
Engage in the Work of Physics

Enable your students to handle problems involv-
ing motion and matter. Physics (4th edition) equips 
students to ethically engage in the work of physics 
through a program of instruction, practice, inquiry, 
and engineering design based on real-world prob-
lems. Students will extend their knowledge and skills 
through strategic modeling and practice, case studies, 
evaluation of scientific models, and ethics activities. 
They will also be able to collect and analyze data as 
well as create their own models using discovery labs, 
inquiry labs, and collaborative STEM experiences. 

STEM Lab STEM Career Case Studies

WARP DRIVE

NASA is looking to return to the moon as a means of 
developing procedures for a trip to Mars. While these 
trips are huge undertakings, many people dream 
about going even farther. One of the biggest chal
lenges to traveling beyond our solar neighborhood is 
the limitation of time, or more specifically the limi
tation on how fast we can go.

Science fiction fans know that scifi writers have 
already solved the problem. Whether it’s done by flying 
through hyperspace or using a warp drive, fasterthan
light travel is a reality in the world of fiction. But is any
one working on such concepts in the real world today?

As we have learned in this chapter, there is a cosmic 
speed limit—the speed of light. But physicist Miguel 
Alcubierre has proposed a spacecraft that can warp 
spacetime in front of the craft, allowing it to travel at 
ten times the speed of light without ever exceeding 
the speed of light. Initially, Alcubierre’s proposed de
sign would have required prohibitively large amounts 
of energy. But recent work has modified Alcubierre’s 
design to require much less energy. Currently, scien
tists at the Johnson Space Center are working with a 
miniaturized version to see whether they can create a 
tiny warp effect.

Today we have many technologies that once seemed 
like they were possible only in science fiction novels. 
We will keep working to make today’s fiction a reality. 
We have made great strides, but we still have a long 
way to go before we can travel to distant stars.
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23.2 SECTION REVIEW

 1. What are the two postulates of the theory of special 
relativity?

 2. Explain the relationship between the Lorentz trans-
formation equations and Galilean transformation 
equations.

 3. Describe three predictions made by the special 
theory of relativity.

 4. A futuristic space travel system is devised that 
can transport humans in spacecraft at 0.805c. The 
57.5 m long spacecraft takes 28.6 h to complete its 
trip. According to a “stationary” observer on Earth,

 a. what is the Lorentz factor of the craft?

 b. what is the length of the spacecraft?

 c. how long did its trip take?

 5. Explain why physical objects cannot attain the 
speed of light.

 6. In a test of Einstein’s theory of special relativity, a 
space probe traveling at 0.65c relative to Earth fires 
a projectile at a speed of 0.70c relative to the probe 
away from Earth. What is the projectile’s speed as 
measured from Earth?

 7. What is rest-mass energy?

 8. Why do GPS systems require calculations to ac-
count for relativistic effects?

Chapter 23636

 In science fiction, fasterthanlight 
travel is standard fare. Our ability to 
explore much of our solar system 
and beyond will depend on whether 
we can travel at such speeds.

Chapter 8196

therefore, work is negative because the parallel component of the 
force and the displacement are in opposite directions. Negative work 
occurs when the force opposes the motion of the system. If θ equals 
90°, the applied force is perpendicular to the displacement, and there 
is zero work done by the force on the system because cos 90° = 0.

The units of work can be derived from Equation 8.1. Since F 
and Δx are measured in newtons and meters respectively, the unit 
for work is the newton∙meter, or N∙m. Scientists named this unit the 
joule (J) in honor of English physicist James Prescott Joule.

1 J = (1 N)(1 m)

The joule is utilized for all forms of energy and work. Be sure that 
you do not use this unit for torque; the unit for torque remains N∙m.

Calculating Work
Any kind of force, contact or field, can do work. For example, 

we do work by exerting a contact force to lift a rock onto a table, 
and Earth does work by exerting the field force of gravity on the 

Example 8-1 Calculating Work by an Inline Force

A 65.0 kg physics student jumps 
off a 2.00 m high stone wall. 
How much work does Earth do 
as it pulls her to the ground?

Write what you know.

Fg is in the same direction as Δy,  
 so θ = 0°.

m = 65.0 kg

Δy = 2.00 m

g = 9.81 m/s2

W = ?

Write the formula and solve for the unknown.

W = FgΔy cos θ = mgΔy cos θ

Plug in known values and evaluate.

W = (65.0 kg)(9.81 m/s2)(2.00 m)cos 0°

   = 1.28 × 103 J

Earth does 1.28 × 103 J of work on the student.

m = 65.0 kg

g

Δy = 2.00 m

rock if it falls to the ground.
Although any kind of force 

may do work, not every force on 
an object does work. For example, 
suppose a rock is at rest on a table. 
As Earth is exerting a gravitational 
force on the rock, how much work 
does the earth do on the rock?

W = Fg(0 m) cos 0° = 0 J

Earth does no work on the rock be-
cause the rock didn’t move—there 
was no displacement. Now suppose 
that the rock is pulled along the 
horizontal table by a string tied to it. 
The rock is moved Δx. In this case, 
how much work does Earth do on 
the rock?

 W = FgΔx cos θ

   = FgΔx cos 90°

    = FgΔx (0) = 0 J

Earth still does no work on the rock 
because the component of the force 
of gravity on the rock in the direc-
tion of the rock’s motion is zero. 
The tension in the string, however, 
does positive work on the rock. The 
friction between the table and the 
rock does negative work because 
the displacement and force are in 
opposite directions.

string

FN

Fg

TFf

 As a rock is pulled by a string, 
which forces do work on the rock?

701Nuclear Physics

Are there even more basic particles than quarks? 
Scientists don’t know, though they continue to search. 
As scientists continue to discover subatomic particles 
and to develop theories about these particles, it raises 
the question of the fundamental composition of the 
universe. However, we know that whatever is going 
on at the fundamental level, God is “upholding all 
things by the word of his power” (Heb 1:3).

SERVING AS A PARTICLE PHYSICIST: 
SMASHING GOOD WORK!

How would you like to be the one that discovers 
the next group of smaller, more fundamental par-
ticles? The scientists that do this work are particle 
physicists. To discover these tiny particles, physi-
cists use particle accelerators and colliders—
some of the largest instruments in the world.

Particle physicists use particle accelerators, such 
as the Large Hadron Collider, to smash particles 
together. When they do this, they may see the 
smaller particles that make up the particles that 
they cause to collide. Part of their challenge is to 
theorize how each of those component particles 
would behave and to design the instrumentation 
to observe those effects. Remember that these 
particles are smaller than anything we can visu-
ally observe. Therefore, they must observe them 
by observing the effects they cause.

Particle physicists have degrees in physics, and 
many have earned a PhD. Most of their focus is in 
the areas of nuclear physics, theoretical physics,  
and of course particle physics. As Christians 
and scientists, we glorify God by studying His 
creation. What better way to do this than by 
studying the building blocks of the universe? 

careers

25.4 SECTION REVIEW

 1. What piece of evidence led to Enrico Fermi pre-
dicting the existence of neutrinos?

 2. Define subatomic particle.

 3. Discuss the characteristics of an antiparticle. Are 
particles and their antiparticles compatible?

 4. What was the first elementary particle discovered? 
What class of elementary particles is it a member of?

 5. How are subatomic particles classified?

 6. What group of particles are the building blocks of 
the hadron subatomic particles?

 7. What three quarks would you expect to combine to 
form antiprotons? Explain.

Materials

How We Teach It

Discovery through Questions
The student and teacher editions provide essential questions 
for each section of the lesson content that guide students as 
they learn. These questions enable class discussions revolving 
around worldview issues. They also help students to activate 
prior learning and integrate it with new concepts.

Real-World Applications
Physics includes multiple real-world scenarios discussed in 
chapter openers, ethics boxes, case studies, and labs. Lab 
experiences reinforce the lesson content and provide oppor-
tunities to practice newly acquired skills. A holistic STEM ap-
proach also helps students use multiple disciplines in solving 
real-world problems. 

Ethical Considerations
This course includes multiple questioning strategies that 
encourage students to measure scientific practices against 
biblical principles. Students also consider appropriate biblical 
outcomes and motivations with regard to scientific methods.

Student Edition (eTextbook available)
The student edition includes multiple features that aid 
student learning. All chapters include openers, ethics 
boxes, case studies, and STEM-related and STEM 
career-related discussions. The student edition en-
gages students with multiple opportunities for discus-
sion and application. The course content is engineered 
to help students mature from simply taking a science 
course to engaging with the scientific world around 
them and progressing in their assessments of current 
scientific practices. 

Student Lab Manual
The lab manual features a minimum of at least one 
lab per chapter in the student edition. A variety of 
labs enables teachers to select the lab activities most 
advantageous for their students and most suitable for 
the lab environment available to them. These projects 
will also include STEM and inquiry activities to give 
students a taste for real-world laboratory work.  

Teacher Edition
The teacher edition employs numerous strategies to aid 
student learning. In addition to a cycle of engagement, 
instruction, application, and assessment, teachers will 
be able to use multiple demonstrations and activities 
to deliver the course material. Socratic questioning, 
graphic exercises, and mathematical reasoning also 
serve to guide students through the lesson content.

Assessments, assessments answer key, lab manual 
teacher edition, and resources on Teacher Tools Online 
are available.




