Discussion

The force is attractive, as expected for unlike charges. (The field was created by a positive charge and here acts on a
negative charge.) The charges in this example are typical of common static electricity, and the modest attractive
force obtained is similar to forces experienced in static cling and similar situations.

@ PHET EXPLORATIONS

Electric Field of Dreams
Play ball! Add charges to the Field of Dreams and see how they react to the electric field. Turn on a background
electric field and adjust the direction and magnitude.

Click to view content (https://openstax.org/l/02electric_field_dreams).

18.5 Electric Field Lines: Multiple Charges

LEARNING OBJECTIVES
By the end of this section, you will be able to:
+ Calculate the total force (magnitude and direction) exerted on a test charge from more than one charge
- Describe an electric field diagram of a positive point charge; of a negative point charge with twice the
magnitude of positive charge
- Draw the electric field lines between two points of the same charge; between two points of opposite
charge.

Drawings using lines to represent electric fields around charged objects are very useful in visualizing field strength
and direction. Since the electric field has both magnitude and direction, it is a vector. Like all vectors, the electric
field can be represented by an arrow that has length proportional to its magnitude and that points in the correct
direction. (We have used arrows extensively to represent force vectors, for example.)

Figure 18.19 shows two pictorial representations of the same electric field created by a positive point charge Q.
Figure 18.19 (b) shows the standard representation using continuous lines. Figure 18.19 (a) shows numerous
individual arrows with each arrow representing the force on a test charge g. Field lines are essentially a map of
infinitesimal force vectors.
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FIGURE 18.19 Two equivalent representations of the electric field due to a positive charge Q. (a) Arrows representing the electric field’s
magnitude and direction. (b) In the standard representation, the arrows are replaced by continuous field lines having the same direction at
any point as the electric field. The closeness of the lines is directly related to the strength of the electric field. A test charge placed
anywhere will feel a force in the direction of the field line; this force will have a strength proportional to the density of the lines (being
greater near the charge, for example).

Note that the electric field is defined for a positive test charge g, so that the field lines point away from a positive
charge and toward a negative charge. (See Figure 18.20.) The electric field strength is exactly proportional to the
number of field lines per unit area, since the magnitude of the electric field for a point charge is E = k|Q|/r2 and
area is proportional to 2. This pictorial representation, in which field lines represent the direction and their
closeness (that is, their areal density or the number of lines crossing a unit area) represents strength, is used for all
fields: electrostatic, gravitational, magnetic, and others.


https://openstax.org/l/02electric_field_dreams
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FIGURE 18.20 The electric field surrounding three different point charges. (a) A positive charge. (b) A negative charge of equal magnitude.
(c) A larger negative charge.

In many situations, there are multiple charges. The total electric field created by multiple charges is the vector sum
of the individual fields created by each charge. The following example shows how to add electric field vectors.

@ EXAMPLE 18.4

Adding Electric Fields
Find the magnitude and direction of the total electric field due to the two point charges, q; and g3, at the origin of
the coordinate system as shown in Figure 18.21.

Etot= 1.26 x 105N/C

IE; =1.13x105N/C

63.49 G =+10nC
E, = 0.56 x 105 N/C|[0_4.00 om )
2.00 cm
g; =+5.0nC

FIGURE 18.21 The electric fields E; and E, at the origin O add to E;ot.
Strategy

Since the electric field is a vector (having magnitude and direction), we add electric fields with the same vector
techniques used for other types of vectors. We first must find the electric field due to each charge at the point of
interest, which is the origin of the coordinate system (O) in this instance. We pretend that there is a positive test
charge, g, at point O, which allows us to determine the direction of the fields E; and E;. Once those fields are
found, the total field can be determined using vector addition.

Solution

The electric field strength at the origin due to q; is labeled E{ and is calculated:

5.00x10~° C

E; =kI =(8.99x10° N - mz/C2)<—>2

T (2.00x10=2 m) 18.16
E; = 1.124 x 10° N/C.
Similarly, E; is
10.0x1079 €

Er = k%2 =(8.99x 10° N - m2/C2)<—>2
2 (4.00x10~2 m) 18.17

E> =0.5619 x 10° N/C.

Four digits have been retained in this solution to illustrate that E is exactly twice the magnitude of E,. Now arrows



are drawn to represent the magnitudes and directions of E| and E,. (See Figure 18.21.) The direction of the electric
field is that of the force on a positive charge so both arrows point directly away from the positive charges that create
them. The arrow for E is exactly twice the length of that for E,. The arrows form a right triangle in this case and
can be added using the Pythagorean theorem. The magnitude of the total field Ei is

Eo = (E3+E)'?
{(1.124 x 105 N/C)? + (0.5619 x 105 N/C)2} "2 18.18
= 1.26 x 10° N/C.

The direction is

_ -1( E1
6 = tan <E—2>

_ tan—l( 1.124x10° N/C ) 18.19
0.5619%x10° N/C

63.4°,
or 63.4° above the x-axis.
Discussion

In cases where the electric field vectors to be added are not perpendicular, vector components or graphical
techniques can be used. The total electric field found in this example is the total electric field at only one point in
space. To find the total electric field due to these two charges over an entire region, the same technique must be
repeated for each point in the region. This impossibly lengthy task (there are an infinite number of points in space)
can be avoided by calculating the total field at representative points and using some of the unifying features noted
next.

Figure 18.22 shows how the electric field from two point charges can be drawn by finding the total field at
representative points and drawing electric field lines consistent with those points. While the electric fields from
multiple charges are more complex than those of single charges, some simple features are easily noticed.

For example, the field is weaker between like charges, as shown by the lines being farther apart in that region. (This
is because the fields from each charge exert opposing forces on any charge placed between them.) (See Figure
18.22 and Figure 18.23(a).) Furthermore, at a great distance from two like charges, the field becomes identical to
the field from a single, larger charge.

Figure 18.23(b) shows the electric field of two unlike charges. The field is stronger between the charges. In that
region, the fields from each charge are in the same direction, and so their strengths add. The field of two unlike
charges is weak at large distances, because the fields of the individual charges are in opposite directions and so
their strengths subtract. At very large distances, the field of two unlike charges looks like that of a smaller single
charge.



FIGURE 18.22 Two positive point charges q; and g, produce the resultant electric field shown. The field is calculated at representative
points and then smooth field lines drawn following the rules outlined in the text.
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FIGURE 18.23 (a) Two negative charges produce the fields shown. It is very similar to the field produced by two positive charges, except
that the directions are reversed. The field is clearly weaker between the charges. The individual forces on a test charge in that region are in
opposite directions. (b) Two opposite charges produce the field shown, which is stronger in the region between the charges.
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We use electric field lines to visualize and analyze electric fields (the lines are a pictorial tool, not a physical entity in
themselves). The properties of electric field lines for any charge distribution can be summarized as follows:

1. Field lines must begin on positive charges and terminate on negative charges, or at infinity in the hypothetical
case of isolated charges.

2. The number of field lines leaving a positive charge or entering a negative charge is proportional to the
magnitude of the charge.

3. The strength of the field is proportional to the closeness of the field lines—more precisely, it is proportional to
the number of lines per unit area perpendicular to the lines.

4. The direction of the electric field is tangent to the field line at any point in space.

5. Field lines can never cross.

The last property means that the field is unique at any point. The field line represents the direction of the field; so if
they crossed, the field would have two directions at that location (an impossibility if the field is unique).



@ PHET EXPLORATIONS

Charges and Fields
Move point charges around on the playing field and then view the electric field, voltages, equipotential lines, and
more. It's colorful, it's dynamic, it's free.

Click to view content (https://openstax.org/books/college-physics-2e/pages/18-5-electric-field-lines-multiple-

charges)

18.6 Electric Forces in Biology

LEARNING OBJECTIVES
By the end of this section, you will be able to:
» Describe how a water molecule is polar.
- Explain electrostatic screening by a water molecule within a living cell.

Classical electrostatics has an important role to play in modern molecular biology. Large molecules such as proteins,
nucleic acids, and so on—so important to life—are usually electrically charged. DNA itself is highly charged; it is the
electrostatic force that not only holds the molecule together but gives the molecule structure and strength. Figure
18.24 is a schematic of the DNA double helix.

FIGURE 18.24 DNA is a highly charged molecule. The DNA double helix shows the two coiled strands each containing a row of nitrogenous
bases, which “code” the genetic information needed by a living organism. The strands are connected by bonds between pairs of bases.
While pairing combinations between certain bases are fixed (C-G and A-T), the sequence of nucleotides in the strand varies. (credit: Jerome
Walker)

The four nucleotide bases are given the symbols A (adenine), C (cytosine), G (guanine), and T (thymine). The order of
the four bases varies in each strand, but the pairing between bases is always the same. C and G are always paired
and A and T are always paired, which helps to preserve the order of bases in cell division (mitosis) so as to pass on
the correct genetic information. Since the Coulomb force drops with distance (F « 1/r?), the distances between the
base pairs must be small enough that the electrostatic force is sufficient to hold them together.

DNA is a highly charged molecule, with about 2¢. (fundamental charge) per 0.3 X 10~2 m. The distance separating
the two strands that make up the DNA structure is about 1 nm, while the distance separating the individual atoms
within each base is about 0.3 nm.

One might wonder why electrostatic forces do not play a larger role in biology than they do if we have so many
charged molecules. The reason is that the electrostatic force is “diluted” due to screening between molecules. This
is due to the presence of other charges in the cell.

Polarity of Water Molecules

The best example of this charge screening is the water molecule, represented as H, O. Water is a strongly polar
molecule. Its 10 electrons (8 from the oxygen atom and 2 from the two hydrogen atoms) tend to remain closer to
the oxygen nucleus than the hydrogen nuclei. This creates two centers of equal and opposite charges—what is called
a dipole, as illustrated in Figure 18.25. The magnitude of the dipole is called the dipole moment.

These two centers of charge will terminate some of the electric field lines coming from a free charge, as on a DNA
molecule. This results in a reduction in the strength of the Coulomb interaction. One might say that screening
makes the Coulomb force a short range force rather than long range.


https://openstax.org/books/college-physics-2e/pages/18-5-electric-field-lines-multiple-charges
https://openstax.org/books/college-physics-2e/pages/18-5-electric-field-lines-multiple-charges

	Blank Page



