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The Role of Experimental Work in Physics Lessons

Physics lessons not only provide students with a theoretical basis for understanding natural phenomena but also offer the opportunity to apply this knowledge in practice. Experiments become the primary tool for transforming theoretical concepts into concrete experiments and discoveries.

The role of experimental work in physics lessons is extremely important and has several key aspects.

Assimilation of theoretical knowledge.Experiments help students better understand and comprehend the physical laws and principles they study in class. They allow students to see how these laws manifest themselves in real-life situations and experiments.

Development of skills.Experiments help students develop various skills such as data processing, measurements, analysis of results, and drawing conclusions. They teach students to think critically, make assumptions, test hypotheses, and investigate cause-and-effect relationships.

Stimulation of interest.Experiments can make learning physics more engaging and interesting for students. They provide an opportunity to see how theory translates into practice and help students understand the importance of physics in the real world.

Consolidation of material.Experiments help reinforce students' theoretical knowledge and ensure that they understand the material. They allow students to test and apply the knowledge they have gained in practical situations.

Development of creative thinking.Experiments stimulate creative thinking, as they often require students to search for new solutions and approaches to problem-solving. They provide an opportunity to test new ideas and experiment with different approaches.

Experimental work not only complements theoretical knowledge but is also an essential component of it. It stimulates active learning, develops critical thinking, and allows students to deepen their understanding of physical phenomena through firsthand experience. Each experiment is aimed at developing specific skills and understanding particular physical concepts.

Having over 15 years of experience working at a gifted youth lyceum, I have enriched my teaching with valuable insights and practices that have instilled passion and success in my students' study of physics. This collection of experimental works is the culmination of my extensive practical experience and expertise. I have carefully selected experiments that foster intellectual development, expand knowledge, and ignite interest in physics. Immerse yourself in the world of science with this book, which will undoubtedly make your lessons more engaging and inspiring!
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	[image: image]
	 	[image: image]


[image: image]

DETERMINATION OF SOLID DENSITY

[image: image]


Objective: Familiarization with simple devices for measuring linear dimensions of objects; determination of the density of solid objects of various shapes and calculation of the error of this measurement. 

[image: image]Apparatus and Equipment: caliper of the test sample initial data of linear dimensions and mass of the test sample, values of the absolute errors of linear dimensions and mass of the test sample. 

Procedure

	Draw a sketch of the body

	To determine the density of an object with a cylindrical hole inside, you need to measure the mass of the object and its volume. Then, density (ρ) can be calculated using the formula:


ρ=m/V​, 

where m is the mass of the object, and is the volume of the object without the hole. If you know the mass of the object and the volume without the hole, you can simply divide the mass by the volume to obtain the density.

	To calculate the volume of a solid with a cylindricalhole inside, you need to subtract the volume of the cylindrical hole from the total volume of the solid.


Let's denote:

Vsolid​ as the volume of the solid without the hole,

Vhole​as the volume of the cylindrical hole.

Then, the volume V of the solid with the hole is given by:

V=Vsolid​−Vhole​

	You would need to know the dimensions of both the solid and the cylindrical hole to calculate their volumes. Once you have these dimensions, you can plug them into the formulas for the volumes of the solid and the hole to find Vsolid​ and Vhole​, and then subtract Vhole​ from Vsolid​ to find the volume of the solid with the hole.


The volume of a parallelepiped can be calculated using the formula:

V=l×w×h

where:

l is the length of the parallelepiped,

w is the width of the parallelepiped,

h is the height of the parallelepiped.

Simply multiply all three dimensions together to find the volume of the parallelepiped.

The volume V of a cylinder can be calculated using the formula:

V=πr2h

where:

π is the mathematical constant pi (approximately equal to 3.14159),

r is the radius of the base of the cylinder,

h is the height of the cylinder.

	To find the volume, multiply the square of the radius by the height, and then multiply by pi.

	When determining the material of the object by its density, you need to compare the determined density value with tabulated data of density for various materials


Data for calculations

Mass is 0,175kilograms, r= 15millimeters, h = 12,5 millimeters, w = 43 millimeters, l = 53 millimeters. (Ansver: copper)
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DETERMINATION OF ACCELERATION OF A BODY IN CASE OF UNIFORMLY ACCELERATED MOTION
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Objective: to measure the acceleration of a ball rolling down an inclined chute. 

[image: image]Equipment: metal chute, stand with clamp, steel ball, metal cylinder, measuring tape, stopwatch or clock with a second hand.

These instructions will allow the student to independently conduct experiments to measure the acceleration of a ball rolling down an inclined groove and calculate the average acceleration based on three measurements.

Procedure

Step 1: Preparation

Place the ball in the inclined groove.

Make sure the inclined groove provides continuous downward motion for the ball and there are no obstacles that could hinder its movement.

Step 2: Conducting the Experiment

	Start the measurement from the moment the ball starts moving down the inclined groove. Start the timer or stopwatch.

	Record the time when the ball reaches the finish point (e.g., when it reaches the bottom point of the incline). Stop the timer.

	Measure the distance traveled by the ball from the starting point to the finishing point. Use a tape measure or ruler to measure this distance.


Step 3: Repeating the Experiment

Repeat this process two more times to obtain a total of three measurements for different descents of the ball.

Step 4: Calculating Acceleration

For each descent, calculate the time t and the distance traveled s that you measured.

Use the formula [image: image]to calculate the acceleration of the ball for each descent.

Record the results of the acceleration calculation.

Step 5: Finding the Average Acceleration

Add up the acceleration values you calculated for the three descents.

Divide the sum by the number of measurements (in this case, 3, as you conducted three experiments).

The obtained value will be the average acceleration for the three experiments.

Step 6: Find the absolute and relative error of calculations

[image: image], [image: image]
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DETERMINATION OF THE CENTER OF MASS OF FLAT FIGURES
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Objective: to learn how to determine the center of mass of flat figures of both regular and irregular geometric shapes. 

Equipment: stand, plates of regular and arbitrary geometric shapes, clip, ruler.

Procedure

	Prepare the flat figure you wish to study and the materials for hanging.

	Hang the flat figure on a thread at any point so that it hangs freely.

	Secure the thread to ensure it is straight and vertical.

	Using a pencil or marker, mark the point on the figure where the thread intersects its surface.

	Repeat this process, hanging the figure at several different points and marking each time the intersection point of the thread with the figure.

	Draw a vertical line through each suspended point, marking them on the figure.

	Find the intersection point of these vertical lines. This will be the center of mass of the flat figure.


[image: image]I. Determination of the center of gravity of a flat figure by geometric method.

	Divide the given geometric figure into two simpler geometrically regular parts (rectangles or triangles).

	Find the center of gravity of each part.

	Connect the obtained points with a line segment. Repeat these steps by dividing into two other figures of regular geometric shape, and connect the obtained points with a line segment. Find the intersection point of the line segments. This point is the center of mass of the flat figure.

	Make sure that the found point is the center of mass. Place the plate on the tip of the bent clip so that the center of gravity you have determined coincides with the support point. If you have constructed correctly, the plate should be in equilibrium.


Find the centers of mass of the bodies depicted in the picture.

[image: image]
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INVESTIGATION OF MOTION OF AN OBJECT ALONG A CIRCLE
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Objective:to measure the fundamental kinematic quantities characterizing the motion of an object along a circle: period of rotation, rotational frequency, linear and angular velocity of motion, centripetal acceleration. 

[image: image]Equipment: a small object such as a ball or any other small item (button, key, weight, etc.) that can be easily attached to a string; a thin, sturdy string about 50-60 cm long; stopwatch, ruler.

Investigation of uniform circular motion

	Attach a small object (such as a ball) to the string.

	Using a loop at the other end of the string, hold the object while rotating the string in the horizontal plane.

	Measure the length of the string (radius of rotation).

	Start rotating the object in the horizontal plane, trying to maintain a constant rotational speed.

	Begin the measurement and simultaneously start the stopwatch or a clock with a second hand.

	Count the number of revolutions the object completes until it reaches 20 revolutions.

	Stop the stopwatch or clock after reaching 20 revolutions.

	Record the time taken for the object to complete 20 revolutions.

	Calculate the period of rotation by dividing the total time by the number of revolutions (20).

	Determine the rotational frequency by dividing the period by 1.

	To calculate the rotational speed, use the formula: [image: image], where R is the radius of rotation, and T is the period of rotation.

	Calculate the acceleration using the formula for centripetal acceleration: [image: image]​, where [image: image] is the rotational speed, and R is the radius of rotation.

	Make a conclusion.


––––––––
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FREE FALL INVESTIGATION
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Objective: based on data obtained from stroboscopic photography of a freely falling sphere, construct graphs illustrating the dependence of the sphere's coordinate and speed modulus on the observation time; determine the acceleration of free fall. 

Equipment: stroboscopic photograph of the falling sphere, student ruler, pencil.

	Data Collection:


Obtain a stroboscopic photograph of the freely falling sphere.

	Measuring the Distance Between Flashes:


[image: image]Use a student ruler to measure the distance between each consecutive flashes on the stroboscopic photograph. Measure this distance in centimeters and record the value.

	Plotting Graphs of Coordinate vs. Time:


Using the obtained data on time and distance, plot a graph showing the dependency of the sphere's coordinate (height) on the observation time.

	Plotting the Graph of Speed vs. Time:


Considering the time and distance, calculate the speed of the sphere at each moment in time. Plot a graph illustrating the dependency of the speed modulus on time.

	Determining Free Fall Acceleration:


Utilizing the graph showing the speed versus time, calculate the free fall acceleration using the acceleration formula:[image: image]​, where Δ[image: image] denotes the change in speed and Δt denotes the change in time.

	Analysis of Results:


Compare the obtained values of free fall acceleration with the theoretical value (approximately 9.8 m/s²).

Draw conclusions about the nature of the sphere's motion and the accuracy of determining free fall acceleration based on the obtained graphs and calculation results.

	Refining the Results:


Verify the accuracy of measurements and calculations by reviewing the photographs and graphs once more.

Consider any possible sources of errors and refine the results or repeat the experiment if necessary.
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DETERMINATION OF THE ACCELERATION DUE TO GRAVITY USING A PENDULUM
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Objective: To determine the acceleration due to gravity at a given location on Earth using a pendulum.

Equipment: a ball with a hole, a stand with a sleeve and ring, a string, a stopwatch, a measuring tape.

[image: image]
1. Preparation for the experiment:
Prepare the pendulum (such as a mass on a string or a pendulum), a ruler or caliper, and a stopwatch or timer. 

2. Setting up the pendulum:

Hang the pendulum on a stand or base so that it can swing freely without obstruction. Ensure that the pendulum is at rest, and the string or suspension is aligned along a vertical line. 

	Measuring the period of oscillations:


Start the pendulum by displacing it from its equilibrium position. Measure the time taken for the pendulum to complete 20 full oscillations (from the starting point to returning to the starting position) using a stopwatch or timer. Record this value. Repeat this experiment two more times, each time measuring the time for 20 oscillations of the pendulum. 

	Data analysis:


Calculate the average period of oscillations for each of the three measurements by dividing the time for oscillations by the number of oscillations and taking the arithmetic mean of all measurements. Using the known average period of oscillations for each experiment, utilize the formula for the period of a pendulum: [image: image] where T is the period of oscillations, L is the length of the pendulum string, and g is the acceleration due to gravity. Rearrange the formula and solve for g to obtain the value of acceleration due to gravity for each of the three experiments. 

	Conclusion:


Record the obtained values of acceleration due to gravity for each experiment and compare them with each other. Compare each of the obtained values of acceleration due to gravity with the tabulated value (approximately 9.8 m/s²). Draw conclusions about the accuracy of your experiment and possible sources of error in the measurements.

	Find the absolute and relative error of calculations


[image: image], [image: image]
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