Physics Instructional Material

Unit 1: The Nature and Development of Physics

Fundamental Scientific Inquiry and Precision Measurement

After completing this unit, students will be able to:

+ Explain the search for physical knowledge and its historical evolution.
* Measure and report physical quantities using SI units.
 Apply rules of significant figures in scientific calculations.

+ Evaluate measurement uncertainties in experimental reports.

Construct and interpret linear graphs from experimental data.

Synthesized for Academic Excellence
Based on the National Physics Curriculum Teacher’s Guide (Grade 10)
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1 The Nature of Physics and Scientific Inquiry

Physics is the most fundamental natural science, exploring the basic constituents
of the universe and the forces acting upon them. It bridges the gap between raw
natural observations and structured mathematical laws.

1.1 1.1 The Scientific Process in Physics

Physical knowledge is built upon a cycle of inquiry:

Observation: Using instruments to extend human senses.

Hypothesis: Proposing a logical explanation based on existing laws.

« Experimentation: Testing the hypothesis in controlled conditions.

Model Creation: Synthesizing results into equations or conceptual mod-

els.

1.2 1.2 Historical Development

The evolution of physics is categorized into two major eras:

+ Classical Physics (Pre-1900): Focused on macroscopic phenomena. Key
figuresinclude Newton (Mechanics), Maxwell (Electromagnetism), and Boltz-

mann (Thermodynamics).

* Modern Physics (Post-1900): Explains subatomic particles and high-velocity
systems where classical laws fail. Key pillars are Quantum Mechanics and
Relativity.
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2 The International System of Units (SI)

To ensure clarity in international scientific communication, the SI system defines

standard units for every physical quantity.

2.1 2.1 The Seven Base Units

Table 1: SI Base Units for Physical Quantities

Quantity Symbol Unit Name Symbol
Length l,z Meter m

Mass m Kilogram kg
Time t Second S
Electric Current I Ampere A
Temperature T Kelvin K
Amount of Substance n Mole mol
Luminous Intensity I, Candela cd

2.2 2.2 Derived Quantities

Derived units are constructed from base units to represent complex phenomena:
* Force: Measured in Newtons (N), where 1 N = 1 kg - m/s>.
* Energy: Measured in Joules (J), where 1] =1N-m.
* Power: Measured in Watts (W), where 1 W =1 J/s.

2.3 2.3 Scientific Prefixes

Prefixes simplify the reporting of very large or small numbers:

Giga (G): 10° (e.g., Gigahertz)

Kilo (k): 10° (e.g., Kilometer)

Milli (m): 1073 (e.g., Millimeter)

Nano (n): 10? (e.g., Nanosecond)
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3 Precision and Significant Figures

In science, no measurement is exact. The way we write numbers indicates how

precise our instruments were.

3.1 3.1 Rules for Significant Figures

Significant figures include all certain digits plus one estimated digit.

1. Non-zero digits are always significant.
2. Zeros between significant digits are significant.
3. Leading zeros (to the left of the first non-zero) are not significant.

4. Trailing zeros are significant only if a decimal point is present.

3.2 3.2 Mathematical Operations

Addition/Subtraction Rule: Focus on decimal places. The result must match the

measurement with the fewest decimal places.

Multiplication/Division Rule: Focus on the total count of significant figures. The
result must match the measurement with the fewest total sig figs.

Suppose a metal block has a mass of 45.0 g (3 sig figs) and a volume of 15 cm?
(2 sig figs).

Density = 45.0/15 = 3.0 g/cm®,

We report as 3.0 (2 sig figs) to match the volume’s precision.
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4 Uncertainty in Measurements

Every measurementis an approximation. Uncertainty (Az) defines the range within

which the true value likely lies.

4.1 4.1 Types of Errors

+ Systematic Errors: Predictable deviations caused by faulty equipment or
bias (e.g., an uncalibrated scale).

« Random Errors: Unpredictable variations caused by environmental changes
or human reaction time.

4.2 4.2 Reading Precision Instruments

The Vernier Caliper: Allows for measurement to the nearest 0.1 mm.
1. Look at the main scale before the zero of the vernier.

2. Find the vernier line that aligns with any line on the main scale.

3. Add them together for the final reading.

4.3 4.3 Reporting Results

Scientists report data as: Result = z + Az. The uncertainty Az for a set of data is

calculated as:
Afi‘ o Tmazx — Tmin
N 2
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5 Experimental Data Analysis

Analyzing the relationship between two variables often involves plotting them on
a Cartesian coordinate system.
5.1 5.1 Graphing Techniques

+ X-axis: Independent variable (what we control).
* Y-axis: Dependent variable (what we measure).

« Trend Line: Asmooth line that represents the general behavior of the data

points.

5.2 5.2 The Linear Equation (y = mx + ¢)
The slope (m) of alinear graph is crucial as it usually represents a physical constant.

Mmoo
Ar xy— 11

5.3 5.3 Slope Uncertainty

By drawing the lines of maximum and minimum possible slopes within the error

bars, we calculate slope uncertainty as:

Mmaxz — Mimin

2

Am =
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6 Case Study: Pendulum Motion Linearization

A pendulum’s period (7)) is given by T' = 27+ /1/g. This is a non-linear relationship.
To use linear analysis, we transform the equation.

6.1 6.1 Mathematical Transformation

Squaring both sides results in:

Comparing this to y = mz + ¢:

oy:T2
cx =1
.m:ﬁ

6.2 6.2 Finding Gravity (g)

By plotting 72 against I, we can determine the experimental value of gravity from
the slope:
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7 Essential Experimental Lab Practices

To ensure high-quality data, students should follow these guidelines:

1. Selection of Tools: Use tools that match the required precision (e.g., use

a micrometer for measuring the thickness of a hair, not a ruler).
2. Zero-Error Check: Always ensure instruments read zero before starting.

3. Repetition: Conduct at least 5 trials for each measurement to calculate a

meaningful average and uncertainty.

4. Observation of Environment: Note changes in room temperature or hu-
midity that might affect sensitive experiments like sound resonance or
thermal expansion.

8 Worked Examples for Practical Mastery

A student measures the time for 10 oscillations: 12.5,12.7,12.4,12.6,12.8 s.
1. Average ¢ = 12.6 s.

2. Uncertainty At = (12.8 — 12.4)/2 = 0.2 s.

3. Final Report: 12.6 £ 0.2 s.

Diameter (d) = 10.0 = 0.1 mm, Height (k) =20.0 + 0.1 mm.

Volume V = &4 — 1570.8 mm?.

Due to the precision of the diameter (3 sig figs), the result should be reported
carefully. In advanced labs, we also propagate the uncertainty.
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9 Review Exercises

1.

Unit Conversion: An athlete runs at a speed of 10 m/s. Convert this speed
into km/h.

Scientific Notation: Express the radius of a hydrogen atom (0.000000000053 m)

in scientific notation.

Significant Figures: Determine the number of significant figures in:
* 0.00120
* 120.0

* 120

. Analysis: In an experiment measuring velocity (v) vs. time (¢), a student

obtains the equation v = (5.0 m/s*)t + 2.0 m/s.

* What is the acceleration?

« What was the initial velocity?

. Comparison: Data A is (10.0 £ 0.1) V. Data B is (10.0 + 0.5) V. Which data

set has higher precision?
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10 Answer Key for Review Exercises

1. Unit Conversion:

= 3600 s 1 km
* Speed =10 M/s x 552 X {500

* Speed =36 km/h
2. Scientific Notation:

* 0.000000000053 M = 5.3 x 10~ m
3. Significant Figures:

* 0.00120 has 3 sig figs (1, 2, and the trailing 0).
* 120.0 has 4 sig figs (All digits are significant because of the decimal).

* 120 has 2 sig figs (The trailing zero is a placeholder unless indicated other-

wise).
4. Experimental Analysis:

s Fromy=mz+c—v=at+u
- Acceleration: 5.0 m/s* (The slope).

+ Initial Velocity: 2.0 m/s (The y-intercept).
5. Precision Evaluation:

- Data Set A has higher precision.

« Reason: It has a smaller uncertainty value (0.1 V), indicating that the re-
peated measurements are more consistent and closer together than in
Data Set B (+£0.5 V).
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End of Unit 1 Course Materials
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