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EmSAT Achieve Physics
Public Test Specification

Test Description: EmSAT Achieve Physics measures test taker proficiency in Physics and determines
their readiness for college. EmSAT Achieve Physics consists of five major domains: (1) Mechanics; (2)
Waves and Optics; (3) Thermal Physics and Thermodynamics; (4) Electricity and Magnetism; and (5)
Modern Physics. The exam is adaptive. Exam content and difficulty is customized to the individual test
taker. When a test taker answers a question correctly, they will be given more difficult content; when
they answer a question incorrectly, they will be given easier content. This process of continuous
adjustment delivers optimized content for each test taker throughout the exam, maximizing their
opportunity to perform at their best and providing a more accurate measure of their ability. Test
takers should do their best to answer each question correctly; once a question is answered, they will
not be able to go back and change the answer.

Test Duration: 90 minutes

Mechanics

Waves and Optics

Content Areas: . Thermal Physics and Thermodynamics.
Electricity and Magnetism.

Modern Physics.

Task Types: Multiple Choice

Calculators Allowed

EmSAT Achieve Physics

Score Descriptors

High Proficiency: Students at this level are well-prepared for first-year
physics courses at the university level.

Proficient: Students at this level are at a satisfactory level of preparation to

1100-147
00 > begin first-year physics courses at the university level.

Borderline Proficient: Students at this level are minimally prepared for first-
900-1075 year physics courses at the university level and may need additional support
in some areas.

Basic: Students at this level do not have sufficient mastery of prerequisite
700-875 knowledge for first-year courses in physics at the university level and will
likely need some additional support.

Needs Improvement: Students at this level need additional instructional
500-675 support in basic physics concepts and skills before beginning any first-year
physics courses.

Little knowledge of basic science: Students at this level lack knowledge and
skills of basic science concepts.
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Appendix 1: Content Areas

Below are the major sections and related content specifications that grade 12 students should be able
to demonstrate mastery of in order to meet the expectations of this test.

Mechanics
This domain measures examinee understanding on Translational Motion, Rotational Motion
and Fluids Mechanics.

Translational Motion

Examinee should be able to analyze, interpret and describe the motion of objects in 1D and 2D
Translational Motion in term of kinematics and dynamics laws and laws of conservation:
conservation of energy and conservation of momentum.

A.1 Examinee should be able to apply all the laws of kinematics and dynamics in order to
interpret, analyze and describe translational motion for objects in different arrangements and
situations.
This section may include:
1. 1D Translational Motion Kinematics Quantities.

Kinematics Equations in Uniform Linear Motion.

Newton's Laws of Motion.

Universal Gravitation and Kepler’s laws of Planetary Motion.

2D Translational Motion Kinematics Quantities.

Projectile Motion.

Uniform Circular Motion and Satellite Motion.

A.2 Examinee should be able to evaluate the work done by a force or multiple forces on a
given system to the changes in that system total energy and power and apply the law of
conservation of energy to describe, analyze and solve problems that are difficult to analyze
using Newton’s Laws of Motion. This section may include:

1. Work done by constant or varying force.

2. Energy.

3. Power.

4. Conservation of Energy.

A.3 Examinee should be able to use the law of conservation of 1D and 2D linear momentum to
describe, analyze and solve the motion of situations that are difficult to analyze using
Newton’s Laws of Motion such as collisions and explosions in 1D and 2D. This section may
include:
1. Center of Mass.

Linear Momentum.

Impulse.

Conservation of linear Momentum.

Collisions.
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Rotational Motion
Examinee should be able to analyze, interpret and describe the rotational motion of an

extended rigid object about a fixed axis in term of kinematics and dynamics laws and laws of
conservation: conservation of angular energy and conservation of angular momentum.

B.1 Examinee should be able to apply all the laws of kinematics and dynamics in order to
interpret, analyze and describe rotational motion of an extended rigid object about a fixed
axis in different arrangements and situations. This section may include:

1. Rotational Motion Kinematics Quantities

2. Moment of Inertia.

3. Torque.

4. Newton’s Second Law for Rotation and Static Equilibrium.

B.2 Examinee should be able to relate the work done by a torque or multiple torques on a
given system to the changes in that system total angular energy and use the law of
conservation of angular energy to describe, analyze and solve problems that are difficult to
analyze using Newton’s Laws of Motion. This section may include:

1. Work Done by constant or varying Torque.

2. Angular Energy and Conservation of Angular Energy.

3. Angular Momentum and Conservation of angular Momentum.

Fluids Mechanics

Examinee should be able to analyze, interpret and describe the properties of fluids at rest and
in motion using fluids mechanics laws such as Pascal's Principle, Archimedes’ Principle and
Bernoulli’s Equation.

C.1 Examinee should be able to analyze, predict and describe the properties of fluids at rest.
This section may include:

1. Pascal’s Principle.

2. Archimedes’ Principle and Law of Floatation.

C.2 Examinee should be able to analyze, predict and describe the properties and the behavior
of ideal fluids in motion. This section may include:

1. Fluids Flow

2. Bernoulli’s Equation
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Waves and Optics
This domain measures examinee understanding of oscillations, waves (Mechanical waves and
electromagnetic waves) and optics (geometric optics and physical optics).

Waves

Examinee should be able to analyze, interpret and describe different types of oscillations and
explain how repeated oscillations cause periodic waves (travelling wave or standing waves)
with unique properties and characteristics.

A.1 Examinee should be able to distinguish and analyze different types of oscillations: ideal
oscillations, damping oscillations and forced oscillations and describe them mathematically
and graphically and identify the conditions for each type of oscillations.
This section may include:

1. Simple Harmonic Motion

2. Damped Oscillations

3. Driven (Forced) Oscillations and Resonance

A.2 Examinee should be able to describe and represent different mechanical waves properties
and characteristics mathematically and graphically and analyze the wave behavior of these
waves such as standing waves, doppler effect, superposition and reflection.
This section may include:

1. Mechanical Waves Representations and Characteristics.

2. Mechanical Waves Behavior.

3. Sound in Motion (Doppler Effect).

Optics

Examinee should be able to analyze and describe the behavior and the properties of light,
along with its interactions with the matter and with the instruments which are used to detect
it.

B.1 Examinee should be able to analyze, describe and explain the phenomena of light wave
where ray approximation of geometric optics is not valid such as interference, diffraction, and
polarization.
This section may include:

1. Electromagnetic Waves

2. Polarization

3. Interference

4. Diffraction.

B.2 Examinee should be able to use ray diagrams to analyze, identify and describe the image
properties and characteristics that are formed by different types of mirrors and thin lenses
and explain the operation of different optical instruments and devices.
This section may include:
1. Reflection

Refraction

Mirrors

Thin Lenses

Optical instruments and devices.
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Thermal Physics and Thermodynamics
This domain measures examinee of understanding thermal physics concepts and quantities
and thermodynamics systems, processes and laws.

Thermal Physics
Examinee should be able to define fundamental physical quantities (internal energy,
temperature, heat) that characterize thermodynamic systems.

A.1 Examinee should be able to define and measure temperature in different temperature
scales and describe how temperature change alters materials dimensions (thermal expansion).
This section may include:

1. Temperature Scales

2. Thermal Equilibrium

3. Thermal Expansion

A.2 Examinee should be able to distinguish between heat (thermal energy transfer) and
temperature and describe how phase change and heat transfer occur. This section may
include:

1. Quantity of Heat and Specific Heat Capacity.

2. Calorimetry and Phase Changes.

3. Mechanisms of Heat Transfer.

B. Thermodynamics
Examinee should be able to describe ideal gases and their behavior using the kinetic molecular
theory of gases and use thermodynamic laws to characterize and define thermodynamics
systems processes and directions.

B.1 Examinee should be able to use the kinetic-molecular theory to explain the empirical gas
laws (observations) and the behavior of ideal gases. This section may include:

1. Ideal Gas Laws.

2. Kinetic Molecular Theory.

B.2 Examinee should be able to use laws of thermodynamics to define physical quantities that
characterize thermodynamics systems in equilibrium such as temperature, energy and
entropy and describe the relationships between these quantities. This section may include:

1. First Law of Thermodynamics.

2. Second Law of Thermodynamics.
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Electricity and Magnetism
This domain measures examinee understanding of static and current electricity, magnetism
and the interaction between electricity and magnetism (electromagnetism).

Electricity
Examinee should be able to demonstrate an understanding of all the phenomena and
application related to static and current electricity.

A.1 Examinee should be able to analyze and explain the phenomena and properties related to
stationary or slow-moving electric charges. This section may include:
1. Electric Charge

Electrostatic Force

Electric Feld

Electric Flux

Electric Potential and Electric Potential Energy.

Capacitors, Capacitance and Dielectrics

A.2 Examinee should be able to describe the motion of electric charges in conductors and
distinguish between practical DC and AC circuits in term of characteristics and applications.
This section may include:

1. Electric Current

2. Direct Current (DC) Electric Circuits

3. Alternating Current (AC) Electric Circuits.

Magnetism

Examinee should be able to demonstrate an understanding of the concept of magnetism and
magnetism related phenomena and explain how electricity could be generated from
magnetism.

B.1 Examinee should be able to analyze, explain and describe all phenomena associated with
natural magnets and electromagnets such as magnetic field, magnetic forces, magnetic flux,
magnetic torque. This section may include:
1. Magnet and Electromagnet Properties

Magnetic Field

Magnetic Flux

Magnetic Force

Magnetic Torque

B.2 Examinee should be able to explain the concept electromagnetic induction that electricity
could be generated from magnetism and use it to explain the operation of electromagnetic
induction applications such as transformers and electric generators. This section may include:

1. Electromagnetic Induction Laws

2. Electromagnetic Induction Applications

3. Inductance and Inductors.
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Modern Physics

This domain measures examinee understanding the concepts and the implications of the
branch of physics that was developed in the early 20th century and onward such as the theory
of relativity and quantum physics.

The Theory of Relativity

Examinee should be able to distinguish between the special theory of relativity and the
general theory of relativity and use them to explain many modern physics phenomena such as
nuclear physics, astronomy and cosmology.

A.1 Examinee should be able to explain the implications of Einstein's Special Theory of
Relativity and describe how Newtonian mechanics failed to explain properly the motion of
objects whose speeds approach that of light. This section may include:
1. Einstein's Special Theory of Relativity Postulates.

Relativity of Simultaneity.

Relativity of Time Intervals.

Relativity of Length.

Relativistic Momentum

Mass-Energy Equivalence

Quantum Physics and Atomic Physics
Examinee should be able to use the quantum theory to explain the nature and behavior of
matter and energy on the atomic level that the classical physics failed to such as light wave-

particle duality and the modern atomic structure model.

B.1 Examinee should be able to describe and explain the Dual Nature of Light and Matter and
explain the experiments that proved the light-matter duality. This section may include:
1. Blackbody Radiations

Photoelectric Effect

The Compton Effect

Matter Waves: de Broglie wavelength

Heisenberg Uncertainty Principle

Quantum Physics Application.

B.2 Examinee should be able to explain how the quantum physics theory helped in
understanding the modern atomic model (Bohr Model). This section may include:
1. Atomic Models.

2. Atomic Spectra.
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Nuclear Physics
Examinee should be able to describe the atomic nuclei and their constituents, interactions and

radiations when they are unstable.

C.1 Examinee should be able to describe the properties and the structure of the atomic
nucleus and distinguish between natural transmutation and artificial transmutation. This

section may include:
1. Nuclear Atom Structure and Properties
2. Natural Transmutations: Natural Spontaneous Radioactivity.
3. Rate of Radioactive Decay
4. Artificial Transmutations: Induced Nuclear Reactions

C.2 Examinee should be able to describe the nature of the particles that constitute matter and
radiation and distinguish between elementary particles and composite particles. This section
may include:

1. Elementary Particles.

2. Composite Particles.
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Appendix 2: Required Mathematics Knowledge and Skills.

A. Arithmetic:
o Candidates should be able to:

= Use decimal and scientific notations expressions.

=  Perform addition, subtraction, multiplications and divisions using signed and
unsigned numbers.
Use scientific calculators to perform arithmetic operations.
Deal with means, powers including reciprocals and square roots, exponentials
and logarithms (log and In), sines, cosines, tangent and the inverse functions.
Specify appropriate number of significant figures.

B. Algebra:
o Candidates should be able to:
= Manipulate (rearrange) an equation in term of a specified quantity- change
the subject of the equation.
Solve algebraic equations (find the solution) of first-degree (linear equation)
and second-degree (quadratic equation) including equations that has
logarithmic and exponential function.
Evaluate an equation by substitution (substituting the value of a given
guantity).
Check the units’ consistency of an equation.
Formulate an equation to represent models of physical situations/scenario).

C. Geometry and Trigonometry:
o Candidates should be able to:
= Find the areas, volumes and circumference of different of triangles (right
angled, isosceles) circles, rectangles, cylinders and spheres.
Use Pythagoras’ theorem, similarity of triangles, the angle sum of a triangle.
Use sines, cosines and tangents (especially for 0°, 30°, 45°, 60°, 90°).
Convert from degrees to radians and vice versa.

D. Vectors:
o Candidates should be able to:
=  Perform vector addition, subtraction, multiplication.
=  Find the resultant of two coplanar vectors.
= Resolve vectors into their perpendicular components.

E. Graphs:
o Candidates should be able to:

= Extract information from graphs as required.

= |nterpret the meaning of the graph variables and scales (units).

®  Find the slope, intercept and intersection for linear graphs and write linear
equation form y =mx + c.
Find the line best fit for a set of data points presented graphically.
Find the area below a curve where the area has physical significance.
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F. Integration and Derivative
o Candidates should be able to:

= Perform common derivatives such as:
- Polynomials
- Trig functions
- Inverse trig functions
- Exponential/Logarithm Functions

= Perform common integrals such as:
- Polynomials
- Trig functions
- Inverse trig functions
- Exponential/Logarithm Functions
- Miscellaneous

= Perform integration using standard integration techniques such as:
- U Substitution
- Integration by Parts
- Trig Substitutions
- Partial Fractions
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Appendix 3: Sample Questions

1.
During beta minus decay a neutron decays o i) Jlasy cAlludl By Silasaa JS3) IO

into a proton, an electron and a charge-less COsndie e asa 5 s Kl g G gig )

particle. ?U A _),_\l‘.‘— e (RS “u} L
What is the name of this charge-less

particle?

A.
[ Antineutrino s )i g Ak j

B

Pi Meson Qs Pi j

C.
[ K Meson U K j

D
Sigma particle [PECIPNES j
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The figure below shows a light ray that Ce JEiY A gaia gl Ja g g gy linl JSU)
travels from material 1 and arrives at the 2 Jau ) (g 4in Jualll C'L"“‘]' R PR
interface between material 1 and material 2.
What is the angle of reflection?

£ Syl A5l ol

Material 1

Material 2
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Three capacitors are connected in series as Le  JS&0 JPLRPS “,Jl sl e GUES 8 Jiay &
shown in the following diagram. Y 5 X i) (LAl dadd) Ao
What is the net capacitance between points

Xand Y?
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The illustration shows a steel rod is fixed JUTTRUIT RV FUPREITIES VWP YON |
between two walls. The rod has a length daliay sia 10 b anaill Jgha culaila
(L=10 m) and. a cwc;lgracross sectional e 0.03 o Caai & yila akai
area with radius ('r— .03 m). 13) Jalal e sl cpe Akl 3 5l A Le
How much force is generated by the rod on L. .

) A gie A 33 20 (e apaill Bl ja Aapo Sl

the wall if the temperature increases from
20°Cto 40°C ? fiyda 040

1.34 x 10°N

3.05x 10°N

2.88 x 10°N

5.70 x 10°N
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A 20 x 10 C charge is moving at a Al Ao oy 2158 20X 1070 Lgiagd Linh &l a3
constant speed of 5 x 107 m/s through iad alitia pahline Jlae A 430/ jie 5X1 o’
a magnetic field strength of 3T at an angle Rl sladh ao a3 30 Zusl s S 3

of 30° with the magnetic field direction. p i
Apuudalinall 3 gall 4agd L _‘ru.\LL'\i.A.“
Find the magnetic force on this moving e C ol )
€3S jaiall Liadl)

charge?

bbinadl Juaall slasl

Magnetic field direction

Charge ;. =)
+q
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A ball is thrown vertically up in the air and 3 _pa Ledaliil] o5 ya g e D Losec 3 S Ll a3
then caught again. Which velocity-time Ol ae 5,80 eyl il aas (;;i Al

¢
.@Ia.n.a

graph for the ball is correct?
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In which of the four situations are the forces e 3 sall (sl (0 5S3 Any ) Y) JWSEY (4 5
on the object not balanced? A Jia g ameall

(A]
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A water piston has two sides , side a which
has a square cross section of L = 0.25m,
and side b of a circular cross section of
radiusr=0.5m.

What is the mass m need to be added to
the square cross section to lift the mass M
= 1000 kg on the circular cross section
knowing that the height h = 1m?

dalue 4l g cailadl ol e (g iy ela paSa
b cilally ¢ yie L =0.25 Jsha Aag e adaia
a1 =0.5 ki ciaiy 4 il adaie Al

a culall Ldila) sy Al m ALK 4l A L
pS M = 1000 AES ad ) dny jall dalisall 5
of Caade 13 4 sl dabeddl b cilall e
e h=1 gla,y)
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A proton is accelerated to 90% the speed of ¢ pall de ja 0 %90 Y Gsisn @ md B

light in a particle accelerator. By what factor PP Jaleall L Cilagusall ¢ Slecs a5
will the mass of the proton increase by? €0yl AL 40 2 33

A.[

B.

(
C.[
(

D.

The air pressure in a car tyre is measured die psi 35 (5 sboy 5kl <l ) B o) gl Jaria
to be 35 psi when at a temperature of 28°C el sedl Jiic) Sy s Ay sie da 40 28 Bl A da g
:rr]]d can.bethass:n?ed t;) be an id::al ga&-‘.{.j G g e 5Ll 8 at e e e

e car is then driven for some time an Gy 54 Ll UaY! Uil ol sell 50 s cinii 5

the internal air temperature then rises to e LLY) b el o] ool b Bl i d
54°C. What will be the new tyre pressure? FlIEY) o waad o) 5e] O 1Be 2 s

A
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The figure below shows a spherical wave die jhae (e Coeail 4y 9 S Aa e grada g9 olia) JSI)
that radiates from the source at S where the | of il Aa gall aad 1o gud) il sall Jiai Cus §
black circles represent the peaks of the e (205550 udaia e Ao sall 58 Jur gt (Jhad

wave. Assuming that | is the average
3 S mha i | 325 Jaw 61 Lrla ks
intensity of the wave at the surface of the s ot A pall B3k hansia a Le Lok

sphere of radius r. What is the average 7 2r W ki Chuas
intensity of the wave at the surface of a
sphere of radius 2r?
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12.
If the work function for silver is 4.70 eV, what ossN 470 (sl Aadll Jell) alla calS 1Y)

is the minimum frequency of incident light S 5 TV PSS 1RGO R PR DA
that will cause photoemission of electrons? Sl I 3 i ilact] Ciaay

A.
[ 1.13 x 10" Hz j

B.
1.52 x 10"° Hz

( J
“( 215 10% Hz )
( J

D.
2.74 x 10" Hz

13.
Which diagram represents the electric field Osiind (268 Jlae Jiag olial JEY (4 (s
between two oppositely charged conducting foutlia sa 3 £ o otuslaia

spheres?
N

A [

o
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A cart travels with a constant nonzero ptiise b e Gl e Hluds 5l il
acceleration along a straight line.

Adliall (o A Juzad] <80 Jiad il i
Which graph best represents the relationship o ¢- j 3:")1 f‘gn
between the distance the cart travels and time e

of travel?

A [

Distance
Distance

Distance
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The diagram below shows two pulses o Lagandd i Gl ) ) obial JSBN yudy
approaching each other in a uniform Uuilaia Ja g
medium. o

$epiamnll i€ il faaad Qi Juadl aay (S 6

Which diagram best represents the
superposition of the two pulses?

One vibrating 256 Hz tuning fork transfers Aadall Jax5 Gusy 256 Hz 2ayh 43l ) AS el Yigd

energy to another 256 Hz tuning fork, 23 il i L (g Al S g3 ) A4S g3l o2 (e
causing the second tuning fork to vibrate. . P Lk Lae 256 Hz (ol

What type of phenomenon is this? faallll ol aul Lo

A. [
resonance
B. ] ]
diffraction
C.
[ refraction Jlassy j

D.
[ reflection wslSasy) j
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Which circuit has the largest equivalent SIS0 Do glia S Ll olind Ay 5e<I 2l ylall (4e ()
resistance?

A

2Q

T NV

6Q

M
M\

20
49Q
NN

Answer Key:

>

1.
2.
3.
4.
5.
6.
7.
8.
9.

O o S
o u .k wnNE O
>>»>>>>>>>>>>>>> >

=
N
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