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The Cambridge IGCSE Physics (0625) curriculum is globally recognized for its rigorous approach to fundamental
scientific principles. Among its various assessment components, Paper 6 (Alternative to Practical) stands out as

a unique challenge, requiring students to demonstrate experimental proficiency and analytical reasoning through a
written format. This article provides an in-depth technical breakdown of the 0625/62 February/March 2017paper,
focusing on the core mechanics of experimental physics, thermodynamic investigations, and the systematic
methodologies required to excel in this specific assessment variant.

1.The Theoretical Framework of Paper 6: Alternative to Practical

Paper 6 is designed for candidates who may not have access to a full laboratory setting for assessment or as a
means of testing the theoretical understanding of practical skills. It evaluates a candidate's ability to describe lab
procedures, analyze data, identify sources of error, and suggest improvements. The 0625/62 variant typically
focuses on four major areas: Thermal Physics (Thermodynamics), Electricity and Magnetism, Mechanics, and
Optics.

1.1 Cognitive Skills in Experimental Physics

To master Paper 6, candidates must navigate beyond rote memorization and apply higher-order cognitive skills,
including:

e Observation and Measurement: Identifying appropriate instruments (e.g., calipers, micrometer screw gauges,
stopwatches) and their levels of precision.

< Data Manipulation: Calculating averages, gradients, and using significant figures correctly according to
IGCSE standards.

e Experimental Design: Formulating a logical sequence of steps to test a hypothesis while controlling variables.

« Critical Evaluation: Distinguishing between systematic and random errors.

2.Technical Deep Dive: Thermodynamics and Rate of Cooling (Question 1
Analysis)

The February/March 2017 paper (0625/62) notably features an investigation into how surrounding temperature
affects the rate at which water cools. This experiment is a cornerstone of thermal physics, testing the student's
understanding of Newton’s Law of Cooling and heat transfer mechanisms.

2.1 Newton’s Law of Cooling: Mathematical Basis

While the IGCSE syllabus does not always require the full differential equation, the concept is based on the
principle that the rate of change of the temperature of an object is proportional to the difference between its own
temperature and the ambient (surrounding) temperature. The formula can be simplified as:

dQ/dt =h x A x (T(t) -T_env)



Where:

dQ/dt: Rate of heat transfer (Watts).

« h: Heat transfer coefficient.

e A: Surface area.

T(t): Temperature of the object at time t.
e T_env: Temperature of the environment.

2.2 Experimental Setup and Procedural Execution

In the 2017 March series, students are presented with a scenario using beakers of hot water. The procedural
technicalities include:

1. Initial Conditions: Ensuring the starting temperature is consistent across trials to maintain a fair test.

2. Measurement Intervals: Recording temperature every 30 or 60 seconds. Frequent sampling reduces the
impact of a single anomalous reading on the overall cooling curve.

3. Thermal Equilibrium: The importance of stirring the water before taking a reading to ensure the temperature
is uniform throughout the liquid bulk.

3. Comparative Analysis: Paper 5 vs. Paper 6

Understanding the distinction between the Practical Test (Paper 5) and the Alternative to Practical (Paper 6) is
crucial for strategic preparation. The following table highlights the core differences in assessment style and
requirement.



Feature

Physical Execution

Error Assessment

Data Generation

Time Pressure

Key Skill

Paper 5 (Practical Test)

Hands-on use of apparatus in a
laboratory.

Actual measurement errors based on
physical dexterity.

Candidate generates their own data
points.

High; requires managing setup and
recording simultaneously.

Manipulation and observational
accuracy.

Paper 6 (Alternative to Practical)

Written description and analysis of
hypothetical experiments.

Identification of theoretical errors in
provided setups.

Data is usually provided in tables or
read from diagrams.

Moderate; focuses on logical flow and
precision of language.

Analytical reasoning and experimental
design.

4. Measurement Precision and Instrumentation

A significant portion of the 0625/62 paper involves reading scales from diagrams. Precision is paramount, and the
IGCSE requires specific attention to the limit of reading and uncertainty.

4.1 The Thermometer: Avoiding Parallax Error

When reading a liquid-in-glass thermometer, as seen in the cooling rate experiment, the observer’s line of sight
must be perpendicularto the scale. If viewed from an angle, the apparent position of the meniscus changes,
leading to a parallax error. In technical writing and exam responses, candidates must specify that the eye should be
level with the top of the liquid column.

4.2 Electrical Measurements: Ammeters and Voltmeters

In the electricity questions of the 2017 paper, precision in reading analog scales is tested. Students must determine
the value of each small graduation on the scale. For instance, if there are 10 divisions between 0.2A and 0.4A,
each division represents 0.02A. Failure to identify this increment is a common source of mark loss.

5.The Mechanics of Graph Plotting in Physics 0625

Data visualization is a core requirement for Paper 6. Students are often asked to plot a cooling curve or a voltage-
current graph. The technical standards for these graphs are non-negotiable:

e Scale Selection: The plotted points must occupy more than half of the available grid in both the x and y
directions.

¢ Labeling: Axes must be labeled with the quantity and the unit (e.g., Time / s or Temperature / °C).

« Line of Best Fit: This should be a smooth curve or a thin, straight line that averages the distribution of points. It
should not be a "dot-to-dot" connection.

¢ Anomalies: Points that fall significantly away from the line of best fit must be identified as outliers and often
ignored in the gradient calculation.

6. Detailed Investigation: Variables Affecting Heat Loss

In the context of the 0625/62 March 2017 paper, the experiment often looks at factors such as the surface area of
the water, the color of the container, or the presence of alid. Below is a structured analysis of how these



variables impact the rate of cooling.



Variable Impact on Cooling Rate Physical Explanation

Surface Area Increases cooling rate. Greater area for evaporation and
convection to occur at the water-air
interface.

Lid Presence Decreases cooling rate. Traps a layer of warm air (insulation)
and prevents mass loss via
evaporation.

Container Color Matte black increases; Shiny silver Darker, matte surfaces are better

decreases. emitters of infrared radiation than
shiny ones.

Insulation Thickness Decreases cooling rate. Increases the thermal resistance (R-

value) of the container walls.

7. Common Pitfalls and Troubleshooting in Practical Papers

Technical writing in physics requires identifying what can go wrong. Based on the March 2017 0625/62 mark
scheme, examiners frequently look for the following insights into experimental limitations:

7.1 Heat Loss to the Environment

A common error in thermodynamics experiments is the assumption that all heat loss is accounted for. In reality,
heat is lost through the sides of the beaker (conduction/convection) and the top (evaporation). To mitigate this,
scientists use insulating jackets or vacuum flasks.

7.2 Reaction Time Errors

When using a stopwatch to measure the cooling time or a mechanical oscillation, human reaction time (typically
~0.2s to 0.3s) introduces a random error. This can be minimized by measuring over a longer period or taking
multiple readings and calculating a mean.

7.3 Parallax and Alignment in Optics

In optics questions involving pins and lenses, the alignment of pins must be exact. Students are often asked why
pins should be placed far apart. The technical reason is that a greater distance between pins reduces the
angular uncertainty when drawing the refracted or reflected ray.

8. Formulating the Investigation Plan (The 6-7 Mark Question)

A significant portion of the modern Paper 6 (including the 2017 series) is the planning question. Here, candidates
must design an experiment from scratch. A high-scoring response must follow a logical hierarchy:

1. Apparatus: List all necessary equipment (e.g., power supply, ammeter, wire of varying lengths).

2. Procedure: Step-by-step instructions on how to perform the experiment.

3. Control Variables: Identify what must stay the same (e.g., constant voltage, same cross-sectional area of
wire).

4. Data Collection: Specify what is being measured and what is being calculated.

5. Data Analysis: State that a graph will be plotted and how the results will confirm or refute the hypothesis
(e.g., "If resistance is proportional to length, the graph will be a straight line through the origin").



9. Advanced Measurement Techniques and Calculations

The 0625/62 paper often demands specific mathematical manipulations. Consider the calculation of density or
resistance where multiple measurements are involved.

9.1 Percentage Uncertainty

While not always explicitly named in IGCSE, the concept of percentage difference is vital. Candidates are often
asked if two results are "within the limits of experimental accuracy.” To answer this technically, one must calculate
the percentage difference between the two values:

% Difference =[|Value 1 - Value 2| / Average Value] x 100%

If the result is less than 10%, it is generally considered "equal" within the context of IGCSE practical physics,
though the mark scheme for the 2017 paper specifically emphasizes comparing the values and stating if they are
"close enough."

10. Conclusion and Broad Educational Implications

The study of the 0625/62 Physics March 2017 paper reveals that success in IGCSE Physics is not merely about
understanding laws of motion or circuits, but about mastering the scientific method. The Alternative to Practical
component bridges the gap between theoretical knowledge and real-world application. It teaches students to be
skeptical of data, to respect the limitations of instrumentation, and to communicate technical procedures with
absolute clarity.

By analyzing cooling rates, electrical resistance, and optical paths, students develop a framework for problem-
solving that is applicable in engineering, medicine, and environmental science. The rigor of the 2017 Feb/Mar
series serves as a benchmark for how experimental data should be handled: with precision, logical deduction, and
a constant eye toward minimizing the uncertainties inherent in the physical world. For candidates preparing for
future sessions, the lesson is clear: focus on the "why" of the procedure just as much as the "what" of the result.
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