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1. How is energy efficiency expressed in a percentage?
A. Efficiency = Output Work ÷ Input Work
B. Efficiency = Ideal Work ÷ Actual Work
C. Efficiency = Work Done per Time
D. Efficiency = Input Work ÷ Output Work

2. What is the ideal effort needed to lift a 300 N load with a
wedge that has an IMA of 4.0?
A. 150 N
B. 100 N
C. 75 N
D. 50 N

3. What factors affect the actual mechanical advantage (AMA)
of a machine?
A. Speed and distance
B. Friction and deformation
C. Mass and velocity
D. Pressure and area

4. What defines a compound machine?
A. A machine made of two or more simple machines.
B. A device that uses levers and pulleys to create a mechanical

advantage.
C. A machine that can only perform one type of mechanical

work.
D. A complex mechanism that requires no assembly of simple

machines.

5. What is the significance of the static coefficient of friction
in inclined planes?
A. It determines the speed of the object.
B. It affects the force needed to move a mass up the inclined

plane.
C. It establishes the weight of the object.
D. It is irrelevant to inclined planes.
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6. What is the principle that an object at rest will stay at rest?
A. Newton's Second Law
B. The Law of Inertia
C. Newton's Third Law
D. The Law of Conservation of Motion

7. What is the correct formula to compute IMA for an inclined
plane?
A. Height divided by length
B. Length divided by height
C. Length multiplied by height
D. Height multiplied by length

8. What is the IMA of a compound pulley with 4 supporting
strands?
A. 2
B. 3
C. 4
D. 5

9. What factor directly affects the frictional force acting on
two surfaces?
A. The weight of the object
B. The material of the surfaces
C. The surface area in contact
D. The temperature of the surfaces

10. What happens to the ideal mechanical advantage (IMA)
when the pitch of a screw is increased?
A. It increases
B. It decreases
C. No change occurs
D. It becomes infinite
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1. A
2. C
3. B
4. A
5. B
6. B
7. B
8. C
9. B
10. B
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Explanations
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1. How is energy efficiency expressed in a percentage?
A. Efficiency = Output Work ÷ Input Work
B. Efficiency = Ideal Work ÷ Actual Work
C. Efficiency = Work Done per Time
D. Efficiency = Input Work ÷ Output Work

Energy efficiency is expressed as the ratio of useful output work to the total input work,
represented mathematically as Output Work divided by Input Work. This ratio is typically
multiplied by 100 to express the efficiency as a percentage. The concept of efficiency in
this context highlights how much of the energy supplied to a system is converted into
useful work, as opposed to being lost or wasted in the process.  In this scenario, choosing
the correct formulation underscores the importance of understanding energy conversion
processes. An efficient machine or system maximizes output while minimizing losses,
making this calculation critical in evaluating performance. The other options either
misrepresent the relationships involved or suggest different metrics that do not convey
the overall energy efficiency accurately.

2. What is the ideal effort needed to lift a 300 N load with a
wedge that has an IMA of 4.0?
A. 150 N
B. 100 N
C. 75 N
D. 50 N

To determine the ideal effort needed to lift a load using a wedge with a given Ideal
Mechanical Advantage (IMA), you can use the following relationship:   Ideal Mechanical
Advantage (IMA) = Load / Effort.  In this case, the load to be lifted is 300 N, and the IMA
of the wedge is given as 4.0. Rearranging the formula allows us to find the effort:  Effort
= Load / IMA.  Substituting the values gives:  Effort = 300 N / 4.0 = 75 N.  This
calculation shows that to lift the 300 N load with a wedge that has an IMA of 4.0, an ideal
effort of 75 N would be required. This answer reflects the fundamental principle of how
mechanical advantage allows a smaller effort to lift a larger load, demonstrating the
efficiency of using a wedge as a simple machine.

8Sample study guide. Visit https://scienceolympiadmachines.examzify.com for the full version

SA
M

PLE



3. What factors affect the actual mechanical advantage (AMA)
of a machine?
A. Speed and distance
B. Friction and deformation
C. Mass and velocity
D. Pressure and area

The actual mechanical advantage (AMA) of a machine is principally influenced by friction
and deformation. Friction occurs between moving parts, which can significantly reduce
the efficiency of a machine as it opposes motion, causing energy loss as heat. This
reduction in output force compared to input force means that the AMA will be lower than
the ideal mechanical advantage (IMA), which assumes no energy loss.  Deformation
refers to any change in the shape or size of parts of a machine due to applied forces,
which can further hinder the machine's performance. When components experience
deformation, they may not function as intended, leading to reduced output force or
reliability.   By understanding how friction and deformation impact the operation of
machines, it becomes clear why these factors are critical in calculating the AMA and
assessing the effectiveness of mechanical systems. This understanding helps in designing
machines that minimize these effects, thereby enhancing their performance.

4. What defines a compound machine?
A. A machine made of two or more simple machines.
B. A device that uses levers and pulleys to create a mechanical

advantage.
C. A machine that can only perform one type of mechanical

work.
D. A complex mechanism that requires no assembly of simple

machines.
A compound machine is defined by its composition, which includes two or more simple
machines working together to perform a task. Simple machines, such as levers, pulleys,
wedges, screws, inclined planes, and wheels and axles, are the basic building blocks of
mechanical systems. When these simple machines are combined, they can create a
compound machine that can more efficiently accomplish a specific function.   For
example, a bicycle utilizes several simple machines like wheels (wheel and axle), gears
(levers), and chains, all working together to enable movement. This synergy allows
compound machines to achieve significant mechanical advantages beyond what a single
simple machine could provide.   In contrast, other options either limit the definition of
machines to specific types or functionalities, or they incorrectly suggest that a compound
machine does not require the integration of simpler mechanisms. Thus, the emphasis on
the combination of multiple simple machines as the essence of a compound machine
makes this definition accurate and applicable in understanding mechanical principles.
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5. What is the significance of the static coefficient of friction
in inclined planes?
A. It determines the speed of the object.
B. It affects the force needed to move a mass up the inclined

plane.
C. It establishes the weight of the object.
D. It is irrelevant to inclined planes.

The static coefficient of friction plays a crucial role in understanding how objects
interact with inclined planes. Specifically, it affects the force required to initiate
movement of an object resting on the inclined surface. When an object is placed on an
inclined plane, it experiences two primary forces: the gravitational force pulling it
downward and the frictional force opposing its potential motion down the slope.  The
static coefficient of friction quantifies the amount of friction that must be overcome for
an object to begin moving. A higher static coefficient indicates that more force is needed
to overcome friction, while a lower coefficient means less force is required. This
relationship is vital for calculating the minimum force necessary to push or pull an object
upwards against gravity along the incline. Therefore, understanding the static coefficient
helps in designing machines, systems, or mechanisms that involve inclined planes and
ensures they function as intended under various conditions.   In contrast, the other
options do not accurately capture the role of the static coefficient of friction in this
context. For instance, it does not determine the speed of the object, nor does it establish
the weight of the object. Additionally, the static coefficient is certainly relevant to
inclined planes, as it directly influences the forces at play.

6. What is the principle that an object at rest will stay at rest?
A. Newton's Second Law
B. The Law of Inertia
C. Newton's Third Law
D. The Law of Conservation of Motion

The principle that an object at rest will stay at rest is encapsulated by the Law of Inertia.
This law, which is derived from Newton's First Law of Motion, states that an object will
remain in its current state of motion—whether at rest or moving at a constant
velocity—unless acted upon by an external force. Essentially, the Law of Inertia is
foundational in understanding the behavior of objects in both static and dynamic
contexts.   In the absence of forces, such as friction or applied force, an object will not
change its state of motion, illustrating that rest is a stable state. This concept is crucial
in fields like physics and engineering, as it helps predict how objects will react under
various conditions.   The other principles mentioned, such as Newton's Second Law, deal
with the relationship between force, mass, and acceleration, while Newton's Third Law
describes action and reaction forces. The Law of Conservation of Motion relates more
broadly to the conservation of momentum in systems rather than specifically addressing
the state of objects at rest. The unique focus of the Law of Inertia makes it the correct
answer for this question.
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7. What is the correct formula to compute IMA for an inclined
plane?
A. Height divided by length
B. Length divided by height
C. Length multiplied by height
D. Height multiplied by length

To compute the ideal mechanical advantage (IMA) for an inclined plane, the formula is
derived from the relationship between the height of the inclined plane and its length. The
ideal mechanical advantage represents how much a machine multiplies the input force
under ideal conditions without considering friction.  The IMA of an inclined plane is
determined by taking the length of the incline and dividing it by the height of the incline.
This relationship allows you to understand how much the plane helps to lift an object
against gravity. Specifically, a longer ramp means that less force is needed to lift an
object to the same height; this is because the work done is spread over a longer distance.
In this context, the height represents how far the object is lifted vertically, while the
length represents the distance along the incline that must be traveled. By dividing the
length by the height, you get a measure of the mechanical advantage offered by the
incline, reflecting the efficiency gained in moving the object upward.  Thus, using the
formula that involves length divided by height effectively captures how inclined planes
assist with lifting tasks by reducing the required input force.

8. What is the IMA of a compound pulley with 4 supporting
strands?
A. 2
B. 3
C. 4
D. 5

The ideal mechanical advantage (IMA) of a pulley system is determined by the number of
supporting strands that are responsible for lifting the load. In the case of a compound
pulley with 4 supporting strands, the IMA is equal to the number of these strands. Each
strand provides support to help lift the load more efficiently, allowing you to apply less
force than the weight of the load being lifted.  In this scenario, since there are 4
supporting strands, the IMA is 4. This means that the force you exert to lift the load is
only 1/4th of the weight of the load itself, thanks to the assistance provided by the pulley
system. This principle of mechanical advantage highlights how pulleys can simplify
lifting tasks by distributing the load across multiple strands, allowing for a greater
efficiency in the lifting process.   Other response options do not correctly represent the
number of supporting strands in the pulley system, thus leading to lower IMA values that
don't correspond to the actual configuration described in the question.

11Sample study guide. Visit https://scienceolympiadmachines.examzify.com for the full version

SA
M

PLE



9. What factor directly affects the frictional force acting on
two surfaces?
A. The weight of the object
B. The material of the surfaces
C. The surface area in contact
D. The temperature of the surfaces

The frictional force between two surfaces is primarily affected by the materials that
compose those surfaces. This is because different materials have unique coefficients of
friction, which represent how easily they slide against one another. For instance, rubber
on concrete provides much more grip compared to ice on steel due to the distinct surface
characteristics and bonding at the microscopic level.  While factors such as the weight of
the object can influence the normal force (which in turn affects friction), the intrinsic
properties of the materials themselves determine the main frictional characteristics.
Therefore, understanding the materials involved is crucial in predicting and calculating
frictional forces in various scenarios.  Other options might touch upon the effects on
friction, such as weight which influences normal force, or surface area which does not
significantly impact friction in most cases. Temperature can also affect the properties of
materials and potentially alter friction, but the primary determinant of the frictional
force remains the materials in contact.

10. What happens to the ideal mechanical advantage (IMA)
when the pitch of a screw is increased?
A. It increases
B. It decreases
C. No change occurs
D. It becomes infinite

The ideal mechanical advantage (IMA) of a screw is calculated as the ratio of the
circumference of the screw to the pitch of the screw. Pitch refers to the distance between
threads, or how far the screw advances in one complete turn. When the pitch of a screw
is increased, it means that the distance between the threads is larger, which results in
requiring more force to move the screw a certain distance.  As the pitch increases, the
value of the denominator in the IMA formula becomes larger, while the circumference
remains the same. Since the IMA is inversely related to the pitch, increasing the pitch
results in a lower mechanical advantage. This means the screw becomes less efficient in
converting input force to output force, leading to a decrease in the IMA.   Thus, when the
pitch of a screw is increased, the ideal mechanical advantage decreases, making it more
difficult to lift a load with the same amount of input force.
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