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Shadow Formation

A shadow is a dark area or region formed behind an object when it blocks the
path of light. It is not a substance or an object itself; it is simply the absence of
light.

i. What is a Shadow?

How is a Shadow Formed?
The formation of a shadow is based on a fundamental property of light:
e Rectilinear Propagation of Light: This means that light travels in a straight line.

e When an opaque object (an object that does not allow light to pass through it)
is placed in the path of light, it blocks the light rays.

e The light rays travel past the edges of the object, but they cannot reach the
area directly behind it.

e This area behind the object, where light is blocked, appears dark. This dark
region is what we call a shadow.

Three things are essential to form a shadow:
1. A Source of Light (like the Sun, a bulb, or a candle).
2. An Opaque Object (to block the light).

3. A Screen or Surface (where the shadow can be formed, like a wall, the ground,
or a piece of paper).

(Visual Aid Description: A diagram showing a light source (like a torch), an opaque
object (a ball), and a screen (a wall). Straight lines representing light rays travel from
the source, are blocked by the ball, and create a dark circular shadow on the wall.)
ii. Key Points and Important Terms

e Light Source: The object that emits light.

o Point Source: A very small source of light. It creates a sharp, dark shadow
(only an umbra).

o Extended Source: A larger source of light (like the Sun or a fluorescent
tube). It creates a shadow with two parts (umbra and penumbra).

e Opaque Objects: Objects that do not allow any light to pass through them.
They form dark, clear shadows.

o Examples: A book, a wooden block, a metal spoon, a person.
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e Translucent Objects: Objects that allow some light to pass through them, but
scatter it. They form faint, unclear shadows.

o Examples: Frosted glass, butter paper, thin plastic sheets.

e Transparent Objects: Objects that allow all or most light to pass through them
in a straight line. They do not form shadows.

o Examples: Clear glass, clean water, a clear plastic ruler.

e Umbra: The darkest, central part of a shadow. In the umbra, the light source is
completely blocked by the object.

e Penumbra: The fainter, outer part of a shadow. In the penumbra, the light
source is only partially blocked by the object. The penumbra is only formed
when the light source is an extended (large) source.

iii. Detailed Examples and Effects on a Shadow
The size and sharpness of a shadow can change.

Example 1: Changing the distance between the light source and the object.

e Observation: Move an object closer to the light source.

e Result: The shadow becomes larger.

e Reason: The object blocks a wider angle of light rays from reaching the screen.
Example 2: Changing the distance between the object and the screen.

e Observation: Move an object closer to the screen (and further from the light).

e Result: The shadow becomes smaller and sharper.

e Reason: The object blocks a narrower angle of light rays, and there is less space
for the light to spread out around the object before hitting the screen.

Example 3: Solar and Lunar Eclipses Eclipses are perfect examples of shadow
formation in space.

e Solar Eclipse: The Moon (opaque object) comes between the Sun (light source)
and the Earth (screen). The Moon's shadow falls on the Earth, causing a solar
eclipse for the people in the shadow region.

e Lunar Eclipse: The Earth (opaque object) comes between the Sun (light source)
and the Moon (screen). The Earth's shadow falls on the Moon, making the
Moon appear dark or reddish.
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iv. Common Misconceptions and Clarifications

Misconception
"A shadow is a black-colored
thing".

Clarification
A shadow is not a substance and has no color.
It is the absence of light. It appears dark
because we are seeing the unlit surface of the
screen.

"The color of the object
determines the color of the
shadow".

The shadow is always dark, regardless of the
object's color (e.g., a red ball and a blue ball
will both cast a dark shadow).

"Transparent objects like
glass can form shadows".

Clear, transparent objects do not form
shadows because they let light pass straight
through. You might see a very faint shape due
to imperfections or light refraction, but it's
not a true shadow.

"You need sunlight to make a
shadow".

Any source of light, whether natural (Sun) or
artificial (bulb, candle, phone flashlight), can
create a shadow.

v. Practice Problems with Step-by-Step Solutions

Problem 1: You are in a dark room with a single candle and a tennis ball. You are

making a shadow of the ball on the wall. What will happen to the size of the shadow

if you move the tennis ball closer to the candle? Explain why.

e Step 1: Identify the components.

o Light Source: Candle

o Opaque Object: Tennis ball

o Screen: Wall

e Step 2: Recall the rule.

o The rule states that as an object moves closer to the light source, its

shadow becomes larger.

e Step 3: Explain the reason.

o When the ball is closer to the candle, it blocks a wider angle of the light

rays that are spreading out from the candle. This larger "cone" of blocked

light results in a bigger shadow on the wall.

e Solution: The shadow of the tennis ball will become larger. This is because

moving the ball closer to the light source causes it to block more of the light

rays that are spreading out, casting a bigger shadow on the wall.
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Problem 2: Look at a shadow of your hand on the wall, created by a large ceiling
light. You will notice a very dark part in the middle and a fuzzy, lighter part around
the edges. What are the scientific names for these two parts of the shadow? Why do
both parts form?

e Step 1: Identify the parts of the shadow.
o The dark, central part.
o The fuzzy, lighter outer part.

e Step 2: Recall the key terms.

o The darkest part of a shadow is called the umbra.
o The lighter, partial shadow is called the penumbra.

e Step 3: Explain the cause.

o These two parts form because the light source (the large ceiling light) is an
extended source, not a point source. The umbra is the region where your
hand blocks all light from the ceiling light. The penumbra is the region
where your hand only blocks light from some parts of the ceiling light,
while light from other parts can still reach the wall.

e Solution: The dark part is the umbra, and the fuzzy, lighter part is the
penumbra. They form because the ceiling light is a large (extended) light
source, which allows for a region of partial shadow (penumbra) to be created
in addition to the region of total shadow (umbra).

vi. Summary of Main Concepts
e Light travels in straight lines.
e Ashadow is an area of darkness formed when an opaque object blocks light.
e Toform a shadow, you need a light source, an opaque object, and a screen.

e The size of a shadow depends on the distance between the source, object, and
screen.

o Closer to light source = Bigger shadow.
o Closer to screen = Smaller shadow.
e An extended light source creates two parts of a shadow:

o Umbra: The completely dark inner part.
o Penumbra: The partially dark outer part.

e Eclipses are examples of large-scale shadow formation in our solar system.




