (3 of 4)

1. The principle of levers is valid for a one-sided lever and a two-sided lever.
2. It is recommended that you introduce to students the idea of Actual Mechanical Advantage AMA = L/F or AMA=Fa/La.
3. Let the students calculate the actual mechanical advantage for the 4 positions used in the experiment, using AMA=L/F.

Conceptualization

2. The product of force F and force arm Fa is equal to
the product of load L and load arm La.

Data Analysis

5.0

1

(N)

Position Load L Length of Product M1 Force F Length of Product M1

Position Load L Length of Product M1 Force F Length of Product M1
(N)
Load arm L X La
(N)
Force arm F X Fa
(m)
(Nm)
(Nm)
1
2.5
0.05
0.14
0.6
0.2
0.12
2
2.5
0.10
0.25
1.3
0.2
0.26
3
2.5
0.15
0.38
1.8
0.2
0.36
4
2.5
0.20
0.50
2.3
0.2
0.46
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Measurements (Experiment B)

Setup
Experiment B. Two-sided lever

Measurements (Experiment B)

Setup
Experiment A. One-sided lever

DepEd-BLR Cebu

Application/Evaluation
1. The difference between a one-sided lever and a two- sided lever is that, in a one-sided lever, the
fulcrum is at one end of the lever and the load L and the force F is on the same side while in a
two-sided lever, the fulcrum is in the middle and the load L is on one side of the lever and the force
F is on the other side of the lever.
2. It is easier because the input force becomes greater due to its long handle
L
La
Fa
F

3.






200 N
2m
1 .5 m
?

Fa  1.5m

4. La  0.5m

L  900 N

L  L a  F  Fa
200 N  2m  F  1.5m
400 N  m
 F  600 N
1.5m

L  L a  F  Fa
900 N  0.5m  F  1.5m
450 N  m
 300 N
1.5m

6. The handles of the shears are longer than
the blades in order to multiply the force
applied on the handles enough to cut the
metal.

f

L

5. The bicycle pedal system is made up of
2 one-sided levers moving alternately,
where the load is the pull needed to keep
the bicycle running.

Answer:

7. La = 0.5 m
Fa = 1.0 m
L = 600 N
F =?

L x La
600 N x 0.25 m
1.5 N.m
F = 150 N.m
1.0m

= F x Fa
= F x 1.0 m
= F x 1.0 m
= 150 N

F

f

Teacher’s Guide–Lever Principle (4 of 4)
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Pulleys
Objectives
After doing this activity, the students should be able to:
1. explain the principle of a pulley;
2. determine the Actual Mechanical Advantage (AMA) of a system of pulleys;
3. list some common applications of pulleys
Skills
1. Assembling the setup
2. Making proper measurements

3. Analyzing data
4. Making generalizations

Concepts
1. A machine’s Actual Mechanical Advantage AMA is equal to the ratio of output force and
the input force. Machine’s AMA gives us an idea how much force we exert to lift a
particular load.
2. The AMA of a pulley as with other machines can also be calculated as input and output
distance ratio when friction is negligible.
3. The AMA of a pulley configuration is also equal to the number of pulleys used and/or the
number of strands that supports the pulley system.

Strategy
1. Review the simple machines studied in the previous activities, preferably the lever. Relate to
students that a pulley operates very similar to a lever.
2. Run a brief discussion on a very common pulley application, i.e., a flagpole pulley.
3. Discuss with them that pulley systems come in different configurations, depending on
applications.
4. Tell them that for today’s activity they will study a combination of double pulleys.
5. Distribute the equipment/materials to the groups.
6. Let the students set up the equipment as in Figure 1.
Reminder: In this set-up the spring balance should be adjusted to zero in upside down position. To do this hold the
spring balance upside down and turn zero- adjust knob clockwise or counter clockwise (see User’s Manual).

7. The following are the ideas of this experiment
a) measure the following quantities: di, do, Fi, Fo
where : di, do = input, output distances
Fi, Fo = input, output forces
Fo = total load = weight of load + weight of suspended pulley
NOTE: STRING COULD BE TOO LIGHT TO BE CONSIDERED AS PART OF TOTAL LOAD

b) compare the ratios di / do and Fo / Fi
c) calculate efficiency
8. Let students design and analyse their own tables.
9. Instruct them to perform at least 3 trials.
Teacher’s Guide (only) –Pulleys (1 of 3)
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Equipment
1 stand base
2 stand supports
1 multi clamp
1 stand rod, 12.7 x 1000 mm
1 stand rod, 9.5 x 250 mm
1 stand rod, 9.5 x 500 mm
1 meter tape
2 double pulleys
1 spring balance, 5N
2 hooked masses, 500 g
2 pcs string (thick), 2 m

HINTS:
di = distance spring balance
is pulled downward
do = distance load is lifted upward
Fi = spring balance reading
Fo = weight of total load
(weight of load plus weight
of the double pulley that moves
with the load)

Figure 1. Pulley Assembly Setup

Data And Results
Sample Data
Output
Force
Fo (N)

Input
Force
Fi (N)

Fo
Fi

Work
Input
Wi (Nm)

Work
Output
Wo (Nm)

Input
Distance
di (cm)

Output
Distance
do (cm)

di
do

10
20

2.5
5.0

4.0
4.0

11.3
11.3

2.9
3.0

3.9
3.8

29
60

28
56

97
93

30

7.5

4.0

11.3

3.0

3.8

90

85

94

%E

Data Analysis
1. The ratios di / do and Fo / Fi are almost equal. The slight difference of the ratios is due
the force of friction between the pulleys’ moving parts.
Fd
work output
X 100  o o X 100
2. Pulley efficiency can be calculated as E % 
work input
Fi d i

Teacher’s Guide (only) –Pulleys (2 of 3)

Page 68

DepEd-BLR Cebu

Conceptualization
1. Like other simple machines, the AMA of pulley is defined as the ratio of output force to the
input force.
Therefore:
AMA =

di
do

or when friction is negligible AMA =

Fo
Fi

Applications/Evaluation
1. Find the mechanical advantage of the system of pulleys used to lift the body weighing 600 N by a
force of 150 N.
Solution:
Fo = 600 N

Fi

= 150 N

Fo
AMA =

Fi

600 N
=

150 N

AMA

= 4

2. A pulley system uses a triple fixed block and a double movable block. By using this system,
a man exerts a force of 150 N and lifts a stone weighing 900 N. What is the mechanical
advantage of the machine?
Solution: Fi

= 150 N

FO = 900 N
Fo

AMA =

Fi

900 N
=

150 N

AMA = 6

3. A system of pulleys, which is a combination of single and double pulleys, is used to lift a load. It can be
noticed that the load rises a meter only for every 3 meters of pull. What is the mechanical advantage of the
system?
di
3m
Answer: di = 3 m
AMA = do = 1 m AMA = 3
do = 1 m

Teacher’s Guide (only) –Pulleys (3 of 3)
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Measuring Distances
Objectives
After doing this activity, you should be able to:
1. measure lengths of various objects in the metric system, by using a ruler and a meter tape;
2. convert English measurement values to metric equivalents
Materials
1 pair of scissors
1 tin can, cleaned, any size
1 one-peso coin, any issue
1 notebook
1 tube paste
1 ruler (with in and cm graduations)

Equipment
1 meter tape
1 stand rod 500 cm
1 lever bar/beam
1 ring with stem

Activity I
Using the cm Ruler
a.
b.
c.
d.
e.
Estimate the
length of the lines
drawn on the right
side (in cm).

Line
Estimate (cm)
Measure (cm)

Now, cut the rulers
outlined on the last
page, then, measure
the lines (in cm).

a

b

c

d

e

Activity II
Converting the English to the Metric System
Convert the values in English system to their Metric equivalents. Round off answers to the nearest
hundredths when needed. Below are the conversion factors:
1 in. = 2.54 cm
English
Metric

3 in.
_____cm

1 ft. = 0.3048 m
4.2 ft.
_____m

Student Worksheet–Measuring Distances (1 of 3)

12 in.
_____cm

1 mile = 1 .61 km
1.8 ft.
_____cm

15 in.
_____cm

0.5 mile
_____km
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Activity III
More measurements
1. Carefully cut your meter tape on

2. Now, using your metric tape,

the last page into four long strips.
Paste the strips to each other in
order to form a 100 cm tape

Tin can

circumference (c) : _____ cm
height (h): _____ cm
diameter (d): _____ cm

measure the indicated dimensions of
the three objects shown below. The
drawings below serve as guides only.
You have to work with actual
objects.

Science Notebook

diagonal (d): ______ mm
length (l): ______ mm
width (w): ______ mm

One-peso coin

diameter(d): _____ cm
thickness (t): _____ cm

3. Using the measuring tape, measure the indicated dimensions of the materials
drawn below:

Length (l): ______ cm inside diameter (Øi): _____cm
Width (w) _______ mm
length of stem (l) _____cm

Student Worksheet–Measuring Distances (2 of 3)

diameter (Ø) _____ mm
length (l) _____ cm
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Exercises/Problems
1. Using your improvised meter tape, measure the dimensions of the following objects:
Classroom floor area

Laboratory table

Classroom blackboard
(do this if the blackboard is within easy reach)

Length (l): _____ m
Width (w): _____ m

Height (h): _____ m
Width (w): _____ m
Length (l): _____ m

Thickness (t):______m
Width (w):______m
Height (h):______m

2. Measure the height of your brother/sister or relative in Metric units.
3. Estimate the circumference of your body parts like forehead, neck, biceps, wrist, and waist
in cm. Then, measure these again by using your meter tape this time.
4. Draw the lines with the given measurements below, first horizontally, and then vertically.
a. 90mm
b. 4.5cm
c. l.4cm
d. 5mm
5. A coconut tree was found to be 40 ft. high. How many meters is its height?
6. A basketball player, Johnny Thor, measures 7 ft. and 2 in. tall. What is his height in
meters?
7. The vertical clearance of an overpass is only 14 ft. Can a ten-wheeler van with a height of
4.29 m pass through it? Show your solution.

Student Worksheet–Measuring Distances (3 of 3)
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21

20

2

22

42

NSTIC

2

NSTIC

inch

0

0 cm 1

0 cm 1

41

40

62

1

61

64

44

24

4

4

63

43

23

3

3

5

5

25

45

65

2

60

85

87

67

47

27

7

7

86

66

46

26

6

6

3

84

89

69

49

29

9

9

88

68

48

28

8

8

10

10

30

50

70

90

4

83

92

72

52

32

12

12

91

71

51

31

11

11

94

74

54

34

14

14

93

73

53

33

13

13

5

82

15

15

35

55

75

95

6

81

97

77

57

37

17

17

96

76

56

36

16

16

99

79

59

39

19

19

98

78

58

38

18

18

7

80

20

20

40

60

80

100

8
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Measuring Time
Objective
After doing this activity, you should be able to:
measure time by using common time measuring devices like a wristwatch and a stopwatch
Materials
to be brought by students:
1 pair of scissors
2 notebooks
1 rubber eraser
1 m thread
1 wristwatch

Equipment
1 meter tape
1 hooked mass, 20 g
1 electronic digital stopwatch
1 dynamics cart
2 rails (rods undersized on ends)
2 stand bases

Activity I: Do the Swing...
1. Attach the hooked mass to one end
of the thread.

2. Hold the other end of the string and swing
the mass. You now have a swinging pendulum.
Using your wristwatch, measure the time for
one cycle, (to and fro swing). For safety reasons do not stay
in the path of the swinging mass.

3. Share with your teacher and your classmates the difficulties you encountered in measuring a short time
interval. Discuss in class the ways to overcome these difficulties.
4. Now, measure the time it takes for ten swings of your pendulum. Do three trials if necessary.
Activity II: The Skydiving Eraser
1. Drop your rubber eraser from a height of one meter.
With your wristwatch, measure the time it takes for it
to hit the ground. Do three trials if needed.

Student Worksheet–Measuring Time (1 of 3)
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2. Share with your teacher and your classmates again the experiences you encountered in
doing this activity. Discuss again in class the ways to overcome the difficulties.
3. Now, listen to your teacher for an explanation on the use of the stopwatch.
MODE BUTTON
* never touch this for our
experiment

START/STOP BUTTON
* one click starts the counting
* second click stops the
counting











RESET BUTTON
* one click always
restarts to zero

4. Exercise: write the correct reading for the three stopwatch displays shown below:
1

02

40

ex. 1 min. 2.40 s

0
a)

18

87

6
b)

04

67

30

30

50

c)

5. As an application of what you have learned about the stopwatch's operations, measure the
time it takes for an eraser to fall from a height of one meter.

Exercises/Problems
1. With your wristwatch, determine how long you can hold your breath in minutes.
2. Count your pulse beat in 30 s and then determine your pulse rate per minute.
3. If you are now exactly 16 years old since you were born, how many seconds have you been
alive?
4. Assemble the cart-and-rail system as shown below. Place one book underneath one of the stand
bases to incline of the rails.
* Measure the time it takes for the cart from one end of the rail to the other. Do this for three trials.
* Add another book on top of the one previously placed underneath in order to produce a steeper
inclination. Again measure the travel time of the cart. Do three trials. Compare the results.

Student Worksheet–Measuring Time (2 of 3)
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5. Find the length of the thread which makes your pendulum do one cycle for two seconds.
l is the length of your pendulum from your fingertip to the center of the object.
MEASURE . . .
OR
COMPUTE?

l is the length of your pendulum
from your fingertip to the “center”
of the object.

Student Worksheet–Measuring Time (3 of 3)
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Measuring Mass and Weight
Objective
After doing this activity, you should be able to:
1. measure mass and weight of various objects using appropriate measuring devices
Equipment
1 friction block
1 multiclamp
1 single pulley
1 lever beam
1 spring balance, 2N
1 spring balance, 5N
1 triple beam balance

Setups
Before taking any
measurement see to it
that each measuring
device is properly set
to zero. Ask for
assistance from your
teacher.

Instructions
1. Get your equipment from your teacher.
2. Estimate the mass of each equipment listed in Table I.
3. Complete Table I by doing the processes specified. It is very important that you strictly
follow the methods of using the single pan balance and the spring balance to measure
the mass and the weight respectively of the four equipment. ( If you are not sure, ask
your teacher for help ).
Table I

Process
Items
1. Friction Block
2. Multiclamp
3. Single Pulley
4. Lever Beam

Estimated Mass
(g)

Student Worksheet–Measuring Mass and Weight (1 of 2)

Using Single
Pan Balance
Measured Mass
(g)

Using Spring
Balance
Measured Weight
(N)
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4. Select four other objects whose weight and mass you would like to measure.
5. Repeat instructions Nos. 2 to 4. Complete Table 2.
Table 2

Process
Items
1.
2.
3.
4.

Estimated
Mass (g)

Using Single
Pan Balance
Measured Mass
(g)

Using Spring
Balance
Measured Weight
(N)

7. Find out the "weight" in pounds of each member of your group. Convert those
values answered in pounds into kilograms for the mass; and into Newton for the weight.

Exercises/Problems
1. Gerald, a 225 lb. champion boxer, wants to know his weight in Newton. Help him.
2. If your mass is 62 kg, what is your weight? What will be your mass and weight in a
gravity-free space? What will be your mass and weight on the moon?
3. A new inter-island boat, MV Constantino, is carrying a load of 4.96 x 10 6 kg of cargo. It
can carry a maximum load of 5000 tons. 550 passengers each measuring 80 kg are
boarding the boat also. Can the boat be held liable of overloading? Explain your answer.
4. An infant born 5. 0 lbs. at birth, grows at a rate of 2 lbs per month. What is the baby's
mass (kg) after two months?
5. Imagine if 1 Newton of pork costs 110 pesos! How much is 2 kg of pork in a zero-gravity
environment?

Student Worksheet–Measuring Mass and Weight (2 of 2)
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Hooke’s Law
Objectives
After doing this activity, you should be able to:
1. state the relationship between force f and elongation l for a spring and a rubber band;
2. describe their difference in elasticity

Equipment
1 stand base
2 stand supports
1 stand rod, 1000 mm
1 stand rod, 500 mm
1 stand rod, 250 mm
2 multi clamps
1 meter tape
1 C-clamp w/ hook
1 extension spring
1 disk pointer assembly
5 hooked masses, 20 g
1 rubber band, thin

C-clamp

spring

disk pointer

meter
tape

20-g hooked masses

Figure 1. Hooke’s Law Experiment Setup

Instructions
* The purpose of this experiment is to discover what happens to the elongation of a spring
and a rubber band when the weights suspended on them are increased.
1.
2.
3.
4.
5.

Assemble the setup as shown in Figure 1.
Readings are taken from the scale on the meter tape directly aligned with the disk pointer.
Hang a 20 g load at the end of the spring. Record the spring elongation.
Add another 20 g load to make 40 g. Again, record the elongation.
Continue adding 20 g loads to the previously suspended masses; each time record the spring
elongation. Do this until the load totals 100 g.
6. Repeat instructions Nos. 2 to 5. This time, replace the spring with a rubber band.
7. Compare the values of F based on the suspended masses.
Student Worksheet–Hooke’s Law (1 of 3)
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Measurements:
Mass
(g)

Force (N)

0
20
40
60
80
100

0
0.20
0.40
0.60
0.80
1.00

Helical Spring

Rubber Band

Elongation
l cm 

Elongation
l cm 

F N 


l  cm 
-

0

Data Analysis

0

1.00
0.90
0.80
0.70
0.60

F (N)

1. Using the grid provided, graph F and l
for both spring and rubber band.
2. What is the relationship between the force
applied and elongation of the spring
and of elongation of the rubber band.
Clues:
F N 
*Calculate the ratios

 based
l  cm 
on your data in the table. These ratios
can help answer this question.
*Determine the slopes of the two
graphs (spring & rubber band).
These slopes indicate the answer
to this question.

F N 


l  cm 
-

0.50
0.40
0.30
0.20
0.10
1

2

3

4

5

6

7

8

9

10

l (cm)

This relationship between force F and elongation l is called Hooke’s Law.
The slope of F vs. l graph of the spring is called the elastic constant D of the spring.
Exercises/Problems
1. List 3 things you find at home which obey Hooke’s Law.
2. A 2 kg fish compresses the spring of a pan balance by 1.5 cm. How much compression does
a one (1) kg. squid produce on the spring ?
3. A single rubber band is stretched 6 cm by a force of 15 N. What is the elongation when an
identical rubber band is combined parallel with the first? What is the elastic constant of the
combined rubber bands?
Student Worksheet–Hooke’s Law (2 of 3)
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1. Homework: For further investigation, choose one of the activities describe below and do the activity
by yourself.

Activity 1

Activity 2

a. Insert about 6 cm of one end of a
plastic ruler into a pile of books
placed near the edge of a table
b. Suspend a plastic cup from the
other end of the ruler, and load the
cup with more and more marbles of
equal size.
c. Improvised a calibrated card to
measure the deflection of the ruler.

a. Suspend a bucket from the farthest
end of a slim branch of a short tree.
b. Load the bucket with more and more
water-filled bottles of equal size.
c. Improvise a calibrated stick to
measure the deflection of the branch.

Question: Did your selected activity obey Hooke’s law? Support your answer. Prepare an oral report
about your findings.
*You may also investigate other thin long bars like diving boards, pick-up sticks, etc… to find out
whether they obey Hooke’s Law. Take note of the elastic constant of each object investigated.
5. A spring with an elastic constant of 0.6 N

cm

elongates by 1.5 cm after a load is suspended on it.

Calculate the weight of the load.

Student Worksheet–Hooke’s Law (3 of 3)
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Factors Influencing Friction Force
Experiment A-Assumption: Weight

Objective
After doing this activity, you should be able to:
find out whether the weight of an object influences force of friction
Equipment
1 spring balance, 5 N or 10 N
1 friction block

1 friction board
2 hooked masses, 250 g

Instructions
In this experiment, the weight of the object will be varied, but the area and nature of surfaces in
contact will be kept constant.
1. Make sure your working area is a flat, clean, and level surface.
2. Determine the weight of the friction block by suspending it from a spring balance.
3. Set up your equipment as shown in Figure A.1. Let the wooden surface of the block rest on
the wooden side of the board.

Figure A.1.

4. Slowly, pull the spring balance in the direction shown, while at the same time; observe the
scale of the spring balance. While your block is moving, take note of the reading of the spring
balance. The spring balance reading is the friction force. Repeat this procedure to check your
data.
5. Put one 250 g mass on top of the friction block and perform procedure no. 4 again.
6. Add another 250 g mass on top of the block and repeat procedure no. 4 once more.
7. Enter your readings into their respective columns in Table A.1.

Student Worksheet–Factors Influencing Friction Force: Experiment A (1 of 2)
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Measurements
Table A.1.

Weight (N)

Friction Force (N)

Data Analysis
1. Compare the values under friction for the different weights of the object (friction block).
2. Does the weight of the object influence friction force?

Exercises/Problems
1. Rose and Marianito want to push a heavy box of canned goods into a corner of the house.
Since the box is too heavy for them to carry, it seems that the only solution is to slide the box
along the floor.

Figure A.2.

Will Rose and Marianito be able to transfer the heavy box?

The two, doing the job together, have difficulty pushing the load. Rose proposed that in order to
do the job, they could remove some things inside and put them on the floor then start pushing the
box. However, Marianito argued that they should somehow attempt to lift the box and at the
same time slide it along the floor.
What is your solution?

Student Worksheet–Factors Influencing Friction Force: Experiment A (2 of 2)
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Factors Influencing Friction Force
Experiment B-Assumption: Nature of Surface
Objective
After doing this activity, you should be able to:
find out whether the nature of a surface influences force of friction
Equipment
1 spring balance, 5 N or 10 N
1 friction block

1 friction board

Instructions
In this experiment, the nature of the surfaces in contact will be varied, but the weight of the
friction block and the areas in contact will be kept constant.
1. Make sure your working area is a flat, clean, and level surface.
2. Rubber on wood. Set up your equipment Figure B.1. Let the larger surface of the friction
block rest on the wooden surface of the board.

Figure B.1.

3. Slowly, pull the spring balance in the direction shown, while at the same time, observe the
scale of the spring balance. While your block is moving, take note of the reading of the
spring balance. The spring balance reading is the friction force. Repeat this procedure to
check your data.
4. Wood on wood. Turn the friction block such that its larger wooden surface rests on the
wooden surface of the board and repeat no. 3.
5. Rubber on carpet. Turn the friction board such that the carpet surface faces upward. Let the
rubber surface of the friction block rest on the carpet surface of the board. Do step 3 again.
6. Wood on carpet. Turn the friction block once more so that its wood surface rests on the
carpet surface of the board. Let the wooden surface of the friction block rest on the carpet
surface of the board and do procedure 3 for the last time.
7. Enter your readings into their respective columns of Table B.1.

Student Worksheet–Factors Influencing Friction Force: Experiment B (1 of 2)
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Measurements
Table B.1.

Surface in Contact
Rubber on wood
Wood on wood
Rubber on carpet
Wood on carpet

Friction Force (N)

Data Analysis
1. Compare the values under friction for the different surfaces in contact.
2. Does the nature of surface in contact influence friction force?

Exercises/Problems
1. Isabel and Regienald want to push a heavy box of canned goods into a corner of the house.

Figure B.2. Will Isabel and Regienald be able to transfer the box of canned goods?

The two, doing the job together, have difficulty pushing the load. In another corner of the house,
however, are two decorative floor mats. One is covered with something like carpet and the other
with something like plastic.
If you were Isabel or Regienald, what would you do?

Student Worksheet–Factors Influencing Friction Force: Experiment B (2 of 2)
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Factors Influencing Friction Force
Experiment C-Assumption: Area of Contact

Objective
After doing this activity, you should be able to:
find out whether the area of contact of sliding surfaces influences force of friction
Equipment
1 spring balance, 5 N or 10 N
1 friction block
1 friction board

Instructions
In this experiment, the area of contact will be varied, but the weight of the friction block and
the nature of surfaces in contact will be kept constant.
1. Make sure your working area is a flat, clean, and level surface.
2. Set up your equipment. As shown in Figure C.1. Your friction block has two sides coated
with plastic. Let the smaller area with plastic surface rest on the wooden surface of the
friction board.

Figure C.1.

3. Slowly, pull the spring balance in the direction shown, while at the same time, observe
the scale of the spring balance. While your block is moving, take note of the reading of
the spring balance. The spring balance reading is the friction force. Let other members
repeat this procedure to check your data.
4. Enter obtained data into their respective columns of Table C.1.

Student Worksheet–Factors Influencing Friction Force: Experiment C (1 of 2)
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Measurements
Table C.1.

Contact Area
Big
Small

Friction Force (N)

Data Analysis
1. Compare the values under friction for the different areas.
2. Does the area of contact influence friction force?

Exercises/Problems
1. Berlinda and Almira want to transfer a box of canned goods into a corner of the house. Since
the load is too heavy for them to carry, it seems that the only solution is to slide the box by
pushing it along the floor.
a) Berlinda would want to push the box
this way as in Figure C.2.

Figure C.2.

b) Almira would like to push the box as
in Figure C.3.

Figure C.3.

What about you? What do you think is the best way, in so far as friction is concerned?

Student Worksheet–Factors Influencing Friction Force: Experiment C (2 of 2)
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Motion I
Objectives
After doing this activity, you should be able to:
1. describe uniform motion from measurements of distance traveled and time of travel of an object;
2. state a relationship between distance and time for uniform motion;
3. calculate speed of a moving object:
a) by using an equation;
b) based on the slope of distance vs. time graph

Equipment/Materials
1 motorized cart
2 stand bases
2 rails, (rods undersized on ends)
1 electronic digital stopwatch
1 meter tape
1 leveling pad
1 piece of chalk

Setup

Instructions
The idea of this experiment is to measure how much time the cart takes to travel different distances.
1. Prepare your setup as shown in Figure 1 above. Using a piece of chalk, put marks as shown. You
will have the following marks: “start,” 20 cm, 30 cm, 40 cm, 50 cm, 60 cm, 70 cm, and 80 cm.
2. Start the motor, then release the cart. Let a member of the group measure the time it takes the cart
to reach the 20 cm mark, using the stopwatch. Pull the cart back and repeat the procedure two
more times.
3. Do procedure no. 2 for the 30 cm, 40 cm, 50 cm, 60 cm, 70 cm, and 80 cm distances.
4. Record all measurements in appropriate columns of Table 1.

Student Worksheet–Motion I (1 of 2)
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Measurements
Table 1
Time t (s)
trial
1

trial
2

0
20.0
30.0
40.0
50.0
60.0
70.0
80.0

trial
3

Average
time t
(s)

d/t
(cm/s)
d (cm)

Distance
d
(cm)

tave (s)
Distance versus average time graph

Data Analysis
1. To find out the relationship between distance d and average time tave, there are two ways:
a.) to analyze the data in the Table;
b.) to plot the graph of d vs. t and analyze it.
2. Advice for analyzing the data in the Table.
a.) Study the values of distance and the values of average time in Table 1. What happens
to time as distance doubles? As distance triples?
b.) Calculate the ratio between distance d and average time tave. What can you say about
their ratios?
3. For analyzing the graph:
a.) Using the data in the table above, graph the values of distance d against the values of
average time tave. Plot the distance on the y-axis and time on the x-axis.
b.) Describe the resulting graph.

Exercises/Problems
1. Cherry walks 100 meters in 2 ½ minutes. Tita walks 50 meters in 75 seconds. Compare
the speed of Cherry and Tita.
2. Your jeepney traveling along city route moves with uniform speed at 30 km/hr. How far
can it go in 12 minutes?
3. Do you travel with uniform motion as you walk home from school? Describe your
motion.

Student Worksheet–Motion I (2 of 2)
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Motion II
Objectives
After doing this activity, you should be able to:
1. describe accelerated motion of an object;
2. state a relationship between:
a) distance traveled and time elapsed;
b) velocity and elapsed time of uniformly accelerated motion;
Equipment:
1 dynamics cart without spring
1 digital stopwatch
2 stand bases
2 rails, (rods undersized at ends)
1 meter tape
1 temporary marker (chalk)

rail
stand base

dynamics
cart w/o
spring

book

digital stopwatch

Figure 1. Accelerated Motion Setup

Instructions
The idea of this experiment is to measure how much time it takes for a cart to travel
different distances along an inclined track.
1. Prepare your setup as shown in Figure I above. Set the elevated end at about 3 to 4 cm
(approximately one book thick) from the table surface.
2. While keeping the cart in place on the elevated end of the rail, measure, and mark the
distances shown in Figure 1.
3. Release the cart and let it travel through the first 20 cm distance. With the stopwatch, let
a member of the group measure the time it takes the cart to travel this distance. Perform this
procedure three times.
4. Do step 3 for the other distances.
5. Record all measurements in appropriate columns of Table 1.

Student Worksheet–Motion II (1 of 4)
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Measurements
Table 1. Results of Accelerated Motion Experiment
Distance
d ( cm )

Trial
1

Time
t(s)
Trial Trial
2
3

Average
time
tave (s)

average
time
squared
tave2 (s2)

average
velocity
vave (cm/s)

final
velocity
vf = 2 (vave)
(cm/s)

vf/tave
(cm/s/s)

d/tave2
(cm/s/s)

0
20
30
40
50
60
70
80

Data Analysis
1. Calculate the average time for each corresponding distance. Do you see a relationship between
distance d and average time tave?
2. Square the values of average time. As distance d doubles, is average time squared tave2 also
doubled? As distance d triples, is tave2 also tripled? What relationship is shown between distance
d and average time squared tave2?
3. Using the values of distance and average time, calculate the average speed vave of the cart for each
of the different distances.
Use the equation:

vave 

d
tave

Also calculate the final velocity using the equation: v f  2vave
Your teacher will explain later how this equation is derived.
4. Calculate and then compare the values of the ratios of the following (last two columns in the
table):
vf
t ave

Student Worksheet–Motion II (2 of 4)

and

d
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B. 1. Plot a graph of d vs. tave. (Figure 2).
Describe the resulting graph.

2. Plot another graph of d vs. tave2 (Figure 3).
What kind of graph do you obtain this time?
Calculate the slope of this graph.

3. In the third graph, plot the values of final
speed vf against tave (Figure 4) . Describe the
resulting graph. Once more, calculate the
slope of this graph.

4. Compare the slope obtained from the d vs. tave2
graph with the slope obtained from the vf vs. tave
graph.

Student Worksheet–Motion II (3 of 4)
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1. A city driven jeepney moving out from a traffic jam attains a speed of 30 km/hr after 5 seconds.
Find the acceleration of the jeepney.
2. If the jeepney mentioned in No.1 was uniformly accelerated, describe the motion of the jeepney’s
speedometer needle.
3. Have you experienced being accelerated? Tell us something about your acceleration experience.

Student Worksheet–Motion II (4 of 4)
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Motion III
Objectives:
After doing this activity you should be able to:
1. describe the motion of a free-falling object;
2. state the relationship between;
a) distance traveled and time taken;
b) velocity and elapsed time of a free-falling object;
3. calculate the acceleration of a free-falling object
Figure 1

Equipment
1 stand base
2 stand supports
1 stand rod, 12.7 X 1000 mm
1 stand rod, 9.5 X 500 mm
1 stand rod, 9.5 X 250 mm
3 multi clamps
Free-fall apparatus:
1 solenoid
1 pad switch
1 synchro-box
1 electronic digital stopwatch
1 meter tape
1 slide pointer
1 set metal, plastic balls
How the setup works:

See page 103 for expanded
and enlarged assembly guide

solenoid
slide pointer

meter tape

pad switch

stop watch
1. The time it takes for an object to fall
short distances is too quick that it would
be impossible to measure this with a stopwatch
operated manually. Therefore to fulfill the
task, the set-up shown in Figure 1 uses an
automatic timing system.

synchro box

2. As soon as the push button switch is pushed, the solenoid circuit is switched off.
That means the ball will fall and simultaneously, the stopwatch starts counting the time.
As soon as the metal ball hits the gate, the stopwatch stops counting.
Student Worksheet–Motion III (1 of 5)
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Instructions
The idea of this experiment is to measure how much time the spheres (balls) take to fall from different
heights and to find out how a free-falling object moves.
1. Assemble the setup in Figure I and complete the wiring connection as shown.
2. Fix the gate switch about 10 cm from the table.
3. Fix the solenoid such that the distance between the ball and the pad switch
is 20 cm as shown in Figure 1. See to it that when the ball falls, it will hit the pad of the
gate switch and will bring it to an "open" position.
4. When the gate switch is in "closed" position, hang the metal ball to the solenoid. (Adjust the
screw of the solenoid so that its magnetic strength is just enough to hold the metal ball.)
Recheck the distance d which is from the bottom of the ball to the gate switch.
5. Reset your stopwatch so that your initial time reading is "0.00."
6. Quickly push and then release the button switch of the synchro-box before the ball hits the
gate (otherwise the stop watch will continue counting the time). Measure the time of fall in each of
the three trials.
7. Repeat for 30 cm , 40 cm , 50 cm, 60 cm , 70 cm, and 80 cm distances. Record all results in
Table 1.

Measurements
Table 1
Distance d
(cm)

Time t
(s)
Trial 1

Trial 2

Trial 3

average time
squared
tave2 (s2)
tave

0
20.0
30.0
40.0
50.0
60.0
70.0
80.0

Student Worksheet–Motion III (2 of 5)
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Data Analysis:

d (cm)

100

50

0.25

0

Figure 2

100

50

0

Table 2. Calculated values for average velocity,
final velocity, and acceleration

t ave
(s)

vave 

d
tave

(cm/s)

0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
Student Worksheet–Motion III (3 of 5)

v f  2v ave
(cm/s)

a 

0.10

0.20

t 2 (s2)

Figure 3

Distance-Time2 Graph of a Free-Falling Object

vf

500

t a ve
400

(cm/s/s)
Vf (cm/s)

distance
d (cm)

0.50

t (s)

Distance-Time Graph of a Free-Falling Object

d (cm)

1. Plot a graph of distance d against average time tave
(Figure 2). Draw your line graph. Describe the relationship between d and tave as shown by the line
graph.
2. In the last column of Table 1, square the values of
average time tave. Plot a graph of distance d against
average time squared tave2 (Figure3). Describe the
relationship between d and tave2 as shown by the line
graph.
3. Calculate the slope of your d versus tave2 graph.
4. Using the values of distance d and average time tave
in table 1, complete Table 2 below.
5. Plot final velocity (vf) against average time tave in
another graph. Describe the relationship between vf
and t from this graph.
6. Calculate the slope of your vf versus tave graph.
7. At this point, describe the motion of a free-falling
object.
8. Compare the slope of distance-time squared graph
and the slope of final velocity-time graph.
What equation can you derive from the
comparison.
9. Now, compare your results with the results
obtained by the other groups using different balls.

300
200
100
0

0.1

0.2

0.3

t (s)

0.4

0.5

Figure 4
Final velocity - time Graph of a Free-Falling Object
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Exercises/Problems
1. Describe the velocity and acceleration of a “falling coconut fruit.”
2. The acceleration due to gravity on the moon is roughly 1/6 that of earth. Describe the motion of a
free-falling object on the moon.
3. Suppose the metal ball in this experiment will be replaced by another material (example clay
fitted with metal screw) of different size and is lighter than the metal ball. What do you think
will be the result of your experiment. Will it be different or similar? Prove your prediction by
performing the experiment! Compare your prediction with the result and explain.
4. A rock falls from rest. (Given: acceleration = 9.8 m/s2). What will be its velocity after 3 seconds?
How far will it fall in 3 seconds?
5. Outdoor activity. Go up to the second floor of a two-story building or house, if possible. Let one
of the group members drop a small piece of soft while another member, using a stopwatch,
measure the time it would take for the clay to reach the ground. Answer the following questions:
a) What will be the stone’s velocity just as it reaches the ground?
b) Calculate the height of your location from the ground.
c) Make an actual measurement of the height (by means of a long rope, measuring tape or any
available measuring device). Compare the measured distance with your calculated distance.
CAUTION:
1. MAKE SURE THAT NO ONE WILL BE IN THE PATH OF THE FALLING CLAY.
2. THE GROUP MEMBER ASSIGNED TO TAKE TIME MEASUREMENT SHOULD BE AT SAFE
DISTANCE FROM THE CLAY’S PATH.
3. NEVER INTENTIONALLY THROW THE CLAY TO ANYONE.

Student Worksheet–Motion III (4 of 5)
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Free-fall setup assembly guide

12.7 X 1000 mm rod

solenoid
meter tape

to solenoid

slide pointer

pad switch

to stopwatch

to pad switch

stopwatch

ball case cover
to catch ball
synchro box

Student Worksheet–Motion III (5 of 5)
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Newton’s Second Law of Motion
Objectives:
After doing this activity you should be able to:
1. state and explain Newton’s Second law of Motion;
2. solve problems applying Newton’s Second law of Motion

Equipment/Materials/Set-ups
1 dynamics cart (w/o spring)
1 electronic digital stopwatch
2 stand bases
2 rails (rods undersized on ends)
1 leveling pad
1 stopper wheel
5 disk masses, 50 grams each
5 ring masses, 3 grams each
1 string, approx. 80 cm long
1 meter tape
1 piece modeling clay (friction clay)
1 single pan balance
1 piece plastic hose, 2 meters

Figure 1: Experiment A-Force and Acceleration
meter tape
string

ring masses
atop cart
cart at start
position
hose level
edge of stand base
friction clay

Figure 2: Experiment B-Mass and Acceleration
To achieve rail horizontal level, proceed as
follows:
1) Position the plastic hose as shown in the figure
above.
2) Align lower meniscus of water inside one end
of hose with one end of rail, via edge of stand
base. Keep the other end of the hose fixed while
you do this.
3) Now, do the same with the other end of hose.
4) This time go back to the previous end of the
hose and repeat step 2, if the water level inside
shifted alignment with the edge of stand base.
5) Since water seeks its own level, you should be
able to determine if one end of the rail is higher
than the other. Compensate by putting some
cardboard pieces underneath the stand base
found to be at lower position. Finally place the
leveling pad below mid-portion of rail and adjust
its height by means of its screw. The height of
the pad should be just enough to make its
grooves make contact with the rods.
6) Ask your teacher to check your set-up before
you proceed with the experiment.
Student Worksheet-Newton’s 2nd Law of Motion (1 of 5)

disk masses
atop cart
leveling
pad
guide wheel

Important points to consider when setting up the equipment:
1. See to it that the rail is level horizontally.
Use the hose level for this. Ask help from your teacher.
2. Adjust the length of the string such that its looped end
would barely touch the floor as the cart is on the “finish”
end of the rail.
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Instructions: Experiment A–Force and Acceleration (see Figure 1)
The idea of this experiment is to calculate the acceleration of the dynamics cart system every time the
net force is increased, from measurements of distance traveled and time of travel of the cart.
1. Prepare the setup as shown in Figure 1, previous page. Set a certain distance on the rail (approx.
equal to the height of table) for the cart to travel. Bring the cart to the front end of the rail. If the
string touches the floor, shorten it enough to make it hang freely. Record this as d in Table 1.
2. Measure the total mass: mass of cart plus mass of the 5 ring masses combined. Record as mtotal.
3. Put all 5 rings on top of the cart (inserting these thru a vertical rod) and pull the cart back to the start
position. Study Figure 1 again.
4. Friction between the setup’s moving parts should be compensated. This can be achieved by suspending some amount of clay on the free end of the string. To determine the right amount of clay to use,
push the cart slightly. If the cart moves with a steady speed until the opposite end, the amount of clay
is enough. If too much clay is suspended, you will see that the cart moves with an increasing speed.
If the cart does not move at all, or if the cart stops momentarily, there is too little clay used.
5. Now, transfer one ring mass from the cart and suspend it on the free end of the string. Its weight
when suspended provides the net force. Pull the cart back to starting position.
6. Release the cart freely (do not push) and observe its motion. Measure the time the cart takes to
travel the distance you set along the rail. Do this for 3 trials.
7. Continue transferring one ring mass after another from the cart to the free end of the string. Do
step 6 every time a ring mass is transferred. You may not need to adjust the amount of friction
compensation clay every time you transfer one ring mass from the cart to the string end. You
might do so when 4 or 5 rings have been transferred.
8. Record all measurements in their respective places on Table 1.
9. Calculate the following quantities and enter values in Table 1.
a) Acceleration of the cart: a = 2d/t2
b) The ratio Fnet /a.
10. Plot a graph of net force Fnet vs. acceleration a. Calculate slope of this graph. Use a separate sheet
of graphing paper.
Experiment B–Mass and Acceleration (see Figure 2)
The idea of this experiment is to calculate the acceleration of the dynamics cart system every time its
mass is increased and net force is kept constant.
1. Without a load on the cart, and no suspended ring mass on the string, compensate friction by
doing step No. 4 of Experiment A.
2. Now, suspend 3 ring masses on the free end of the string. Their combined weight
when suspended provides the net force (approximately 0.09 N).
3. Release the cart freely and measure the time it takes to travel the distance you set along the rail
(the same distance you set in Experiment A). Do this for 3 trials. Enter the results in Table 2.
4. This time, put one (1) 50 g cylindrical mass on top of the cart, and remove all suspended
ring masses from the string. Adjust the friction compensation clay again, as you did in Experiment A,
step No. 4.
5. Suspend the three ring masses back on the string and do step No. 3, Experiment B.
6. Load another 50 g cylindrical mass on the cart. Once more, remove suspended ring masses and adjust
the amount of friction compensation clay. Suspend the ring masses back and do step No. 3 of
Experiment B again.
7. Repeat step No. 6 of Experiment B for each of the remaining cylindrical masses.
8. Complete Table 2.
9. Plot the following graphs: acceleration a vs. mass m and acceleration a vs. inverse of mass 1/m. Use a
separate sheet of graphing paper.
Student Worksheet-Newton’s 2nd Law of Motion (2 of 5)
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Average:_______

Student Worksheet-Newton’s 2nd Law of Motion (3 of 5)

Conclusion
1. What relationship exists between Fnet
and a as shown by the ratio Fnet/a?
2. Compare average Fnet/a and mtotal .

2. What can you say about the values of Fnet/a ?
3. Calculate the average value of Fnet/a.

Analysis
1. Compare the values of Fnet with the values of a.

Note: a = 2d/t2

Measurements (Experiment A)
Table 1.
d =______ m
mtotal (mass of cart + mass of 5 rings) =______ kg
Graph

Fnet vs. a graph

a (m/s2)

2. What relationship exists between Fnet and a as
shown by the graph obtained?
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1. What kind of graph is obtained between Fnet vs. a?

Fnet (N)

mtotal (kg)

t (s)

tave (s)

tave2 (s2) a (m/s2) mXa (N) 1/m (1/kg)

Fnet=______(N)

1. Describe the values of m in relation to the
values of a.
2. What can you say about the product of m x a?

Student Worksheet-Newton’s 2nd Law of Motion (4 of 5)

Conclusion 1. What relationship exists between m
and a as shown by the product m x a?
2. Study the values of m x a. Compare measured Fnet
with each value of mxa.

Analysis

mtotal=mass of cart + mass of load + mass of suspended ring masses (1 ring
mass=3 grams)

0.25

0.20

0.15

0.10

0.05

0

load

d=_______m

Table 2. Newton’s 2nd Law Data Mass and Acceleration

Measurements (Experiment B)

a (m/s2)

Graphs

a vs. 1/m graph

1/m (1/kg)

a vs. m graph

m (kg)

3. What relationship exists between m and a as shown
by the graphs obtained?

2. What kind of graph is obtained between a vs. 1/m?
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1. What kind of graph is obtained between a vs. m?

a (m/s2)
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Exercises/Problems:
1. A net force of 10 N is continuously applied on a 2 kg object. Find its acceleration.
2. A 1,200 kg jeepney rests on a level highway. The driver starts the engine and the jeepney
moves a distance of 5 meters in 2 seconds. How much net force (assuming to be constant) was
exerted on the jeepney?
3. Both a 10-wheeler truck and an automobile accelerate at 3 m 2 . Which of the two requires
s
more net force and why?
4. A cyclist is pedaling his bicycle along a level road and their combined mass is 70 kg. For
whatever reason, the cyclist stopped pedaling and thereafter, the bicycle traveled 25 meters
more for 10 seconds before it finally stopped by “itself.” Calculate the friction force between
the bicycle’s wheels and the road.
5. A rocket fired into space has a continuous net force applied with its mass continuously
decreasing. Describe the motion of the rocket.

Student Worksheet-Newton’s 2nd Law of Motion (5 of 5)
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The Inclined Plane
Objectives:
After doing this activity you should be able to:
1. explain the principle of the inclined plane and derive its formula;
2. determine the Actual Mechanical Advantage (AMA) of an inclined plane at different inclinations;
3. list some common applications of the inclined plane and their importance in people’s lives
Equipment
2 stand bases
2 rails (rods undersized on ends)
1 stand rod, 12.7 mm X 1000 mm
1 stand rod, 9.5 mm X 250 mm
3 multi clamps
1 spring balance
1 dynamics cart (w/o spring)
1 meter tape

di=distance cart is pulled
do=distance cart is lifted upward
Fo=weight of cart
Fi=spring balance reading

Figure 1-Inclined Plane Experiment Setup

Instructions
The basic purpose of this experiment is to:
a) measure the distance traveled by cart on an inclined plane, raised at different heights;
b) measure the weight of the cart and the force needed to move the cart along the inclined plane;
and
c) find out whether there is any relationship between the weight and the force to pull a cart along
inclined plane, raised at different heights.
1. Assemble setup as shown in Figure 1. See to it that your working area is a flat and level surface.
2. Measure input distance di, which is the distance cart will travel on an inclined plane. Hint: this is
measured from the front end of the cart at “start” position until it touches the stand base above. See
Figure 1.
3. Measure the weight of the cart. This is equal to output force F0. Record measurements in the Table.
4. Set initial output distance, do at 20 or so centimeter. Output distance is the height the cart is lifted
upward from the starting position. If you have difficulty setting output distance, your teacher will
discuss how it is done.
5. Slowly, pull the spring balance in the direction shown. While the cart moves with a slow and
constant speed, take the scale reading of the spring balance. Record your readings in the table.
6. Repeat steps 4 & 5 for 40 cm, 60 cm, and 80 cm heights. Each time, record your readings in the
Table.
Student Worksheet-The Inclined Plane (1 of 2)
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Measurements
Input distance di
(cm)

Output distance do
(cm)
20
40
60
80

di/do

Output force
Fo (N)

Input force Fi
(N)

Fo/Fi

Data Analysis
1. Calculate the ratios di/do and Fo/Fi and record your results in the table. Compare these ratios.
2. Wait for the teacher’s explanation of Actual Mechanical Advantage (AMA).
3. What is the effect of AMA if the inclination increases? (Be aware that the inclination of the plane
increases when the height increases).
Exercises/Problems:
1. You are an engineer and you are to build a road from the foot to the top of a mountain, in a way
that engines of cruising vehicles exert the least force possible. Show and explain your road design.
2. What is the AMA in Figure 2 and Figure 3?

force exerted = 30 N

force exerted = 20 N

weight = 60 N

weight = 60 N

Figure 2

Figure 3

3. As shown in Fig. 4, what would be the length of the inclined plane in order for an input force of
50 N to be able to lift 400 N load to a height of 3 meters? (Neglect friction)

h=3m
w = 400 N

Figure 4

4. How useful is the inclined plane as a simple machine?

Student Worksheet-The Inclined Plane (2 of 2)
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Lever Principle
Objectives:
After doing this activity you should be able to:
1. differentiate a one-sided lever from a two-sided lever;
2. to explain the principle of levers and derive the equilibrium formula;
3. calculate the actual mechanical advantage of a lever under given conditions;
4. list some common applications of levers and their importance to people’s lives

Materials and Equipment:
1 stand base
2 stand support
1 stand rod, 500mm
1 stand rod, 250mm
1 multiclamp

1 lever beam
1 beam axle
1 spring balance, 5N
1 hooked mass, 250 g–Experiment A
1 hooked mass, 500 g–Experiment B

Instructions:
In this experiment, you will determine the force required to attain the equilibrium (in horizontal
position) of a lever by hanging a load at different positions on one end of the lever. To discover the
principle of the lever, we have to measure the load L and the force F, the length of the load arm La ,
and the force arm Fa . This experiment will be performed for the one-sided and two-sided levers.
My experiment is: (Your teacher will assign you which experiment you will perform)
Experiment A–One-sided Lever
Diagram below shows setup for Experiment A

Student Worksheet-Lever Principle (1 of 3)

Experiment B–Two-sided Lever
Diagram below shows setup for Experiment B

Page 111

DepEd-BLR Cebu

2. Hang the load of 250 g (≈ 2.5 N) hook mass
from position 1, 2, 3, and 4 respectively. Take
the reading of the force F from the spring
balance at position 4 each time you move the
load to a different position. Record your readings
in Table 1. Note: Do these instructions if you were
assigned to perform Experiment A.

2. On one side of the lever, hang the load of 500 g
(≈ 5.0 N) hooked mass from positions 1, 2, 3
and 4 respectively. Record your readings in
Table 1. Each time you move the load to anew
position, read the force F on the spring balance
which is at position 4 on the other side of the
lever. Record your readings in Table 1. Note: Do
these instructions if you were assigned to perform
Experiment B.

Data and Results:
Table
Position

Load,

L N 

Length of
Load Arm

La m

Product M 1

LxLa Nxm) 

Force

F N 

Length of
force Arm

Fa m

Product M 2

FxFa  Nxm 

1
2
3
4

Data Analysis
1. Compute the product of load L and the load arm La LxLa  and the product of force F and the force
arm Fa FxFa  . Enter the values in appropriate columns in Table 1.
2. What relationship exists between the two products?

3. Based on your teacher’s explanation of AMA
calculate the AMA for the 4 positions.
Enter the calculated values in Table 2.

Position

AMA 

L
F

1
2
3
4
Exercises/Problems
1. What is the difference between one-sided lever and two-sided lever?
2. Why is it easier to turn a rusted nut on a bolt with a long-handled wrench than with a short-handled
wrench?
3. Josephine and Mikey are playing seesaw in the park. Mikey weighs 200 N and sits at 2m
distance from the fulcrum. If Josephine sits 1.5 m from the fulcrum to balance Mikey, how
heavy is Josephine?
Student Worksheet-Lever Principle (2 of 3)
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One-sided Lever

Two-sided Lever

1. The handles of a wheelbarrow are 1.5
m from the axle, and the load of 900
N can be considered as 0.5 m from
the axle. How much force must be
exerted to raise the handle?

3. Why are the handles of shears for
cutting metal longer than their blades?

F

f

L
Figure 5
Figure 3

2. Explain how the bicycle pedal system
works as a lever.

4. The tip of a 1.5 m long metal pipe is
placed under a 100 N rock, and a
small stone, used as a fulcrum is
placed 0.25 m from the tip. How
much force F is needed, if it is applied
at 0.25 m from the other end of the
pipe?

Figure 4

Figure 6

Student Worksheet-Lever Principle (3 of 3)
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Appendix A
MEASUREMENT
We measure the dimension of a table by comparing it with something accepted as a standard unit.
Thus, if we measure its length in meters, we compare the table’s length with that of a meter stick as our
standard reference. If we find the table’s length to be two meters, it means that our table is twice as long as
the standard meter.
Unluckily, we never know the true value of any measurement. The trustworthiness of obtained
data is limited by accuracy and precision. Accuracy refers to how close the measurement is to the standard
value. Precision refers to the smallest unit measurement can be expressed.
A. Factors Affecting Trustworthiness of Measured Values
1. Quality and or condition of measuring instrument. Some measurements either fall short or go
beyond standards. Make sure your instruments are of good quality. Other measuring instruments
may be affected by temperature variations and humidity conditions. Examples of these instruments
are those that are used in measuring minute quantities, e.g., vernier caliper, analytical balance. In
this case, you should be familiar with the specifications and characteristics of your instruments.
2. Subjectivity of the observer. Consider three students studying the position of the pointer along the
scale of a balance. The student directly opposite the scale reads 560 g, for example. On the other
hand, the student on the left reads 565 g, while the student on the right reads 555 g. The latter two
students are experiencing parallax error.
3. The finest division on its scale limits precision of a measuring device. A standard meter stick for
example, is precise up to a millimeter. A vernier caliper is precise up to a tenth or even hundredth
of a millimeter. An analog wristwatch is precise up to a second, but a digital stopwatch can be
precise up to a hundredth or even a thousandth of a second.
B. Some Tips on Taking Measurements
1. Before taking any measurement, see to it that the scale of the instrument is adjusted to zero.
2. When reading analog scales, make sure that the scale is at eye level and directly opposite the eye to
avoid parallax error.
3. While expensive digital stopwatches provide precision up to a thousandth of a second, this exact
value has little meaning for practical applications. In most of our experiments, we have sources of
errors, e.g., other equipment used, reaction time, etc. So, therefore, it would be impractical to be
precise up to 1/1000 s for example.
4. When measuring lengths in the range of one or two centimeters, a fraction of a millimeter may be
important for measurements. Greater than these values, a millimeter precision could be enough. In
the range of several meters, up however, millimeter accuracy has practically no meaning at all.
5. Conventional kilogram scales are calibrated in 5 g divisions. Should the pointer fall in between 2
marks, read the preceding division and add the estimated location of the pointer. Suppose you
want to measure the mass of a cart as shown next page.
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Notice that the needle goes past the 80 g mark but falls short of the 85 g mark. Looking closely at
the scale, you may see that the needle is about midway between 80 g and 85 g. You report this
reading as 83 g. Significant figures in a measurement include the known digits plus one final
estimated digit.

Appendix B
INTERNATIONAL SYSTEM OF UNITS
A. All measurements are taken using the international system of units, the metric units. The following
units are commonly used in mechanics.
Basic Quantity
Length
Mass
Time

Unit
meter
kilogram
seconds

Symbol
m
kg
s

B. Prefixes are also incorporated into the basic units.
Prefix
micro
milli
centi
deci
kilo
Mega

Symbol

m
c
d
k
M

Meaning or Equivalent
1/106 or one-millionth
1/103 or one-thousandth
1/102 or one-hundredth
1/10 or one-tenth
103 or one thousand
106 or one million
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C.

Other quantities are derived from the basic quantities and likewise, their respective units.
Derived Quantity
velocity
acceleration
weight
force
elastic constant
work
Energy
Power
momentum
Note: 1 Newton
1 Joule
1 watt

Symbol
v
a
w
F
D
W
E
P
p

Derived Unit
meter/second
meter/second2
Newton
Newton
Newton/meter
joule
joule
watt
kilogram meter/second

Unit Symbol
m/s
m/s2
N
N
N/m
j
j
w
kg m/s

= 1 kilogram meter/second2 = 1 kg m/s2
= 1 Newton meter
= 1 Nm
= 1 Joule/second
= 1 j/s

Appendix C
MATHEMATICS
I. Reorganizing Equations
In some of the modules like Motion I, II, and Newton’s Second Law, a number of problems
require algebraic manipulations for their solutions. For example, a problem calls for the
solution of d from the equation:
d
v
t
To do this is to reorganize the equation such that d will be isolated. Transpose t to the
other side by multiplying both sides of the equation by t.
v(t ) 

d
t  ; when equals are multiplied by equals, the result is equal.
t

t on the right cancels out so, we have
vt   d

or

d  vt
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Should t be asked for in the problem, then the solution is
1st ) multiply both sides of the equation by t
2nd ) divide both sides by v
So, we have:
d
t

v

d

v   t
t

vt  d
(vt  d )
v
t

d
v

Some tricks could be useful:
d
v

t

Put your finger on the variable you want and you can read the results:
Example:

1. Cover d with your finger. You are left with v t. So: d=vt
2. Cover t with your finger. You will see d/v. So : t=d/v
3. Cover v with your finger. You have d/t. So: v=d/t
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II. Relationship between Two Physical Quantities
One of the most important objectives in a physics experiment is to find out possible relationships
existing between two quantities. In secondary physics education, about three kinds of relationships are
commonly encountered. In the real world, however, there could be more. Sometimes too it is difficult to
establish a relationship between two quantities.
a) Direct Proportion – If the ratio between two quantities is constant, the two quantities are
directly proportional to each other. Consider the following data shown in the table below.
load
elongation
load/elongation

0
0
-

5
2
2.5

10
4
2.5

15
6
2.5

20
8
2.5

25
10
2.5

We see that when the load is doubled, the elongation also doubles. also, the two quantities have
constant ratio. Note that in an actual experiment, however, the readings seldom show such clear
relationships. This is due experimental and measurement errors which are too difficult to avoid.
b) Inverse Proportion – Two quantities whose measurements are shown.
m
a
mxa

0
0
0

30
40
1200

40
30
1200

60
20
1200

120
10
1200

240
5
1200

Again, there is a one to one correspondence between each value of m and the corresponding value
of a. But notice that when m is doubled, a is halved, when m is increases four times, a is reduced to onefourth, and so on. we can say that a is inversely proportional to m.
1
m
or a is directly proportional to the inverse of m. Take note that m and a have a constant product (1200).
a

c) A direct square proportional relationship takes place when one quantity is directly proportional to
the square of the other. Consider the following set of data.
d
t
t2
d t2

10
1
1
10

20
1.41
1.99
~10

30
1.73
2.99
~10

40
2
4
~10

It is quite difficult to establish relationship between d and t at once. Squaring the values of t we
obtain a constant ratio between d and t2. We can then say that d is directly proportional to the square of t.

d  t2
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III. Graphs
Another way to find the relationships between two quantities is by means of a
graph. These graphs come in different kinds. The following graphs are commonly
encountered in high school physics.
1)
A straight diagonal graph shows direct
proportionality relationship in between e and l.
In symbols: e  l.

e

l

2)
a
This curve suggests inverse proportional
relationship between m and a.

m

 m

a

Plotting a graph of the inverse of m, 1

against a results in this straight line graph. We
then can say that, a is directly proportional to the
inverse of m: m  1
m

 

1/m
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3)

This curve appears to be parabola of the first order
which would suggest a direct square proportionality
between d and t.

d

t

Plotting d vs t2 results in a straight line graph which
confirms that the former graph is a parabola of the first
order d and t 2 are said to be in direct proportion

d

d  t2
t2
Note that in practice, plotted points seldom lie on the line. It should be pointed out to students
that errors in both measurement and experiment are always encountered, thus making the the
results approximate theoretical relationships.
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BUREAU OF LEARNING RESOURCES (FORMERLY NATIONAL SCIENCE TEACHING INSTRUMENTATION CENTER)
The National Science Teaching Instrumentation Center (NSTIC) started as a Philippine-German Cooperation
Project under the then Department of Education, Culture and Sports, implemented by DECS-EDPITAF and GTZ
(German Agency for Technical Cooperation). It was established under Executive Order No. 112 on July 22, 1993 by his
Excellency, President Fidel V. Ramos.
With close coordination with the Department of Science and Technology (DOST), the Center is tasked to carry out
the following objectives:
To develop prototypes of science teaching equipment and materials using indigenous materials and locally
available technology, adapted to the curriculum and tested for learning effectiveness for adoption by the school system;
To develop user’s manuals and experimentation manuals for science teaching equipment;
To develop and prescribe standards for science teaching equipment and materials in the country;
To assist the private sector in developing its capability to mass produce the science equipment prototypes
developed by the Center by;
a) providing technical assistance to local manufacturers; and
b) establishing collaborative linkages for data and information
exchanges between the education sector and the manufacturing
industries such as the education sector’s demand for and the private sector’s capability to supply science
equipment and parts thereof;
To develop and provide training programs for science teachers for the effective teaching of science using the
instructional equipment and materials developed by the Center as well as those that may be developed by the teachers
themselves;
To undertake quality control of science equipment and materials being provided to the public schools, in order to
ensure that these equipment and materials meet the technical specifications set forth by the Center; and
To develop and implement a system of repair and maintenance of science equipment provided to the public
schools.
The Center houses facilities for prototype fabrication of science teaching equipment as well as research and
training facilities for educational and technical development.
After the Rationalization Plan the National Science Teaching Instrumentation Center was merge with three other
bureaus of the Department of Education and became collectively known as Bureau of Learning Resources. Being situated
in Cebu City the former National Science Teaching Instrumentation Center is renamed as BLR Cebu. It is the first and
presently the only national office located outside of Metro Manila.
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BUREAU OF LEARNING RESOURCES (CEBU)
(FORMERLY NATIONAL SCIENCE TEACHING INSTRUMENTATION CENTER)

The National Science Teaching Instrumentation Center (NSTIC) started as
a Philippine-German Cooperation Project under the then Department of
Education, Culture and Sports, implemented by DECS-EDPITAF and GTZ
(German Agency for Technical Cooperation). It was established under Executive
Order No. 112 on July 22, 1993 by his Excellency, President Fidel V. Ramos.
With close coordination with the Department of Science and Technology
(DOST), the Center is tasked to carry out the following objectives:
To develop prototypes of science teaching equipment and materials using
indigenous materials and locally available technology, adapted to the curriculum
and tested for learning effectiveness for adoption by the school system;
To develop user’s manuals and experimentation manuals for science
teaching equipment;
To develop and prescribe standards for science teaching equipment and
materials in the country;
To assist the private sector in developing its capability to mass produce the
science equipment prototypes developed by the Center by;
a) providing technical assistance to local manufacturers; and
b) establishing collaborative linkages for data and information
exchanges between the education sector and the manufacturing
industries such as the education sector’s demand for and the private
sector’s capability to supply science equipment and parts thereof;
To develop and provide training programs for science teachers for the
effective teaching of science using the instructional equipment and materials
developed by the Center as well as those that may be developed by the teachers
themselves;
To undertake quality control of science equipment and materials being
provided to the public schools, in order to ensure that these equipment and
materials meet the technical specifications set forth by the Center; and
To develop and implement a system of repair and maintenance of science
equipment provided to the public schools.
The Center houses facilities for prototype fabrication of science teaching
equipment as well as research and training facilities for educational and technical
development.
With the advent of the Rationalization Plan the National Science Teaching
Instrumentation Center (NSTIC) was merge with three other bureaus of the
Department of Education and became collectively known as Bureau of Learning
Resources. The former NSTIC, in Cebu City is now one of the two BLR offices the
other of which is situated at the DepEd Complex, Meralco Avenue, Pasig City.
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SCIKIT MECHANICS Equipment List
SciKit Basic Items Used in SciKit Mechanics Experiment Setups
Items

multiclamp

stand base

stand supports

universal
bosshead

Qty/ set

1. Carts-Rail System
a) Rods undersized on ends
b) Leveling pad
c) Dynamics cart
A-spring loaded
d) Dynamics cart
B-w/ counter weight
e) Motorized cart
f) Stopper
g) 50 g cylindrical mass
h) 3 g mass
i) Plastic hose (3m)
j) Plastic hammer
2. Free-Fall Apparatus
a) Solenoid
b) Pad switch
c) Digital stopwatch
d) Synchro box
e) Steel ball (25 mm)
f) Steel ball (12.7 mm)
g) Plastic ball (25 mm)

Items

5 sets
5 pairs
5 pcs

5. Lever
a) Lever beam
b) Beam axle

5 sets
5 pcs
5 pcs

5 pcs

6. Pulleys
a) Single pulley
b) Double pulley

5 sets
10 pcs
10 pcs

7. Spring balance
a) (10N)
b) (5N)
c) (2N)

5 sets
5 pcs
5 pcs
5 pcs

5 pcs
5 pcs
5 pcs
25 pcs
25 pcs
5 pcs
5 pcs
5 sets
5 pcs
5 pcs
5 pcs
5 pcs
10 pcs
10 pcs
10 pcs

3. Hooke’s Law Apparatus
a) Extension spring
b) Disc pointer assembly

5 sets
5 pcs
5 pcs

4. Friction Apparatus
a) Friction board
b) Friction block

5 sets
5 pcs
5 pcs

8. Utility Spring Scale
9. Meter tape
10. Pointer
11. C-clamp w/ Hook

5 pcs
5 pcs
5 pcs
10 pcs

12. Hooked Masses
a) 500 grams
b) 250 grams
c) 20 grams

5 sets
5 pcs
10 pcs
25 pcs

13. Accessories
a) Plastic modeling clay
b) String (thin)
c) String (thick)
d) Dry cell size D
e) Dry cell size AA

stand rods

Bureau of Learning Resources

Qty./set

Bureau of Learning Resources

5 boxes
5 spools
5 spools
5 pcs
5 pcs
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10-Newton spring balance

nozzle
holder

motorized cart
w/size AA dry
cell

5-Newton spring balance
dry cell
size AA
suspension
spring

single
pulleys

Note: Place plastic hose
on top of spring balances.

friction
block

2-Newton spring balance
c-clamp
w/hook
double pulleys

lever axle

disk
pointer

Storage Case No. 003

Bureau of Learning Resources

500-g
hooked
mass

250-g
hooked
mass
250-g
hooked
mass
3-g ring masses

lever beam

20-g hooked
masses

This edition of SciKit Mechanics science equipment manual goes with the
change in the nomenclature of BLR Cebu (formerly NSTIC) developed
equipment. The naming of developed equipment was done by batches called
Batch A for basic equipment, Batch B for mechanics, and the next was called
Batch C, and so on. To simplify and for quick identification, the equipment
group is now directly named for its application. Thus, SciKit Mechanics for
mechanics equipment.
As with the previous editions, this manual contains step-by-step assembly
instructions and exploded diagrams. Each individual item is presented with
drawings and a brief description of functions. Item parts are pointed with
arrows for a detailed guide.
In the first part of this manual you will see measuring and multi-application
items (pages 1 to 4). These are useful in almost all experiments. The succeeding
items are grouped per application. Carts-rail system is for the study of
kinematics and dynamics. Free-fall apparatus is used to investigate acceleration
due to gravity and the motion of falling objects. Hooke’s Law to study
elasticity, friction setup for investigating factors affecting friction, and finally,
simple machines (levers and pulleys). For detailed experiment procedures, refer
to SCIKIT MECHANICS EXPERIMENT MODULES. You will find both
Teacher’s Guides and Student’s Worksheets.
But first before using the items, be aware of safety precautions. On the next
page you will find safety guidelines. Read them carefully before using the
items.
To lengthen usable life of the equipment, we are also including maintenance
and storage guides. See pages 23-26.
Please note however that almost all experiments in SciKit Mechanics kit
make use of items found in the SciKit Basic kit. On the last page you will see
pictures of SciKit Basic items. These are the stand base, stand support,
multiclamp, universal bosshead, and stand rods. These items serve as mounting
blocks in mechanics experiment setups.
If you have questions and suggestions, please contact NSTIC. Our contact
details are found at the back cover of this manual.

extension spring
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Safety Precautions

synchro box with connecting wires

solenoid

pad switch

meter tape
dry cells,
size D

pointer

case for
free-fall
spheres

1. Never allow students to engage in horseplay. A lot of accidents in the
laboratory are caused by horseplay and jokes.
2. No single item in this kit is to be connected to a mains line, 220 volts
wall outlet.

stopwatch

3. Never allow students to do unauthorized experiments. Never allow any
student to work alone in the lab if it is avoidable. If this must be the case,
check on them periodically.
4. Make sure students understand the instructions to the activity.

Storage Case No. 001

5. Never allow children or pets inside the laboratory.

plastic hammer

dynamics cart B

3-g ring
masses

leveling pad

without spring
50-g disk
masses

7. Work areas must be clean and free of unnecessary materials.

dynamics cart A
with spring

6. Be aware of dangling jewelry, loose clothing, or long hair, that might get
caught in the equipment. Instruct students to remove and keep safe dangling
jewelry. Tie, zip, pin, button, or remove loose clothing (such as jackets,
shawls) when possible . Pin back, tie hair and use a hair net or head scarf.

8. Make sure all apparatus assembly are firmly clamped.
thick
string

thin
string

Stopper with
guide wheel

9. Only use equipment that is free from cracks, chips, and other defects.
10. Make a regular inspection of items to check for possible defects.

Note: Modeling
clay is put on top
of masses.

Storage Case No. 002

Bureau of Learning Resources

Bureau of Learning Resources
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Maintenance

CONTENTS

Multipurpose Equipment……......1-3
Spring balances…………………...1
Utility spring scale………………..1
Meter tape assembly……………...2
Slide pointer………………………2
C-Clamp with hook……….……...3
Hooked masses…………….……..3
Carts-Rail System………………4-10
Motorized cart………………….…4
Dynamics carts……………………4
Leveling pad………………………5
50-gram disk masses……………...5
3-gram ring masses...……………..5
Hose level………………………...6
Rods undersized on ends………....6
Cart stopper with guide wheel……6
Carts-rail system assembly guide...7
Using the hose water level………..8
Carts-rail explosion diagram……..9
Setup for Newton’s first law…….10
Setup for Newton’s second law....10
Setup for momentum…………….11
Setup for the inclined plane....…..11

Hooke’s Law Accessories..………17-18
Extension spring………………………17
Disk pointer…………………………...17
Setup for Hooke’s law experiment..….18

It is very important to keep in mind that these equipment are designed
for laboratory use and not for carpentry jobs like leverage in opening stuck
doors, as in the case of rods. Use the equipment for its intended function
only. The following are general maintenance tips:

Friction Apparatus ………………….19
Friction block…...…………………… 19
Friction board..………………………..19
Setup for sliding friction experiment…19

1. Avoid dropping the items.

Lever………………………………….20
Beam and axle……..………………20
Setups for lever experiments.……...20

3. Do not use the hose level as viaduct for strong reagents, nor twist it out of
shape.

Pulleys…………………………….21-23
Single pulley……………………......21
Double pulley..…………….……….21
Pulley system setup……..……....22-23
Storage and Maintenance…...…...24-25
SciKit Mechanics Storage Cases...26-27
SciKit Basic Items Used in SciKit
Mechanics Experiment Setups...……28

2. Oxidation (rusts) on metal surfaces can be removed with fine sand paper,
preferably #600.

4. Close and clip the dry cell compartment of the motorized cart at all times
except when changing dry cells.
5. Make sure electrical contacts are free of grease, dirt, and moisture before
using them.
6. Do a regular inventory and maintenance schedule of all the items.

Free-Fall Apparatus…………..12-16
Solenoid…………………………12
Pad switch……………………….12
Synchro box……………………..13
Free fall spheres…………………14
Electronic digital stopwatch…….14
Free-fall experiment setup ..…15-16
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Multipurpose equipment are used in almost all experiments. Examples of
these items are measuring instruments and accessories.
Spring balances

zero (0) adjust knob

end of casing
is reference















































Store equipment by batches; group all items belonging to SciKit Basic
properly labeled. SciKit Mechanics equipment are packaged in storage
cases. There are 3 cases: 001, 002, and 003. Each storage case contains
different sets of equipment (See illustrations on pages 25 to 26). Keep all
items in their specified compartments especially those that are small and
fragile like springs, spring balances, disc pointer, ring masses, and 20-g
hooked masses.
Store the long and some big items like rails flat on the lowest shelf of
the storage cabinet. If you choose to position them vertically, make certain
that they are not inclined and leaning on the wall of the cabinet to avoid
being bent or deformed.
Fold the wire connectors of the synchro box tidily and arrange these in
the box. Do not wrap wire connectors around the synchro box.
Always remove the dry cell from the compartment immediately
after laboratory activity in order to lengthen dry cell life. Dispose of
properly unusable dry cells.
Screws are expendable parts of some equipment like the solenoid,
pad switch, leveling pad, C-clamp, and pulleys. When storing screws,
secure these in proper position: not too tight, neither too loose.
Always keep the springs of spring-loaded items like the dynamics
cart A, spring balances, and utility scale in unstressed (without loads)
position during storage. This will maintain the spring’s elasticity for a
longer time.

MULTIPURPOSE EQUIPMENT




















STORAGE AND MAINTENANCE
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hook

2N, 5N, and 10N capacities are included in the kit. Adjusting the spring
balance to zero can be tricky. When used to measure weights or measure
forces horizontally as in friction experiments, position spring balance
vertically with hook pointing downward and turn zero (0) adjust knob
clockwise or counter clockwise until zero line coincides with end of casing.
End of casing is used as reference to mark spring balance reading. When used
to “pull down” forces as in the pulley and lever experiments, adjust to zero by
holding the spring balance vertically with the hook pointing upward, then
turn knob clockwise or counterclockwise.
Utility spring scale
This is a commercial kitchen
scale. It conveniently measures
relatively large masses in
experiments, like the dynamics
carts. Zero (0) adjust knob is
located on the upper rear
portion of the scale body.

Bureau of Learning Resources
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zero (0) adjust knob
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Meter tape assembly
other hook to anchor
on other rod; see pp
14-15, p 17

hook to anchor on
rod; pp 14-15, p 17

Pulley system experiment setup
Double pulley experiment setup. See Experiment Manual on Pulleys for
complete instructions.

body

The meter tape assembly is made from a commercially available tape rule
reconfigured to make compatible with NSTIC stand set and rail assemblies.
To mount in a setup, anchor one hook of a tape assembly onto one rod, pull
tape body, and anchor the other hook to the second rod. On pages 15 and 16
the tape is used with the free fall setup. On page 18 the tape is used with
Hooke’s law experiment. Page 23 shows the tape on the pulley setup

Slide pointer

meter
tape

stand set from SciKit Basic

The slide pointer shown above, is used with a meter tape assembly to
indicate the position of objects minimizing measurement errors due to
parallax. To mount on rod: 1) position the pointer perpendicular to rod,
with its groove ready to grip rod, 2) quickly push onto the rod. See pages
15 and 16 for complete illustration of the setup. The slide pointer is to be
used with the 12.7 mm X 1000 mm rod only. It can never be fixed onto the
9.5-mm diameter rod.
Bureau of Learning Resources
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PULLEY SYSTEM SETUP GUIDE

Page 3

C-clamp with hook

tightening screw

mouth

5

hook for suspending springs

How to mount your double pulley system:
1. Anchor one end of string to lower hook of
the fixed double pulley.
2. Pass string clockwise along groove of the
lower small pulley.
3. Pass string clockwise along the groove of
the upper small pulley.
4. Pass the string clockwise along the groove
of the lower large pulley.
5. Pass string along the groove of the upper
large pulley clockwise.
6. Anchor the other end of the string to the
hook of spring balance.
7. Now, your setup is ready for the
experiment. See next page for full
experiment setup.

3

1

2

4

The clamp shown above is called a C-clamp because it resembles the letter
C. To use, mount on the rod via the mouth opening and tighten it by means
of its screw. The hook is used to suspend springs. See page 18, Hooke’s
law experiment setup.
Hooked masses

hooks for suspending onto
string, pulley, or spring balance

6

slots

The 20 g hooked mass is used as weights in Hooke’s law experiment
(page 18). The larger masses are for pulley (pages 21 to 23) and friction
experiments (page 19). The bottom of each mass has a slot. Looking
through each slot, you will see a pin across, at the bottom. This is used for
interconnecting additional masses. Simply insert the hook of each
succeeding mass through the slot of the preceding and suspend this on the
pin.
Bureau of Learning Resources
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CARTS-RAIL SYSTEM

PULLEYS

The carts-rail system is used to study kinematics and dynamics. The items
that follow constitute the carts-rail system.

Single Pulley

Double Pulley
hook for fixing
to multiclamp

Motorized cart
The motorized cart is primarily
used for uniform motion
experiment. The cart is powered
by a single sized 1.5 volt AA dry
cell.

Two kinds of pulleys are included in the kit. These are the single pulley and
the double pulley. One can construct different pulley systems by combining
different kinds of pulleys. The diagram below shows sample pulley systems.
Dynamics carts

vertical rod is for inserting 50-g disk
masses to vary cart’s mass

strike push rod downward
to release retracted spring

retractable spring

A

these slots provide
anchor for string

B

The dynamics carts is composed of 2 carts. Cart A is mounted with a
retractable spring and cart B, without a spring. Retracted spring on cart A
can be released by striking the push rod mounted on top of cart body.
The pair of vertical slots on the front of cart B, and on the rear of cart
A, serve as anchor for the string. See Experiment Manuals on Newton’s 1st
and 2nd Laws of Motion, Momentum for detailed experiment instructions.
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Leveling pad

LEVER

grooves to
cradle rods

beam and axle
axle

beam

The lever is composed of two items: the beam and the axle. The axle
needs to be fixed into a multiclamp in the stand set. The beam can be
mounted onto the axle through the beam’s round holes. The figures below
show sample setups. See Experiment Manual on the Lever for complete
instructions.

bolt heads

The leveling pad is used to support the mid
portion of the rail to keep the rods from
undue sagging and bending. The pad should
be at its lowest level or position before
putting it underneath the rail. This can be
achieved by turning the leveling bolt fully
counterclockwise. Place the pad underneath
the mid-portion of the rail and turn the bolt
clockwise until each groove of the pad just
touches the rods. Do not over elevate the pad.
When this happens, one or both stand bases
could be lifted upwards, making the rail setup
unstable. See pages 8 to 11 for the illustration
of the setup.

50-gram Disk Masses

Setups for lever experiments
The hole at the center of each disk mass is for inserting the vertical rod
mounted on top of the dynamics carts’ chassis. Putting one disk mass after
another on the cart increases the cart’s mass in increments of 50 grams. See
pages 10-11 for the illustration of the setup.
3-gram Ring Masses
slot

When suspended on a string, these provide the net force to accelerate the
dynamics cart in Newton’s Second Law of Motion experiments. To use the
masses, simply insert the string through the slot of each ring. See pages 9 to10
for the illustration of the setup.

stand set from
SciKit Basic
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FRICTION APPARATUS

Hose level
The water hose level is used to set the
rail horizontally level. This is essential
in doing experiments on Newton’s
Laws of Motion. See page 8 for
instructions on how to use the water
hose level.

Rods undersized on ends

Friction block
The friction apparatus is composed of
a friction block and a friction board.
This apparatus is used to investigate
factors that may influence the force of
sliding friction. The friction block has
three different kinds of surfaces: vinyl,
rubber, and wood. For each kind of
surface the larger area is about two
times the smaller area. The slots that
cut along corners is to facilitate
insertion of the hook of a spring
balance. Inside each slot are pins to
anchor the hook of a spring balance.

slot

vinyl surface

Friction board
This pair of rods serves as the rail used for experiments on Motion,
Newton’s Laws of Motion, and the Inclined Plane. The undersized
ends of each rod is to be inserted through the horizontal hole of each
stand base. See pages 7 to 11 for the illustration of the setup.

Cart stopper with guide wheel
The cart stopper with guide wheel is used in
Newton’s 1st and 2nd laws of motion
experiments. The wheel serves as guide for
the string anchored to the dynamics cart.
See pages 9 to 10 for the illustration of the
setup.
Bureau of Learning Resources

The friction board is where the friction block slides along (drawing
below). One side is covered with velvet upholstery material and the other
side is wood. See Experiment Manual on Friction for complete instructions.

cart
stopper
guide
wheel

Setup for sliding
friction experiment
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CARTS-RAIL SYSTEM ASSEMBLY GUIDE

Setup for Hooke’s law experiment
SciKit Basic
1 stand base
2 stand supports
1 stand rod, 12.7 mm x 1000 mm
1 stand rod, 9.5 mm x 500 mm
1 stand rod, 9.5 mm x 250 mm
1 multiclamp

Basic rail setup

lock screws should
be on the same side

C-clamp
w/hook

SciKit Mechanics
1 meter tape
1 C- clamp with hook
1 extension spring
1 disk pointer assembly
5 hooked masses, 20 g

stand base from
SciKit Basic

rods undersized
on ends inserted
thru stand base

spring

disk pointer

Setup elevated on one end for acceleration experiment
dynamics cart B
without spring

meter tape
assembly

20-gram hooked masses
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HOOKE’S LAW ACCESSORIES
USING THE HOSE WATER LEVEL

Extension spring

How to level rail horizontally using a hose water level

keep this
end of
hose fixed

Figure 1

Figure 2

align lower
water meniscus
inside the hose
with the edge
of the stand
base

1. Keeping the plastic hose in U-shape, fill it with about 3/4 amount of water
(Figure 1). Make sure the water inside the hose is free of air bubbles.
2. Position the hose with water as shown in Figure 2 above.
3. Move the right hand side of the hose (you can also move the left hand side
of the hose if you wish) up and down until the lower meniscus of the water
inside the hose, aligns with the edge of the stand base. Keep the other end
of the hose fixed while you do this.
4. Since water seeks a level automatically, you will have an idea if the other
end of the rail is lower or higher.
5. To confirm your finding, do procedure number 3 with the left hand side of
the hose, this time, keep the right hand side of the hose fixed.
6. Put some pieces of cardboard underneath the stand base found to be at a
lower level.
7. Finally, place the leveling pad underneath the mid-portion of the rail and
adjust its screw heads, just enough to make its grooves come into contact
with the rods.
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Only one kind of spring is provided. This will provide the basic concept of
Hooke’s law. One end will be suspended from the stand rod via the C-clamp
and the other end is where the disk pointer (below) will be suspended. See the
experiment setup diagram on the next page.

Disk pointer

edge serves as pointer

one hook to be
suspended on
spring
other hook for
suspending weights

The disk pointer is especially made to pair with the extension spring in
Hooke’s law experiment. One hook is for suspending on the extension
spring above, and the other for suspending weights. See the experiment
setup diagram on the next page.
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Free-fall apparatus exploded setup

In the succeeding pages you will see more complicated experiment
setups. The exploded view diagram below will guide you on how to
construct a certain experiment setup.

meter tape
assembly
solenoid with
adjustable core

Carts-rail system exploded setup

to solenoid

string
pointer
stopper with guide
wheel to be
mounted on vertical
hole of stand base

pad switch

clay to
compensate
for friction

rods undersized on
ends to be inserted
thru horizontal holes
of stand base

to stopwatch

3-g ring
mass/es

to pad switch

stopwatch

metal or plastic ball

synchro box

stand base
from SciKit
Basic
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stand support
from SciKit
Basic
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Free-fall experiment setup
Setup for Newton’s first law of motion experiment

string anchored to
vertical slots of cart

guide
wheel

Component List:
SciKit Basic Items:
1 stand base
2 stand supports
1 stand rod, 12.7 mm x 1000 mm
1 stand rod, 9.5 mm x 500 mm
1 stand rod, 9.5 mm x 250 mm
3 multi clamps

SciKit Mechanics:
1 solenoid
1 pad switch
1 synchro-box
1 electronic digital stopwatch
1 meter tape
1 slide pointer
1 set metal, plastic balls

dynamics cart B
(without retractable
spring)
clay to counter
friction
between
moving parts

Setup for Newton’s second law of motion experiment

Please see next page for component
mounting guide (exploded setup).

50 gram disk masses
to vary cart’s mass

clay to
compensate
for friction

Bureau of Learning Resources

weight of
suspended
ring masses
provides net
force
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Free-fall spheres

Setup for momentum experiments
push rod to release
retracted spring in
front of cart

plastic hammer for striking
push rod on top of cart A
50-gram disk mass

Cart A

The free-fall spheres serve as the falling objects in the free-fall
experiment. The spheres come in different weights and sizes which could be
helpful in investigating how factors like the weight and the size of an object
affect its rate of fall. The plastic sphere has embedded paramagnetic metal to
be attracted by a solenoid (see solenoid on page 12).

Cart B

retractable spring

Setup for the inclined plane experiment
Electronic Digital Stopwatch
press this button to start
or to stop the stopwatch

press this button
to reset the stopwatch
to zero (0)

The electronic digital stopwatch automatically counts the time of fall of
the spheres in a free-fall experiment. The RCA jack is for connecting to the
synchro box. To reset to zero (0) you have to do it manually. When used as
a timing device in other experiments, e.g., uniform motion, all operations
will have to be done manually. See pages 15 to 16 for the illustration of the
free fall setup.
Bureau of Learning Resources

spring balance

one end is
elevated via
rod fixed on
stand set

One more application of the carts rail system is the inclined plane. Elevate one
end of the rail by way of a rod mounted on the stand set. See figure above.
Bureau of Learning Resources
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FREE-FALL APPARATUS

Synchro Box

The following items comprise the free fall apparatus. See page 14 for
complete setup illustration. Experiment manual on Motion III gives detailed
instructions.
Solenoid

terminals
to connect to
synchro box

turn to adjust
position of iron
core inside

The solenoid is an electromagnet that holds
the spheres (steel and plastic with metal
implant) at a predetermined height. When
current is cut off, it loses its magnetism, and let
the once attracted sphere, fall. Its core
protrudes underneath to make contact with the
spheres. It can be adjusted at different positions
inside the solenoid to vary the magnetic
strength. This is important because if the
magnetic force is too strong, magnetic residue
will also be large and this may keep the sphere
from falling freely, at the start. This may
contribute to erroneous results. After some
adjustments, you should be able, to determine
the optimum strength to initially keep the
sphere in place. See pages 15 to 16 for
complete illustration of the setup.

The synchro box is the control center of the free fall setup. It is called
“synchro” because it synchronizes all electrical components in the setup.
When the switch is pressed, current to the solenoid is cut off and the
stopwatch starts counting. Pressing the button switch again deactivates the
stopwatch. In the experiment, the falling sphere will have enough force to
open the pad switch. See pages 15 to 16 for the illustration of the setup.

battery cover

to pad
switch

switch

landing pad

Pad Switch

to stopwatch

The pad is functionally an electrical
switch. Before the start of the
experiment, the pad switch should be
closed. The figure on the right shows
the pad switch in closed position. See
pages 15 to 16 for complete illustration
of the setup.
non polar terminals
for connection to
synchro box
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to solenoid
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