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Research in physics education and other
scientific and technical fields suggests that:

« “Teaching by telling” has only limited effectiveness

— can inform students of isolated bits of factual
knowledge

* For understanding of

— inter-relationships of diverse phenomena
— deep theoretical explanation of concepts

— students have to “figure it out for them-
selves” by struggling intensely with ideas



What needs to go on in class?

« Clear and organized presentation by instructor is
not at all sufficient

* Must find ways to guide students to synthesize
concepts in their own minds

 Focus of classroom becomes activities and
thinking in which students are engaged

— and not what the instructor is presenting or how it is
presented



What Role for Instructors?

* Introductory students often don’t know what

guestions they need to ask
— or what lines of thinking may be most productive

* |Instructor’s role becomes that of guiding
students to ask and answer useful questions

— aid students to work their way through complex chains
of thought



Keystones of Innovative Pedagogy

» problem-solving activities during class time

 deliberately elicit and address common
learning difficulties

 guide students to “figure things out for
themselves” as much as possible



The Biggest Challenge:
Large Lecture Classes

* Very difficult to sustain active learning in large
classroom environments

* Two-way communication between students and
iInstructor becomes paramount obstacle

* Curriculum development must be matched to
iInnovative instructional methods

Example:
Curriculum and Instruction in Algebra-based Physics



Active Learning in Large Physics Classes

 De-emphasis of lecturing; Instead, ask students to
respond to many questions.

« Use of classroom communication systems to obtain
instantaneous feedback from entire class.

« Cooperative group work using carefully structured
free-response worksheets

J

Goal: Transform large-class learning environment into “office’
learning environment (i.e., instructor + one or two students)



“Fully Interactive” Physics Lecture
DEM and K. Manivannan, Am. J. Phys. 70, 639 (2002)

Very high levels of student-student and student-
Instructor interaction

Simulate one-on-one dialogue of instructor’s office

Use numerous structured question sequences, focused
on specific concept: small conceptual “step size”

Use student response system to obtain instantaneous
responses from all students simultaneously (e.g., “flash
cards”)






Sequence of Activities

Very brief introductory lectures ( ~10 minutes)

Students work through sequence of multiple-choice
guestions, signal responses using flash cards

Some “lecture” time used for group work on
worksheets

Recitations run as “tutorials”; students use
worksheets with instructor guidance

Homework assigned out of workbook



Features of the Interactive Lecture

High frequency of questioning

Must often create unscripted questions
Easy questions used to maintain flow
Many question variants are possible

Instructor must be prepared to use diverse
guestioning strategies



Curriculum Requirements for Fully
Interactive Lecture

« Many question sequences employing multiple
representations, covering full range of topics

* Free-response worksheets adaptable for use
In lecture hall

« Text reference (“Lecture Notes”) with strong
focus on conceptual and qualitative questions

mmmm)> |Vorkbook for Introductory Physics (DEM and K.
Manivannan, CD-ROM, 2002)

Supported by NSF under
“Assessment of Student Achievement” program
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Curriculum Development on the Fast Track

* Need curricular materials for complete course
— must create, test, and revise “on the fly”

 Daily feedback through in-class use aids
assessment

* Pre- and post-testing with standardized
diagnostics helps monitor progress



Curricular Material for Large Classes
“Workbook for Introductory Physics”

Multiple-choice “Flash-Card” Questions
— Conceptual questions for whole-class interaction

Worksheets for Student Group Work

— Sequenced sets of questions requiring written
explanations

Lecture Notes
— Expository text for reference

Quizzes and Exams
— some with worked-out solutions
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Chapter 1 Electrical Forces

“Flash-Card” Questions

In-Class Questions

Prerequisite Concepis:
+ Positive and negative charges; Coulomb’s law: F = kq;q2/r?
*  Protons (+) and electrons (-)
* Superposition principle: Fpe=F1+Fz +. . . + Fy
«  Vector addition: Fpex=Fix + Fax +. . . Fux
*+ Newton's second law, a = F/m

Questions #1-2 refer to the figure below. Charge g is located at the origin, and charge
gz is located on the positive x axis, five meters from the origin. There are no other charges

anywhere nearby.

Y |

i a

1. 1If q, is positive and g, is negative, what is the direction of the electrical force on q;?

in the positive x direction

in the negative x direction

in the positive y direction

in the negative y direction

the force is not directed precisely along any of the coordinate axes, but at some angle
there is no force in this case

mmo oW

2. If g; is positive and g, is positive, what is the direction of the electrical force on q;?
A. in the positive x direction
in the negative x direction
in the positive y direction
in the negative y direction
the force is not directed precisely along any of the coordinate axes, but at some angle
there is no force in this case

mmunow
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In this figure, a proton is located at the origin, and an electron is located at the point (3m,
3m). What is the direction of the electrical force on the proton?

“Flash-Card” Questions

AN

SN

In this figure, a proton is located at the origin, and a proton is located at the point (3m, 3m).
The vector representing the electrical force on the proton af the origin makes what angle
with respect to the positive x axis?

4
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135°
225°
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In this figure, a proton is located at (Om, 5m) and an electron is located at the origin.

The electrical force on the electron is:

A,

B.

g

directed toward the positive-y direction, and has greater magnitude than the electrical
force acting on the proton

directed toward the positive-y direction, and has smaller magnitude than the electrical
force acting on the proton

directed toward the positive-y direction, and has magnitude equal to the electrical force
acting on the proton

directed toward the negative-y direction, and has greater magnitude than the electrical
force acting on the proton

directed toward the negative-y direction, and has smaller magnitude than the electrical
force acting on the proton

directed toward the negative-y direction, and has magnitude equal to the electrical force
acting on the proton

Two charged particles are separated by a certain distance, and exert an electrical force on
each other. What will happen to the magnitude of this electrical force if the separation
between the particles is decreased?

A,
B

C.
D

E.

The force will decrease in magnitude.

. The force will increase in magnitude.

The magnitude of the force will not change.

. The magnitude of the force may decrease or increase, depending on whether the charges

are like or unlike.

The magnitude of the force on one particle will increase, while that on the other particle
will decrease.
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7. Two particles with charges q; and q; are separated by a distance r. There are no other
charges nearby. Consider the following actions:
[. increase q:
II. increase
[I. increase r
IV. decrease r

Which of the above actions will cause the magnitude of the force between the charges to
increase?

A, I and [OI only

I and IV only

IT and I only

Il and IV only

Iand I and IT

Iand I and IV

mmo o ®

. When two charged particles are separated by 2 meters, the magnitude of the electrical force
between themn is F. What will be the magnitude of this force if their separation is increased
to 4 meters?

A. 14 F

1/2 F

F

2F

4F

not enough information given to determine magnitude of force

mTm o0 ®

9. Which of these will result in the repulsive force between two identical charged particles
increasing by a factor of &:

double one of the charges

double both of the charges

double one of the charges and cut the particle separation in half

triple one of the charges and cut the particle separation in half

triple both of the charges .

double both of the charges and double the particle separation

mmonw
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A 6-C charge and a 12-C charge are separated by 2 m; there are no other charges present.
Compared to the electrical force on the 6-C charge, the electrical force on the 12-C charge is:

A, one-fourth as strong
. one-half as strong

B

C. the same magnitude
D. two times as strong
E

. four times as strong

. In this figure, electrons are located on the y axis at y =3 m, y =0 m, and y = - 3 m. The

direction of the net electrical force on the electron at the origin is:

i Y“
- --—...e
>—
e
A. towards positive x T .-
B. towards positive y 8|
C. towards negative x .
D. towards negative y - .
E. nowhere, since there is no net force on this electron
In this figure, protons are located on the x axis at X = —3 m, x = 0 m, and x = 1.5 m. The
direction of the net electrical force on the proton at the origin is:
— Y ]
| ]
REEE W
T 9o N
[ plP A
towards positive x I ! )
towards positive y

towards negative x
towards negative y
nowhere, since there is no net force on this proton

monwey
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In this figure, positive charges of magnitude q, q, and 2q are located on the x axis as shown,
The direction of the net electrical force on the positive charge at the origin is:

-Y - |
RN !
I |
towards positive x | ‘:1‘ | q‘__ i Qq.
towards positive v . :
towards negative x I

towards negative y

MmO 0w e

nowhere, since there is no net force on this proton | i

. In this figure, particles with charges —q, +q, and —q are located on the x axis as shown. The

direction of the net electrical force on the positive charge at the origin is:

| YT
| . N
A. towards positive x -q|+ +g -ql_ 1
B. towards positive y o :
C. towards negative x
D. towards negative y
E.

nowhere, since there is no net force on this proton

. A electron is fixed at the origin; there are no other charges present. If a negative charge is

brought in and released at a nearby peint, and allowed to move freely, then as it moves the
magnitude of the force acting on this negative charge will:

always be zero

remain constant, but nonzero

always increase

always decrease, but never reach zero

sometimes increase and sometimes decrease

MmUY NwE e

not enough information to decide
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A electron is fixed at the origin; there are no other charges present. If a negative charge is
brought in and released at a nearby point, and allowed to move freely, then as it moves the
magnitude of the acceleration of this negative charge will:

always be zero

remain constant, but nonzero

always increase

always decrease, but never reach zero

sometimes increase and sometimes decrease

not enough information to decide

Mmoo >

A electron is fixed at the origin; there are no other charges present. If a negative charge
is brought in and released at a nearby point, and allowed to move freely, then as it moves
the speed of this negative charge will:

A, always be zero

B. remain constant, but nonzero

C. always increase .

D. always decrease, but never reach zero

E. sometimes increase and sometimes decrease

F. not enough information to decide

In this figure, a positive charge is located at the origin, and another positive charge is located
at the point (—4m, 4m). The x component of the electrical force on the charge at the origin is:
A. greater than zero

B. equal to zero

C. less than zero
D

. may be equal to, less than, or greater than zero, depending on the precise magnitude
of the two charges.

T v |
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Magnetic Induction Worksheet

. Indiagrams A, B, and C, three wentical bar magnets and three identical wire loops are shown,

All three loops remain fixed in the positions sioown,

=
S Worksheets (free-response)

N N N
g S ]
A B C

a) 1s there any magnetic lux m:
Loop AY
Loop BY?
Loop 7

b} Rank the magmtude of the magnetic flux in loops A, B, and C. 1f all three are zero, state that
explicitly. Explam your answer,

¢} Is there any current tlowing e
Loop A7
Loop BY
Loop 7

d) Rank the magmtude of the current lowing in loops A, B, and C. Ifall three currents are zero, state
that explicitly. Explain your answer.



Chapter 10 Notes: Magnetic Induction

How can a changing magnetic field cause an electric current to flow?

Eleven vyears after the connection between magnetism and electricity was first reported by Oersted, the
British scientist Michael Faraday made one of the most important discoveries in the history of physics. Oersted had
found that an electric current could influence the motion of a compass needle; this showed that an electric current
produced a magnetic field. Faraday found that, under certain specific circumstance, 2 magnet (such as a large
compass needle) could itself proghice an electric current (i.e., it could cause charges to begin to move). Although an
electric current abeays produces a magnetic fleld, Faraday found that a magnet could only produce an electric
current under one or more of three basic conditions: (1) the magnetic field varied in magnitude; (2) the magnetic
field varied in direction; (3) the conducting path (which would carry the current) varied in shape.

These simuations can be illustrated by three different experiments, all involving a magnetic field and a
closed loop of conducting material. We could connect a galvanometer (a current-detecting device) to the loop to
determine whether or not 2 current is flowing. We could use a permanent magnet to produce the magnetic field, or
instead use the uniform field inside a solenoid. In the diagram below, we have placed a conducting loop in a
uniform magnetic field (indicted by the arrows), the loop is connected to a galvanometer. The needle of the
galvanometer will deflect (move away from its initial position) if a current if produced in the loop. If the needle is
in its initial position {as shown here), there is pe current flowing in the loop.

’\\&éé@

In the imitial situation shown above, where neither the loop nor the magnetic field is changing in any way.
ner current is observed to flow in the loop. However, if we change the magnitnde of the magnetic field - either an
increase or a decrease — then a current does flow in the loop, as shown here:

However, if the magnetic field magnitude stops changing, the current will abruptly cease flowing and the
galvanometer needle will go back to its initial position (again indicating “zero current™):

ktttt

Lecture Notes
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10V 30V 50V 10V 3py 50V 10V 20V 3oy 40V 50V
0V 40V 20V qov

I. How does the magnitude of the electric field at B compare for these three cases?
(a)  I=1I=11

(by  I=11=1I , ,
¢ MI=1=1 D. Maloney, T. O’'Kuma, C. Hieggelke,

dy 1=1=11 |andA. Van Heuvelen, PERS of Am. J. Phys.

e) 1=1=11 |69, S12(2001).
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