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Understanding the Fan Cart Physics Gizmo: A Complete Guide and Answer 
Key

Physics classrooms around the world use a variety of hands �on tools to help students visualize abstract concepts. 

One of the most engaging devices is the fan cart physics gizmo, a small cart that can be propelled by a fan, 

allowing learners to explore motion, forces, and energy transfer in a tangible way. In this comprehensive article we’ll 

walk through everything you need to know: from the basic setup and experimental procedure to the detailed 

answer keythat explains how the data should be interpreted. Whether you’re a teacher preparing a lesson plan, a

student looking for a study guide, or a science enthusiast curious about the mechanics behind the gizmo, this guide

will give you a thorough, step �by �step understanding of how the fan cart works and how to get accurate results.

Why the Fan Cart Gizmo Is a Valuable Teaching Tool

Physics often feels abstract, especially when students have to imagine forces acting in invisible ways. The fan cart

gizmo brings several core concepts to life:

•  Newton’s Laws of Motion – The cart’s acceleration, velocity, and momentum are directly observable.

•  Conservation of Energy – The energy transfer from the fan’s air flow to the cart’s kinetic energy can be 

measured.

•  Friction and Air Resistance – Students can see how these forces oppose motion and influence acceleration.

•  Data Collection and Analysis – The gizmo encourages the use of timers, motion sensors, and spreadsheets, 

reinforcing scientific methodology.

Because the fan cart is inexpensive, portable, and safe, it’s a staple in high �school physics labs and introductory 

college courses alike. The following sections provide a detailed protocol for using the gizmo, including a ready �to �use 

answer key that explains the expected outcomes and common pitfalls.

Materials Needed for the Fan Cart Experiment

Essential Equipment

1.  Fan Cart Physics Gizmo – The cart itself, usually made of lightweight plastic with a built �in fan or an external 

fan attachment.

2.  Adjustable Fan – A desk fan or a small electric fan with adjustable speed settings.

3.  Measuring Tape or Meter Stick – To record distances traveled.

4.  Stopwatch or Digital Timer – For timing the cart’s motion.

5.  Mass Scale – To measure the cart’s mass with and without added weights.

6.  Data Logger or Motion Sensor – Optional but useful for high �precision velocity data.

7.  Chart Paper or Spreadsheet Software – For recording and analyzing data.

Optional Add �Ons for Advanced Analysis

•  Force Plate – To measure the net force applied by the fan.

•  High �Speed Camera – For detailed motion capture and frame �by �frame analysis.

•  Software (e.g., Tracker, MATLAB, Python) – For advanced data processing and graphing.



Setting Up the Experiment

Step 1: Calibrate the Fan

Before launching the cart, determine the fan’s speed settings and corresponding air velocity. If you have a fan with

a digital display, note the speed level (e.g., 1–5). If not, you can use a handheld anemometer to measure air

velocity at the fan’s outlet. Record these values in a table for later reference.

Step 2: Measure the Cart’s Mass

Weigh the cart without any additional weights. Then, add known masses (e.g., 50 g, 100 g, 150 g) to the cart’s

platform and record the total mass each time. This will help illustrate how mass affects acceleration.

Step 3: Prepare the Track

Use a flat, straight surface—ideally a laboratory floor or a wooden board—to minimize rolling resistance. Mark start

and end points at intervals of 1 meter, 2 meters, and 3 meters. Ensure the track is level; a slight incline can skew

results.

Step 4: Set Up the Timer and Data Logger

Place the stopwatch or digital timer at the start line. If using a motion sensor or data logger, position it so it can

capture the cart’s motion from launch until it stops.

Conducting the Experiment

Experiment 1: Effect of Fan Speed on Acceleration

1.  Place the cart at the start line.

2.  Set the fan to the lowest speed setting.

3.  Turn on the fan, release the cart, and start the timer.

4.  Stop the timer when the cart crosses the 1 /meter mark.

5.  Record the time and calculate the average velocity (distance ÷ time).

6.  Repeat steps 1–4 for each fan speed setting.

Experiment 2: Effect of Mass on Acceleration

1.  Keep the fan at a constant speed (e.g., medium).

2.  Place the cart with no added mass at the start line.

3.  Launch and time the cart over 1 /meter.

4.  Repeat with added masses (50 /g, 100 /g, 150 /g).

5.  Record times and calculate velocities for each mass.

Experiment 3: Energy Transfer Efficiency

1.  Measure the fan’s power consumption (watts) at a selected speed.

2.  Launch the cart and record its final kinetic energy (½ /m /v²).

3.  Calculate the efficiency as (kinetic energy ÷ electrical energy supplied) × 100%.

Data Analysis and Interpretation

Calculating Acceleration

Acceleration (a) can be derived from the velocity-time data using the formula:

a = (v_final - v_initial) / 9G@



Since the cart starts from rest (v_initial /= /0), this simplifies to a = v_final / 9GBà Plotting acceleration versus fan speed or 

mass provides visual insight into the relationship between force, mass, and acceleration.

Newton’s Second Law in Action

Newton’s Second Law states that F = m a. By measuring the cart’s mass (m) and its acceleration (a), you can

calculate the net force exerted by the fan. Comparing this calculated force to the theoretical force from the fan’s

airflow (using momentum transfer equations) tests the validity of the experiment.

Friction and Air Resistance

Real �world experiments often show that acceleration decreases with distance due to friction and air resistance. By

fitting the velocity data to an exponential decay model, students can estimate the coefficient of kinetic friction (;Åö²•

and the drag coefficient (C_d).

The Fan Cart Physics Gizmo Answer Key

Below is a detailed answer key that outlines the expected results, typical numerical ranges, and common sources

of error for each experiment. Use this key to compare your own data and identify discrepancies.

Answer Key for Experiment 1: Fan Speed vs. Acceleration

•  Low Fan Speed (Speed 1) – Average velocity: 0.3–0.5 /m/s; acceleration: 0.15–0.25 /m/s².

•  Medium Fan Speed (Speed 3) – Average velocity: 0.6–0.8 /m/s; acceleration: 0.30–0.40 /m/s².

•  High Fan Speed (Speed 5) – Average velocity: 0.9–1.2 /m/s; acceleration: 0.45–0.60 /m/s².

•  Trend: Acceleration increases roughly linearly with fan speed, confirming that higher air velocity yields greater 

thrust.

•  Possible Deviations: Variations in fan airflow due to temperature or fan wear can shift these values.

Answer Key for Experiment 2: Mass vs. Acceleration

•  Mass 0 /g (bare cart) – Acceleration: 0.40 /m/s².

•  Mass 50 /g – Acceleration: 0.32 /m/s².

•  Mass 100 /g – Acceleration: 0.24 /m/s².

•  Mass 150 /g – Acceleration: 0.16 /m/s².

•  Trend: Acceleration is inversely proportional to mass (a "� 1/m), as predicted by F = m /a.

•  Common Mistakes: Not securing added masses can cause wobbling and under �estimation of acceleration.

Answer Key for Experiment 3: Energy Transfer Efficiency

•  Fan power consumption at medium speed: 20 /W.

•  Final kinetic energy of cart (mass 100 /g, velocity 0.8 /m/s): 0.032 /J.

•  Electrical energy used (assuming 1 /second of operation): 20 /J.

•  Efficiency: (0.032 /J ÷ 20 /J) × 100% "H 0.16%.

•  Interpretation: The fan cart’s mechanical efficiency is low, which is expected due to air resistance, friction, and 

the inefficiency of converting electrical energy to mechanical thrust.

Troubleshooting Common Issues

Problem: The Cart Does Not Move Consistently

Possible causes include:

•  Fan airflow blockage (dust, debris).

•  Uneven track surface or incline.



•  Loose wheels or wobbling cart.

•  Incorrect fan speed settings.

Problem: Measured Acceleration Is Much Lower Than Expected

Check for:

•  High friction due to worn wheels or rough track.

•  Inadequate fan power (e.g., fan not fully turned on).

•  Incorrect mass measurement (e.g., not accounting for added weights).

Problem: Data Variability Across Trials

Reduce variability by:

•  Using a consistent release mechanism (e.g., a small lever or a gentle push).

•  Recording multiple trials per condition and averaging results.

•  Ensuring the fan remains stationary during the experiment.

Extending the Experiment

Once students are comfortable with the basic setup, you can introduce more advanced variations:

•  Variable Fan Direction – Rotate the fan to create different airflow angles and study torque.

•  Multiple Cart Interaction – Place two carts on the track to observe collision dynamics.

•  Resistive Forces – Attach a spring or elastic band to the cart to investigate restoring forces.

•  Data Logging with Arduino – Use an Arduino-based sensor kit to record acceleration in real time.
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