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Q1. PMDC

The minimum number of coplanar vectors of unequal
magnitude required to produce a zero resultant
vectoris:

® 2

3

© 4

® 5

Q2. PMDC

If a vector A has components 4, = 1.5 cmand 4, =
—1.0 cm, in which quadrant of the Cartesian
coordinate system does the vector point?

(A Quadrant|

Quadrant I
(© Quadrantll

(® Quadrant |V
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Q3. PMDC

Two forces of magnitude 20 Nand 50 N act
simultaneously on a body. Which of the following
forces cannot be aresultant of these two forces?

@® 40N
® 30N
© 20N
® 70N

Q4. PMDC

The sum of the magnitudes of two forces acting ata
pointis16 N. If the resultant force is 8 N and its
directionis perpendicular to the smaller force, then
the magnitudes of the individual forces are:

(® 6Nand10N

8Nand8N
(© 4Nand12N

© 2Nand14N

Q5. PMDC

For which angle between two non-zero vectors Aand
Bistherelation |4 - B| = |4 x B|satished?

@) 30°

45°

(©) 60°

©) 90°
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Q6. PMDC

What s the scalar (dot) product of the orthogonal unit
vectorsiand j?

® 0
®1
© -1
® k

Q7. PMDC

The direction of a vector product (cross product) is
determined by which of the following rules?

() Head-to-tailrule
Right-hand rule

(© Left-handrule

(D) Fleming'sleft-handrule

Q8. PMDC
What is the cross product of the unit vectors i x j?

® 0
® -j
© -k
® k

Q9. PMDC

Arigid body isin a state of complete equilibrium only
if which of the following conditions is satisfied?

A ZF=0

7=0

(© XF =0andx7 =0

(D) ©F, = ¥F,

Q10. PMDC

The unit vector a in the direction of vectorad is
mathematically defined as:

® la|

i-d

©dxa

© a/ld

QI11. PMDC

Which mathematical condition must be satisfied to
guarantee that an objectis in rotational equilibrium?

® =7=0
® ZF=0
(© TF=0and=7 =0
®© TF >0
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Q12. PMDC

Two forces of 5N and 7 N act on a single point. Which
of the following force values cannot be their
resultant?

® 3N
® 7N
© 1N
© 1N

Q13. PMDC

If a force vectoris givenby F' = 2i + 3] — 4k and the
displacementvectoris D = i — 2] — 5k, calculate the
work done by the force.

®) 28
® -24)
© -8)
® 16)

Q14. PMDC

The sum and the difference of two perpendicular
vectors of the same magnitude are always:

(A Parallelto each other

Perpendicular to each other

(©) Atanacute angle with each other

(©) Atanobtuse angle with each other

Q15. PMDC

Anull vectoris defined as a vector that has:

@ Zero magnitude and a specific direction along the x-axis
Unit magnitude and an arbitrary direction

(©) Zero magnitude and no specific direction

(@) Infinite magnitude and arandom direction

Q16. PMDC

The net external torque acting on arigid body
determinesits:

(A Linear acceleration

Angular acceleration

(©) Linearmomentum

(®) Moment of inertia

Q17. PMDC

Which of the following physical quantities is a scalar
quantity?
(&) Power

Torque
(©) Momentum

(@) Impulse
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Q18. PMDC

The magnitude of the resultant of two forces is at its
minimum value when the angle between themis:

® o0°

45°

© 90°

(D) 180°

Q19. PMDC

Which of the following pairs contains exactly one
vector quantity and one scalar quantity?

(n) Displacement, Acceleration

Force, Kinetic Energy

(©) Power, Speed

(©) Momentum, Velocity

Q20. PMDC

Which of the following objects has every point onits
surface equidistant fromits center of gravity?

(A Anegg

A cubic box

(©) Atriangular prism

(D) Atable tennis ball

Q21. PMDC

A unit vectoris primarily used in physics to specify
which of the following properties?

(&) Thedirection of avector

The magnitude of avector

(©) The angle of avectorwith the origin

(D) The position of avectorinspace

Q22. PMDC

If the rectangular x-component R, of a vectoris
positive and its y-component R, is negative, in which
quadrant does the resultant vectorlie?

(A) Firstquadrant

Second quadrant

(©) Third quadrant

(©) Fourth quadrant

Q23. PMDC

Torque is also commonly referred to in physics as the:

(A) Momentarm

Moment of force
(©) Moment of inertia
(@) Impulse of force
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Q24. PMDC

By standard sign convention, an anticlockwise
(counterclockwise) torque is considered:

(&) Positive
Negative

(© Zero
() Imaginary

Q25. PMDC

Two equal and opposite forces acting on abody along
differentlines of actionforma:

(A) Resultantvector

Moment arm

(© Couple
(@) Linearimpulse

Q26. PMDC

When arigid body satisfies the first condition of
equilibrium (F = 0),itis guaranteedtobein:
(&) Translational equilibrium

Rotational equilibrium

(©) Complete static equilibrium

@ Dynamic rotational equilibrium

Q27. PMDC

A force of magnitude 10 N acts at an angle of 30°
relative to the y-axis. What is the magnitude of its
rectangular x-component?

® 5.0N
8.66N
© 10.0N

® O0.ON

Q28. PMDC

The rectangular components of a vectorina 2D plane
are equal in magnitude if the angle 6 of the vector
relative to the x-axis is:

@ 30°

45°

© 60°

() 90°
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Q29. PMDC

If the position vector 7 of a point of application of
force and the force vector F are collinear (pointing in
the same direction), what is the resulting torque?

() Maximum

Minimum but non-zero

(© Zero

(©) Negative

Q30. PMDC

If arigid body is either at rest or rotating with a
constant angular velocity, the net external torque
acting on the system must be:

() Maximum

Negative

(© Zero

(D) Positive

Q31. PMDC

The area of a parallelogram formed by two vectors A
and B asits adjacent sides is equal to:

@ AB
ABcosf
(©) ABsind

(D) ABtan6

Q32. PMDC

The magnitude of the dot product of two vectorsiis
61/3 and the magnitude of their cross productis 6.
What is the angle between the two vectors?

® o

30°

(©) 45°

(@) 60°

Q33. PMDC

If the cross product of two non-zero vectors d and bis
directed along the z-axis, then both vectors G and b
mustliein the:

() yz-plane
zx-plane
(© xy-plane
(D) 3D space of any orientation
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Q34. PMDC

Givenvectors A = 2i + 3] — kand B = 4i + 2j — 2k,
find a vector z that is parallel to A but has a magnitude
equal to that of B.

@® (28 +3] — k)
\/%(4“23—21%)
© /52 +3] + k)
© \/i(i+25 k)

Q35. PMDC

A particle undergoes a displacement from position
vector7, = 3i + 2j — 6k to position vector 7, = 147 +
13 + 9%k under the action of a constant force F = 8; +
27 + 6k. Find the work done by the force.

® 50
®) 125

© 155)
®) 200

Q36. PMDC

Avector (such as the velocity of a body undergoing
uniform translational motion) that can be displaced
parallel to itself without altering its effect is known as
a:

(®) Unitvector

Position vector

(©) Freevector

(@) Nullvector

Q37. PMDC

Determine the unit vector that is parallel to the vector

B =6i + 12 — 4k.

® i+ Bi-%

G+t 8-
i
1
4

E

675, 103
© 15+~

95 12 % 7
© 10+ 137 — 1k

Q38. PMDC

Two position vectors E; and R, make angles of 30°
and 90° with the positive x-axis, respectively. If

|Ri| = 4 cmand |R,| = 3 cm, find the magnitude of their
vector product.

(®) 12+/3 cm?
6+4/3 cm?
(© 6v12 cm?
@ 3v/6 cm?
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Q39. PMDC

Find the work done in moving an object along a
straight line from position (3, 2, —1) to position

(2, —1,4) under aforce field givenby F = 4i — 3} + 2k.
@) 101

12)

© 15)
© 17/

Q40. PMDC

What is the vector projection of E = 2i — 3j + 6k onto
the direction of vector F = i + 2j + 2k?

@ 1/2
8/3
© 3/5
(@ 5/7

Q41. PMDC

Two vectors S and K have magnitudes of 4 and 6,
respectively. If their scalar productis S - B = 13.5, find
the angle between the two vectors.

® 22.99°
55.77°
(©) 77.81°
(@) 99.18°

Q42. PMDC

The resultant of two forces has a magnitude of 20 N. If
one of the forces has a magnitude of 20v/3 Nand
makes an angle of 30° with the resultant force, what is
the magnitude of the other force?

(A) 10v/3N
® 20N
© 20V3N

® 10N

Q43. PMDC

If A = B + C and the magnitudes of vectors 4, B, and
C are 5, 4, and 3 units respectively, whatis the angle
between vector 4 and vector C?

(A) cos1(3/5)

cos~1(4/5)

(©) sin"'(3/4)

® 90°
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Q44. PMDC

If the expression 0.8i + 0.5] + ck represents a unit
vector, find the value of the constantc.

® Vos6i
0.20
© Vo1
® 1.00

Q45. PMDC

Which of the following descriptions of travel by a car
over aone-hour periodresultsinidentical average
velocities?

(&) Car1l:Travels 20 km due East; Car 2: Travels 70 km due East

Carl: Travels 40 km East, turns around and travels 20 km
West; Car 2: Travels 20 km East

© Carl: Travels 70 km East; Car 2: Travels 40 km East, turns
around and travels 20 km West

() Carl:Travels 30 km West, turns around and travels 30 km
East; Car 2: Travels 20 km East

Q46. PMDC

A uniform 100 cm meterrod is balanced at its center
of gravity (the 50 cm mark). A downward force of 5N
is applied at the O cm mark. Where must a downward
force of 10 N be applied to keep the rod in balance?

CG(50cm) P(?)
|

A

10N

(A 80 cmmark
75 cmmark
(© 70 cmmark
(@) 65cmmark

Q47. PMDC

If the rectangular x-component of a vectoris v/3 and
itsy-componentis 1, what is the angle made by the
vector with the positive x-axis?

() 60°

30°

© 45°

(@) 90°
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Q48. PMDC

If two vectors A and B satisfy the equation |4 + B| =
|A — B|, what s the angle between them?

® 0

60°

© 90°

(©) 180°

Q49. PMDC
IfA+B="7i+7kand A — B = —i + k, whatis the
scalar magnitude of vector A?

® 3

5

©7

®) 10
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Q50. PMDC

A force coupleis formed by two equal and opposite
forces that do not share acommonline of action.
Which of the following statements about a force
coupleiscorrect?

(®) Its torque depends on the chosen coordinate origin.

It produces anon-zero net translational force.

@ Its net torque isindependent of the coordinate origin.
(@) Itcan cause translational acceleration of the bodly.
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Q# KEY BOARD

31

32
33
34
35
36
37
38
39
40

PMDC
PMDC

00

PMDC
PMDC
PMDC
PMDC
PMDC
PMDC

PMDC

000000600

PMDC

Q# KEY BOARD

4 G PMDC
42 e PMDC
43 o PMDC
44 e PMDC
45 G PMDC
46 e PMDC
47 G PMDC
48 e PMDC
49 G PMDC
50 @ PMDC

Scanthe booklet QR code to enter answersin
BeambePrep Grind Mode for automated error
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PROPOLIS COGNITIVE ERROR AUTOPSIES
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Step-by-step conceptual derivations, formula working, and distractor autopsies for every question.

Question #1 RGH(:)) PMDC

The minimum number of coplanar vectors of unequal magnitude
required to produce a zero resultant vectoris:

CORE CONCEPT AND DERIVATION

Vector addition and the conditions for a zero resultant vector.

Formula:

Solution:

e Asingle non-zero vector canneverhave azero resultant
because thereis no other force to cancelits magnitude.

e Twovectorscanonlyyield azeroresultantif they have
equal magnitudes and pointin exactly opposite
directions. If they are of unequal magnitude, they cannot
cancel each otherout.

e Three coplanarvectors of unequal magnitude can be
arranged such that they form a closed triangle when
joined head-to-tail, which makes their vector sum exactly
zero.

Why other options are incorrect:

e Aisincorrectbecause two unequal vectors will always
leave anon-zero net force in the direction of the larger
vector.

e CandDareincorrect because while 4 or 5 unequal
vectors can sum to zero, they do not represent the
minimum number required.

Question #2

If a vector [Formula] has components [Formula] and [Formula], in
which quadrant of the Cartesian coordinatess...

PMDC

CORE CONCEPT AND DERIVATION

Cartesian Coordinate Quadrants and the signs of rectangular
vectorcomponents.

Solution:
Let'slook at the algebraic signs of the given rectangular
components:

e Thex-componentis positive: 4, > 0(points to the right).
e They-componentisnegative: 4, < 0(points downwards).

Any point with a positive horizontal coordinate and a negative
vertical coordinate lies in the fourth quadrant (Quadrant 1V).

Why other options are incorrect:

e Quadrantlrequires both components to be positive (
Az > 0,4, > 0).

¢ Quadrantllrequires 4, < 0,4, > 0.

e Quadrantlllirequires both components to be negative (
A, <0,4,<0).

beambeprep.com Page 8 of 22

Question #3 REGH(S) PMDC

Two forces of magnitude 20 N and 50 N act simultaneously on a
body. Which of the following forces cannotbea...
CORE CONCEPT AND DERIVATION

The range of possible values for the resultant of two vectors.

Formula:
|Fi —F|<R<F+F

Solution:
Given Fi =50 Nand F» = 20 N:
e The minimum possible resultant magnitude occurs when
the two forces actin opposite directions (0 = 180°):
Min Resultant =50 N —20 N =30 N

e The maximum possible resultant magnitude occurs when
they actin the same direction (6 = 0°):

Max Resultant =50 N+ 20 N =70 N

The magnitude of the resultant force must fall within the range
[30 N, 70 NJ. Since 20 Nis less than 30 N, it cannot be a possible
resultant force.

Why other options are incorrect:

e 30 Nisthe minimum limit (opposite direction).
e 40 Niswithinthe validrange.
e 70 Nis the maximum limit (same direction).

Official Solved Edition
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Question #4 PMDC

The sum of the magnitudes of two forces acting at a pointis 16 N. If
the resultant force is 8 N and its direc...

CORE CONCEPT AND DERIVATION

Vector addition using right-triangle properties when the
resultantis perpendicular to one of the component forces.

Formula:
Fi+F,=16N

F!+R*=F;

Solution:

Let the smallerforce be Fi and the larger force be F». Thus, F» =
16 — Fi.

Since theresultant R = 8 Nis perpendicular to Fi, these vectors
formaright-angled triangle where F; is the hypotenuse:

F} +8 = (16 — F)’
F? + 64 = 256 — 32F, + F?
32F, = 256 — 64
32F =192 = F,=6N

Calculating the larger force:
F,=16—-6=10N

Why other options are incorrect:

e 8Nand8Nisincorrectbecauseif bothare 8 N, their sum
is16 N but they cannot form aright triangle with a
perpendicular resultant of 8 N.

e 4Nand12N,and2Nand14 N areincorrect because

these pairs do not satisfy the Pythagorean relation with a
third side of 8 N. For example, 4% + 8% = 80 # 122.
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Question #5 PMDC

Forwhich angle between two non-zero vectors [Formula] and
[Formula] is the relation [Formula] satisfied?

CORE CONCEPT AND DERIVATION

Equating the definitions of the scalar (dot) product and vector
(cross) product magnitudes.

Formula:

|A x B| = ABsiné

Solution:
Set the two magnitudes equal to each other:
ABcosf = ABsinf

Since the vectors are non-zero (A # 0, B # 0), we can divide
both sides by AB cos 6:

sin 6

cosf

=1 = tanf =1

6 = arctan(1) = 45°

Why other options are incorrect:
e 30°:sin(30°) = 0.5 while cos(30°) = é (they are not equal).
e 60°:sin(60°) = 32@ while cos(60°) = 0.5 (they are not equal).

e 90°: The dot productiszero, and the cross productis atits
maximum magnitude.

Question #6 PMDC

What is the scalar (dot) product of the orthogonal unit vectors
[Formula] and [Formula] ?

CORE CONCEPT AND DERIVATION

The scalar product of orthogonal vectors.

Formula:
A.B = ABcos6

Solution:
The unit vectors i and j lie along the positive x-axis and y-axis
respectively. The angle § between them is exactly 90°:

i-j=(1)(1)cos(90°) =1-0=0

Why other options are incorrect:

e Tland-lareincorrectbecause the dot product of any two
distinct, perpendicular unit vectors is always zero, not 1or
-1.

o kisincorrect because the scalar product yields a scalar,
not avector (whichis the result of the cross producti x 7).
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Question #7 PMDC

The direction of a vector product (cross product) is determined by
which of the following rules?

CORE CONCEPT AND DERIVATION

Finding the orientation of the cross-product vector.

Solution:

The directionof G = A x Bis perpendicular to the plane
containing vectors Aand B. This direction is uniquely
determined by the Right-hand rule: curl the fingers of yourright
hand from the first vector A4 to the second vector B through the
smaller angle; your extended thumb will pointin the direction of
the product vector C.

Why other options are incorrect:
e Aisincorrectbecause the head-to-tail ruleis used for
vector addition, not multiplication.

e CandDareincorrectbecause left-hand rules do not
define standard vector cross-product conventionsin
mathematics.

Question #8 B GHD)) PMDC

What is the cross product of the unit vectors [Formula] ?
CORE CONCEPT AND DERIVATION

Cyclic permutation of Cartesian unit vectors in cross products.

Solution:

For the orthogonal unit vectors, the cross product of any two
yields the third. The standard positive direction follows the
cyclicorder:i — j — k — i.

Therefore:

o
X

<o
Il

S

Why other options are incorrect:
e Aisincorrectbecause:and j are orthogonal, meaning
their cross product is at maximum magnitude (1), not zero.

e BandCareincorrectbecause theyrepresent the wrong
directions. Only a positive k points in the direction
determined by the right-handrule.

beambeprep.com
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Question #9 PMDC

Arigid body is in a state of complete equilibrium only if which of the
following conditions is satisfied?

CORE CONCEPT AND DERIVATION

The dual requirements for translational and rotational
equilibrium.

Formula:

Translational Equilibrium: SF=0

Rotational Equilibrium: X7 = 0

Solution:

Forabody to remainin complete equilibrium, it must not
undergo translational acceleration nor rotational acceleration.
This requires both the net external force and the net external
torque about any axis to be zero.

Why other options are incorrect:

e Aisincorrectbecause satisfying only the first condition
allows the body to undergo angular acceleration.

e Bisincorrectbecause satisfying only the second
condition allows the body to undergo linear translation.

e Disincorrectbecause the horizontal and vertical forces
being equal does not ensure they sumto zero.

Question #10 PMDC

The unit vector [Formula] in the direction of vector [Formula] is
mathematically defined as:

CORE CONCEPT AND DERIVATION

Mathematical definition of a unit vector.

Formula:

I
Il
s

Solution:

Aunit vectoris avector that has amagnitude of exactly 1and
pointsin the same direction as the original vector. It is obtained
by dividing the vector a by its scalar magnitude |d|.

Why other options are incorrect:
e Aisincorrectbecause |d|is ascalarmagnitude, nota
vector.
e Bisincorrectbecause the dot producta - @ yields a scalar
equalto|dl?.
e Cisincorrectbecause the cross product of any vector
withitself is always the null vector.
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Question #11 PMDC

Which mathematical condition must be satisfied to guarantee that
an objectis inrotational equilibrium?

CORE CONCEPT AND DERIVATION

The specific condition for rotational equilibrium.

Formula:

Solution:

Rotational equilibrium means that the angular acceleration of
the body is zero. According to Newton's second law for rotation
(27 = Ia), this stateis achieved if and only if the vector sum of
all external torques acting on the body is zero.

Why other options are incorrect:
e Bisincorrectbecauseit defines translational equilibrium,
not rotational.

e Cisincorrectbecause while it defines complete
equilibrium, the question specifically asks for the
condition of rotational equilibrium.

e Disincorrectbecause anon-zeronet force has no direct
bearing onrotational equilibriumunlessit creates a
torque.

Question #12 LGHD) PMDC
Two forces of 5 Nand 7 N act on a single point. Which of the
following force values cannot be theirresultant...

CORE CONCEPT AND DERIVATION

Vectorlimits using the triangle inequality theorem.

Formula:
|[Fi —F|<R<F +F

Solution:
Withindividual magnitudes of 5Nand 7 N:

e The minimum possible resultant magnitude (anti-parallel
configuration)is:
TN-5N=2N
e The maximum possible resultant magnitude (parallel
configuration)is:
TN+5N=12N
Any value smallerthan 2 N or larger than 12 N is physically
impossible. Therefore, aresultant of 1N cannot be formed.

Why other options are incorrect:

e 3N,7N,and11N all fall within the physically permissible
interval of 2 N, 12 NJ.

beambeprep.com
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Question #13 PMDC

If a force vectoris given by [Formula] and the displacement vectoris
[Formula], calculate the work done by ...

CORE CONCEPT AND DERIVATION

Work defined as the scalar (dot) product of force and
displacement.

Formula:
W =F.D=F,D,+F,D,+F.D,

Solution:
Substitute the components of the vectors into the formula:

W = (2)1) + (3)(=2) + (-4)(-5)
W =2-6+20
W =16J

Why other options are incorrect:

e A, B, andCresult from algebraic sign errors during
multiplication (e.g., writing (—4) x (-=5) = —200r
incorrectly adding/subtracting the components).
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Question #14 PMDC

The sum and the difference of two perpendicular vectors of the
same magnitude are always:

CORE CONCEPT AND DERIVATION

Geometric properties of vector addition and subtraction.

Formula:
Let the perpendicularvectors be P and Q with |P| = |Q| = aand
P-g=o0.

-

S

P+0Q

F-g

D

Solution:
Take the scalar product of the sum S and the difference D:

§.D-(P+Q)-(P-0)

5.D=P.P-P.G+Q-P-Q-Q

Since P- @ = 0(perpendicular)and P - P = |P?> = a®:
§S-D=a>-0+0-a’=0

Since theirdot product is zero, the sum vector and difference
vector are perpendicular to each other.

Why other options are incorrect:

e Aisincorrectbecause parallel vectors would require a
non-zero dot product equal to the product of their
magnitudes.

e CandDareincorrectbecause the dot productis exactly
zero, which uniquely corresponds to an angle of 90°.

Question #15 LGEH(9) PMDC

Anullvectoris defined as a vector that has:
CORE CONCEPT AND DERIVATION

The properties of the null (zero) vector.

Solution:

Anullvector (represented as 0) is a vector with a magnitude of
exactly zero. Because its lengthis zero, it does not point in any
specific direction, and its direction is mathematically defined as
arbitrary orundefined.

Why other options are incorrect:
e Aisincorrectbecause anull vector cannot have any
specified direction.

e BandDareincorrect because they assign non-zero
magnitudes (1and infinity) to the zero vector.
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Question #16 PMDC

The net external torque acting on arigid body determines its:

CORE CONCEPT AND DERIVATION
Newton's second law for rotational motion.

Formula:

N
Il
~
QL

Solution:

Just as net force determines the linear acceleration of amass (
F = ma), the net external torque 7 acting on a body determines
its angular acceleration a.

Why other options are incorrect:

e AandCareincorrect because linearaccelerationand
linear momentum are governed by translational forces,
not torques.

e Disincorrectbecause the moment of inertiais anintrinsic
geometric property of the mass distribution, independent
of the applied torque.

Question #17 LGHCY) PMDC

Which of the following physical quantities is a scalar quantity?
CORE CONCEPT AND DERIVATION

Classification of scalar and vector quantities.

Solution:
Poweris the rate at which workis done. It has only magnitude
and does not possess a direction, making it a scalar quantity.

Why other options are incorrect:
e Torqueis avector pointing perpendicular to the plane of
rotation.
¢ Momentumis avector pointingin the direction of the
velocity vector.

e Impulseisavectorrepresenting the change in momentum
(pointing in the direction of the net force).
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Question #18 PMDC

The magnitude of the resultant of two forces is at its minimum value
when the angle between themiis:

CORE CONCEPT AND DERIVATION

Law of cosines for vector addition and its extrema.

Formula:

R=/F?+ F? 1 2F F, cosf

Solution:
To minimize R, we need to minimize cos 6. The minimum value of
the cosine functionis —1, which occurs when:

0 = 180°

Inthis case:

R=\/F +F; —2FF, =+/(Fi - F,)? = |F, — F

This matches the scenario where the forces pointin opposite
directions.

Why other options are incorrect:

e 0°yields the maximum possible resultant (Fi + Fb).

e 90°yields \/FZ + FZ,whichis greater than the minimum
difference.

e 45°yields anintermediate value.

Question #19 PMDC

Which of the following pairs contains exactly one vector quantity
and one scalar quantity?

CORE CONCEPT AND DERIVATION

Identifying vectors and scalars within physical quantity pairings.

Solution:
Let's analyze each pair:

e Forceisavectorquantity (magnitude and direction),
whereas Kinetic Energy is a scalar quantity (only
magnitude). This satisfies the requirement of exactly one
vector and one scalar.

Why other options are incorrect:
e A:Displacement andacceleration are both vectors.
e C:Powerandspeedare bothscalars.
e D:Momentum andvelocity are both vectors.
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Question #20 PMDC

Which of the following objects has every point onits surface
equidistant from its center of gravity?

CORE CONCEPT AND DERIVATION

Uniform mass distribution, geometric centers, and centers of
gravity of regular shapes.

Solution:

Atable tennis ball is highly spherical and has a uniform mass
distribution. For a uniform sphere, the center of gravity
coincides withits geometric center. Because every point on the
surface of a sphere is equidistant fromits center, the table
tennis ball perfectly satisfies this property.

Why other options are incorrect:

e Aneggisellipsoidal, so surface points at the poles are
further from the center of gravity than points at the
equator.

e Acubic boxand a triangular prism have vertices and flat
faces, meaning corners are much further from the center
of gravity than the center of the faces.

Question #21 PMDC

A unit vectoris primarily used in physics to specify which of the
following properties?

CORE CONCEPT AND DERIVATION

The purpose of unit vectors.

Solution:

Unit vectors have a magnitude of exactly 1. Multiplying any
scalarvalue by a unit vector assigns a direction to that value
without changingits magnitude. Thus, they are used to
describe direction.

Why other options are incorrect:

e Bisincorrectbecause the magnitude of aunit vectoris
always fixed at 1, so it cannot describe the variable
magnitude of othervectors.

e CandD areincorrectbecause aunitvectoralone does
not specify position in space orreference angles.
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Question #22 PMDC

If the rectangular x-component [Formula] of a vector is positive and
its y-component [Formula] is negative, in...

CORE CONCEPT AND DERIVATION

Quadrant determination using component signs.
Solution:
The signs of the components determine the direction:

e R, > 0(pointsalong the positive x-axis, to the right)

e R, < 0(pointsalongthe negative y-axis, downwards)

Theright-down direction corresponds to the fourth quadrant.

Why other options are incorrect:

e First quadrant: Requires both components to be positive.

e Second quadrant: Requires negative x-component and
positive y-component.

e Third quadrant: Requires both components to be
negative.

Question #23 L GCH(G) PMDC

Torque is also commonly referred to in physics as the:
CORE CONCEPT AND DERIVATION

Scientific nomenclature forrotational force effects.

Solution:

Torque measures the tendency of a force to rotate an object
about an axis. In classical mechanics, this rotational effectis
also called the moment of force.

Why other options are incorrect:
¢ Momentarmis the perpendicular distance from the axis
of rotation to the line of action of the force.

e Moment of inertiais a measure of an object's resistance
torotational acceleration.

¢ Impulseis the product of force and the time interval over
whichit acts.

Question #24 RGHT.) PMDC

By standard sign convention, an anticlockwise (counterclockwise)
torque is considered:

CORE CONCEPT AND DERIVATION

Standard rotational sign conventions.

Solution:

By standard mathematical convention (the right-hand rule
applied to the coordinate plane), rotations and torquesin the
anticlockwise direction are defined as positive, whereas
clockwise rotations are defined as negative.

Why other options are incorrect:

¢ Negativeis the sign conventionreserved for clockwise
torques.

e ZeroandImaginary are incorrect because active torques
have non-zeroreal values.

beambeprep.com
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Question #25 PMDC

Two equal and opposite forces acting on a body along different
lines of action form a:

CORE CONCEPT AND DERIVATION

Definition and properties of a force couple.

Solution:

Acoupleis defined as two parallel forces that are equal in
magnitude, opposite in direction, and do not share acommon
line of action. A couple produces a pure torque with zero net
translational force.

Why other options are incorrect:

e Resultant vector: The net vector sum of these two forces
is actually zero, so they do not produce a net translational
force.

e Momentarm: Thisis a distance measurement, nota
system of forces.

e Linearimpulse: Thisis the changeinlinearmomentum,
whichis zero since the net force of a coupleis zero.

Question #26 EGH(.Y PMDC

When a rigid body satisfies the first condition of equilibrium (
[Formula]), itis guaranteedto bein:

CORE CONCEPT AND DERIVATION

The first condition of equilibrium and its physical consequence.

Solution:

The first condition of equilibrium states that the vector sum of all
forcesacting onabody must be zero (BF = 0). According to
Newton's second law (SF = ma), this ensures that the
translational acceleration of the body's center of massis zero.
Therefore, the body is in translational equilibrium.

Why other options are incorrect:
e Rotational equilibriumrequires the sum of all torques to
be zero (the second condition).

o Complete static equilibrium requires both translational
and rotational equilibrium to be satisfied, and the body
must be atrest.
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Question #27 PMDC

Aforce of magnitude 10 N acts at an angle of 30° relative to the y-
axis. What is the magnitude of itsrectang...

CORE CONCEPT AND DERIVATION

Resolving a vector using an angle defined relative to the vertical
(y-axis).

Formula:
F, = Fsin0,

Solution:
Whenthe angle § = 30° is measured relative to the y-axis, the
horizontal (x) component is associated with the sine of that
angle:

F, = F'sin(30°)

F,=10Nx05=50N

Why other options are incorrect:

e 8.66Nisthevertical (y) component, calculated using
10 cos(30°) = 10 x 0.866 = 8.66 N.

¢ 10.0Nis the total magnitude of the force.

Question #28 PMDC

The rectangular components of a vectorin a 2D plane are equal in
magnitude if the angle [Formula] of the vect...

CORE CONCEPT AND DERIVATION

Equality of rectangular components.

Formula:
A; = Acos@

A, = Asinf

Solution:
For the magnitudes to be equal (|4,| = [4,)):

Acosf = Asinf — tanf =1

Foranglesin the first quadrant, this yields:
6 =45°

Why other options are incorrect:

e 30°: The horizontal componentislarger (cos 30° ~ 0.866 >

sin 30° = 0.5).
e 60°: The vertical componentis larger (sin 60° ~ 0.866 >
cos 60° = 0.5).

e 90°: The horizontal componentis zero, and the vertical
componentis equal to the vector's full magnitude.
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Question #29 PMDC

If the position vector [Formula] of a point of application of force and
the force vector [Formula] are colline...

CORE CONCEPT AND DERIVATION

Calculating torque when the force is parallel to the
displacement vector.

Formula:
F=FxF = 7=rFsinf

Solution:
If the vectors pointin the same direction, the angle 6 between
themis 0°.

T =rFsin(0°) =7F(0) =0

Therefore, the torque is exactly zero.

Why other options are incorrect:

e Aisincorrect because the maximum torque occurs when
the forceis perpendicular to the position vector (§ = 90°).

e BandD areincorrectbecause the sine of 0° is zero,
making the torque zero.

Question #30 B CH(®) PMDC

If arigid body is either at rest or rotating with a constant angular
velocity, the net external torque acting...
CORE CONCEPT AND DERIVATION

Rotational equilibrium and its relation to torque.

Formula:

Toet = L0

Solution:
If abody is atrest orrotating with a constant angular velocity, its
angularacceleration ais zero:

a=

=&
Il
o

Substituting this into Newton's rotational second law yields:
Fnet = I(O) =0

Why other options are incorrect:

e A,B,andDareincorrect because any non-zero net
torque (whether positive, negative, or maximum) would
produce an angular acceleration, causing the angular
velocity to change overtime.
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Question #31 PMDC

The area of a parallelogram formed by two vectors [Formula] and
[Formula] as its adjacent sides is equal to:

CORE CONCEPT AND DERIVATION

Geometric interpretation of the magnitude of the vector cross
product.

Formula:
Area = \[f X B\ = ABsinf

Solution:
The base of the parallelogramis A. The height is the

perpendicular component of vector B, whichis givenby Bsin6.

Area = base x height = A(Bsinf) = ABsinf

Thisis exactly equal to the magnitude of the cross product of
the two vectors.

Why other options are incorrect:
e ABistheareaof arectangle with sides of length Aand B.
e AB-cos#@isthescalardot product of the two vectors.

e ABtanfdoesnotcorrespondto any standard geometric
areaforthese vectors.

Question #32 L GH(:)) PMDC
The magnitude of the dot product of two vectors is [Formula] and
the magnitude of their cross productis 6. Wh...

CORE CONCEPT AND DERIVATION

Finding the angle between vectors using the ratio of cross and
dot products.

Formula:
A-B=ABcos =63
|A x B| = ABsinf =6
Solution:
Divide the magnitude of the cross product by the dot product:
ABsin6 B 6
ABcos 643
tanf = —

1
0= arctan(—s) = 30°

V3

Why other options are incorrect:

e 0°:Thecross productwouldbe zero.

e 45°: The dot product and cross product would be equalin
magnitude.

e 60°: This would swap the two values, making the dot
product 6 and the cross product 6v/3.

beambeprep.com
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Question #33 PMDC

If the cross product of two non-zero vectors [Formula] and
[Formula] is directed along the z-axis, then both ...

CORE CONCEPT AND DERIVATION

The perpendicular nature of the vector cross product.

Formula:

Solution:

The vector cross product produces a vector thatis always
perpendicular to the plane containing the original vectors. If the
resulting vector points along the z-axis, then both @ and  must
be perpendicular to the z-axis. This means they must lie within
the flat plane perpendicular to the z-axis, which is the xy-plane.

Why other options are incorrect:

e yz-plane contains vectors whose cross products must
point along the x-axis.

e zx-plane contains vectors whose cross products must
point along the y-axis.

Question #34 PMDC

Given vectors [Formula] and [Formula], find a vector [Formula] that
is parallel to [Formula] but has a magnit...

CORE CONCEPT AND DERIVATION

Scaling a unit vector to construct a vector with a specific
direction and magnitude.

Formula:

Solution:
First, calculate the scalar magnitude of both vectors:

Bl=v® 1221 (2f=+16+414=24

A= V2134 (1 =vEr9+1=1d
Now substitute these valuesinto our equation for z:

i:\/ﬂﬁLﬂ%_k :\/§(2Q+3§'—1})
Simplify the radical fraction:

/24 [12 _ [12x7 /B4 221
14 Vo7 I

Therefore, the constructed vectoris:

24/21
7

7=

(21 +37 — k)

Why other options are incorrect:

e B, C,andDuseincorrect magnitude ratios orincorrect
vector components that do not point in the direction of 4.
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Question #35 PMDC

A particle undergoes a displacement from position vector
[Formula] to position vector [Formula] under the acti...

CORE CONCEPT AND DERIVATION

Work done calculated using the displacement vector and the
force vector.

Formula:

&y
Il

T2 — T1

Solution:
Step 1: Calculate the displacement vector d:

d=(14-3)i+(13—2)j+ (9 — (-6))k
d =117 + 117 + 15k

Step 2: Calculate the dot product with the force vector:
W =F.d=(8)(11) + (2)(11) + (6)(15)

W =88 +22+90

W =200J

Why other options are incorrect:

e A,B,andCareincorrectvalues that result from
mathematical errors when calculating the displacement
coordinates (e.g. evaluating9 — 6 = 3instead of 9 —
(—6) = 15).

Question #36 PMDC

Avector(such as the velocity of a body undergoing uniform
translational motion) that can be displaced parall...

CORE CONCEPT AND DERIVATION

Categorization of vectors based on localization.

Solution:

Afree vectoris a vector whose point of applicationis not
restricted to a specific pointin space. It can be translated
parallel toitself to any location without changing its physical
meaning or mathematical representation (such as velocity or
displacement).

Why other options are incorrect:
e Unitvectoris defined strictly by having a magnitude of
one.

e Positionvectoris tied to a specific point relative to a
chosen coordinate origin.

e Null vector has a magnitude of zero and no direction.
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Question #37 PMDC

Determine the unit vector that is parallel to the vector [Formula] .
CORE CONCEPT AND DERIVATION

Constructing a unit vector from a Cartesian component vector.

Formula:

o
Il
Ell ot

Solution:
Step 1: Calculate the scalar magnitude of the vector:

|B] = v/6% + 122 + (—4)?
|B| = /36 + 144 + 16 = V196 = 14

Step 2: Divide each component of the vector by this

magnitude:

6. 12, 4.
Be Dy s 2p
VAR VeV

Why other options are incorrect:

e A,C,andDareincorrect because theircomponents do
not match those of the original vector B.

Question #38 L GH()) PMDC
Two position vectors [Formula] and [Formula] make angles of 30°
and 90° with the positive x-axis, respectively...

CORE CONCEPT AND DERIVATION

Calculating the magnitude of a cross product using the angle
between two vectors.

Formula:
\R1 X éz\ = R1Rssin6

Solution:
First, determine the angle § between the two vectors:

0 =0, — 0, = 90° — 30° = 60°

Now substitute the magnitudes and the angle into the formula:
|Ry x Ry| = (4 cm)(3 cm) sin(60°)

5 B 3
|R1><R2\:12><§:6\/§cm2

Why other options are incorrect:

e Aisincorrectbecause it omits the factor of 1/2 fromthe
sine value (using Tinstead of sin 60°).

e CandD are mathematically incorrect results from
applying the wrong trigonometric functions or angles.
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Question #39 PMDC

Find the work done in moving an object along a straight line from
position [Formula] to position [Formula]und...

CORE CONCEPT AND DERIVATION

Calculating work done between two spatial coordinates.

Formula:

d= (s —21)i+ (2 — )] + (22 — 21)k

W=F.d

Solution:
Step 1: Calculate the displacement vectord:

d=(2-8)i+(-1-2)j+@—(-D)k
d=—i—-3j+5k

Step 2: Calculate the dot product:
W= (4)(=1) + (=3)(=3) + (2)(5)

W=-4+9+10
W =15J

Why other options are incorrect:

e A, B, andDresult from arithmetic mistakes such as writing
4 — (—1) = 3 orfailing to include the negative sign for the
first component.
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Question #40 PMDC

What is the vector projection of [Formula] onto the direction of
vector [Formula] ?

CORE CONCEPT AND DERIVATION

Finding the scalar projection of one vector onto another.

Formula:
Projection = —
|F|

Solution:
Step 1: Calculate the dot product E -
(6

E-F=(2)1)+(-3)2)+(6)(2)=2—-6+12=8

Step 2: Calculate the magnitude of the target vector F:

|Fl=v12+22+22=+0=3

Step 3: Evaluate the projection:

8
Projection = 3

Why other options are incorrect:

e A,C,andDareincorrect fractions that result from
arithmetic errors in the dot product or using the wrong
vector's magnitude in the denominator.

Question #41 PMDC

Two vectors [Formula] and [Formula] have magnitudes of 4 and 6,
respectively. If their scalar productis [Form...

CORE CONCEPT AND DERIVATION

Calculating the angle between vectors using the definition of
the dot product.

Formula:
§-R=SRcos 0= Eolt
= Ccos — cosbt = SR
Solution:
Substitute the givenvalues into the equation:
13.5 13.5
cosf = Ix6- 24 = 0.5625

0 = arccos(0.5625) ~ 55.77°

Why other options are incorrect:

e A,C,andDareincorrect angles thatresult from arithmetic
calculation errors, such as dividing by the sum of the
magnitudes (10) instead of their product (24).
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Question #42 PMDC

The resultant of two forces has a magnitude of 20 N. If one of the
forces has a magnitude of [Formula] and mak...
CORE CONCEPT AND DERIVATION

Solving fora component vector magnitude using the law of
cosines.

Formula:
B?= A2+ R?> - 2ARcos ¢

Solution:
Let theresultant force be R = 20 N and the known forcebe A =
20+/3 N. The angle between themis ¢ = 30°.
Using the law of cosines on the vector triangle:
B2 = (20v/3)% + (20)? — 2(20v/3)(20) cos(30°)

B? = (400 x 3) + 400 — 800\/5(?)

B? = 1200 + 400 — 1200

B?=400 = B=20N

Why other options are incorrect:

e A, C,andD are mathematicallyincorrect and do not
satisfy the law of cosines for this vector geometry.

Question #43 PMDC

If [Formula] and the magnitudes of vectors [Formula], [Formula],
and [Formula] are 5, 4, and 3 units respect...

CORE CONCEPT AND DERIVATION

Usingright-angled triangle properties to find the angle
between vector components.

Solution:
The magnitudes of the vectors (5, 4, and 3) satisfy the
Pythagorean theorem:

52=424+32 — 25=16+9

This means vectors B and C are perpendicular to each other,
and A forms the hypotenuse of aright-angled triangle.
The angle § between Al(the hypotenuse) and C (the adjacent
side)is given by:

Adjacent

. C 3
cosv = Hypotenuse A 5

6 = cos '(3/5)

Why other options are incorrect:
e Bisincorrect because it defines the angle between the
hypotenuse 4 and the vector B.

e CandD are mathematically incorrect and do not match
the geometric configuration of this right-angled triangle.

Page 19 of 22

TOPICAL PAST PAPER ARCHIVE

Question #44 PMDC

If the expression [Formula] represents a unit vector, find the value of
the constant [Formula].

CORE CONCEPT AND DERIVATION

The magnitude of a unit vectoris exactly equal to one.

Formula:

Valtyt4 22 =1

Solution:
Set the magnitude of the givenvectorto 1.

082+ (0521 =1

Square both sides of the equation:
0.64+0.25+c*=1

089+c*=1

?=1-0.89=0.11 = c=+0.11

Why other options are incorrect:
e Aisincorrectbecauseitequals 0.8, whichis the value of
the x-component.

e BandD are mathematically incorrect and do not satisfy
the unit magnitude condition.
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Question #45 PMDC

Which of the following descriptions of travel by a car over a one-
hour periodresults inidentical average vel...

CORE CONCEPT AND DERIVATION

Average velocity depends on the net displacement vector
rather than the total distance traveled.

Formula:
dnet

- —
Vavg =

Solution:

Let's define East as the positive x-direction and West as the
negative x-direction. Each trip occurs over a duration of t =

1 hour.

Let's calculate the net displacement for the journeys described
in Option B:

e Carl:Travels +40 km, then-20 km:
diers = 40 km — 20 km = 420 km (East)

Tavgl = e = 20 km/hr East
1hr

e Car2:Travels +20 km:
dnet2 = +20 km (East)

R 20 km

Vavg2 = = = 20 km/hr East
Both cars have the exact same net displacement vector over
the same time interval, so they have identical average
velocities.

Why other options are incorrect:

e A, C,andD contain pairs of journeys with unequal net
displacements (forexample, in D, CarThas a net
displacement of O km, whereas Car 2 has a net
displacement of 20 km).
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Question #46 PMDC

Auniform 100 cm meterrod s balanced at its center of gravity (the
50 cm mark). Adownward force of 5Nis a...

CORE CONCEPT AND DERIVATION

Using rotational equilibrium to balance torque about a pivot.

Formula:

Y7 =0 = Tclockwise = Tanticlockwise

Solution:
The pivotis at the 50 cmn mark. Let's calculate the moment arms:
e The5Nforceisatthe O cmmark. ltsmomentarmis:
di =50cm — 0 cm = 50 cm
e Thisforce produces an anticlockwise torque:
Tanticlockwise = D N X 50 cm = 250 N - cm

e The 10 Nforce must produce an equal clockwise torque of
250 N - cm on the opposite side of the pivot:

Tclockwise — 10N x d2 =250 N - cm

dy = 25 cm
Since the clockwise torque must be on the right side of the
pivot, the position of this forceis:

Position = 50 cm + 25 cm = 75 cm mark

Why other options are incorrect:

e A, C,andD donot satisfy the condition of rotational
equilibrium. If placed at these marks, the clockwise and
anticlockwise torques would be unbalanced, causing the
rod to tilt.
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Question #47 PMDC

If the rectangular x-component of a vectoris [Formula] and its y-
componentis 1, whatis the angle made by th...

CORE CONCEPT AND DERIVATION

Calculating vector direction fromits rectangular components.

Formula:

Solution:
Substitute the component values into the formula:

tanf = —

V3

1
0= arctan(ﬁ) =30°

Why other options are incorrect:
e 60°: This angle would swap the components, making the
x-component 1and the y-component v/3.
e 45°:Requires equal components(e.g.1and1).
e 90°: Requires the x-component to be zero.
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Question #48 PMDC

If two vectors [Formula] and [Formula] satisfy the equation
[Formula], what is the angle between them?

CORE CONCEPT AND DERIVATION

Relating vector sum and difference magnitudes to the angle
between the vectors.

Formula:
|A+ B> = A%+ B* + 2AB cosf

|A - B> = A%+ B>~ 2ABcosf

Solution:
Set the squared magnitudes equal to each other:
A? 4+ B>+ 24Bcos = A* + B> — 2ABcosf

Subtract A2 + B? from both sides:
2ABcosf = —2ABcosf

4ABcosf =0

Since the vectors are non-zero (A # 0, B # 0):
cosf =0 — 6 =90°

Why other options are incorrect:
e 0°:The sumisatamaximum magnitude (A + B),and the
differenceis at a minimum magnitude (4 — B).

e 180°: The sumis at a minimum magnitude, and the
differenceis at amaximum magnitude.

e 60°: The cosine of 60°is 0.5, which does not satisfy the
equality.
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Question #49 PMDC

If [Formula] and [Formula], what is the scalar magnitude of vector
[Formula] ?

CORE CONCEPT AND DERIVATION

Solving systems of vector equations.
Solution:
Step 1: Add the two vector equations together to eliminate B:
(A+B)+(A-B)=(Ti+7k)+ (=i + k)
24 = 67 + 8k

A=3i+4k

Step 2: Calculate the scalar magnitude of vector A:
|4l =/324+02+42=v9+16=+25=5

Why other options are incorrect:

e 3,7,and10 areincorrect magnitudes that result from
mathematical errors (such as using 3 + 4 = 7instead of the
square root of the sum of squares, or failing to divide by 2).
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Question #50 PMDC

Aforce coupleis formed by two equal and opposite forces that do
not share acommon line of action. Which of ...

CORE CONCEPT AND DERIVATION

Properties of aforce couple.

Solution:
A couple consists of two forces of equal magnitude pointingin
opposite directions (F} = —F3).
The net forceis exactly zero:
ﬁnet:ﬁ1+ﬁ2:0

Because the net forceis zero, the torque produced by a couple
is constant and has the same value about any pointin space,
making it completely independent of the choice of coordinate
origin.

Why other options are incorrect:

e Aisincorrectbecause the origin does not affect the
torque calculation fora couple.

e BandDareincorrectbecause the net force is zero, which
means thereis no translational acceleration.
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