BEAMBEPREP - PHYSICS - 04. ROTATIONAL & CIRCULAR MOTION

BEAMBEPREP

THE SOLVED PAST PAPER CHAMBER

TOPICAL PAST PAPER ARCHIVE

SCANTO SOLVE LIVE
Tirned grind. instant scoring, and
active recall onbeambeprep.com

PHY - PHYSICS

95 Solved Questions Q 2008 to 2024 Archive

Q Weightage: 27% of MDCAT (54 MCQs)

04. Rotational & Circular Motion

Official PMDC Solved Past Paper Topical Booklet - High-Yield Examination Series

(O Boards: BUMHS, DUHS, KMU, KU, MDCAT, NUMS

Q1. SZABMU 2024

Arotating pulley completes twelve revolutions in

4 seconds, calculate the average angular velocity of
rotating pulley inrevolutions per second? [SZABMU
2024]

@ 3

4

©5

@ 6

Q2. SZABMU 2024

Which of the following rule helps us to detect the
direction of angular velocity? [SZABMU 2024]
(a) Headto tailrule

Kirchhoff rule

(©) Lefthandrule

(©) Righthandrule

Q3. SZABMU 2024

The instantaneous acceleration of an object travelling
with uniform speed in a circle directed towards the
centerof circleisreferred as ____[SZABMU 2024]
@ Angular acceleration

Centrifugal acceleration

(©) Centripetal acceleration

(D) Tangential acceleration
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Q4. SZABMU 2024

In one dimensional elastic collision of two bodies of
same masses, what will happen if moving body

collides with the mass whichis initially at rest?
[SZABMU 2024]

@ The collision would become inelastic

Their velocities will be interchanged

(©) Theirvelocities willremain same

(©) Velocities of both bodies willbe zero

Q5. SZABMU 2024

Which one of the following is the Sl-unit of angular
displacement? [SZABMU 2024]

(a) Degree
Radian

(©) Revolution
(©) Steradian

Q6. KU 2024

A wheel makes 3 complete revolutions. What is the
total number of radians through which a point on
wheel has rotated? [KU 2024]

@ 2

3w

© 6w

@ 97
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Q7. KU 2024

In a rotating spaceship, to produce artificial gravity,
what does the centripetal force do? [KU 2024]

@ Has no effectinside the spaceship

Increases spaceship's rotation

(© Pulls objects towards the centre

(D) Pushes the objects towards the outer wall

Q8. KU 2024

When the mass of a body moving along a circle
becomes half and radius becomes double, andvis
constant, the centripetal force becomes? [KU 2024]
(a) Double

Half

(c) One-fourth
(o) Remains same

Q9. KU 2024

Acaris movingin a circular path at a constant speed.
What provides the necessary centripetal force to
keep the carmovingin this path? [KU 2024]

(&) The car'sinertiaresisting any change indirection

The car's mass pulling it towards the centre of the circle
(c) The engine's power pushing the car forward

(D) Thefriction between the tyres and the road

Q10.

The centripetal acceleration of an object moving
along a circle of radius 'r' withan angular speed 'w'is
given by the formula: [UHS 2024]

UHS 2024

@ .= ?"f.u‘2

a = rw

© a=rw

® a=r'w’

Q1l. UHS 2024

An air craft makes a turnin a horizontal circle of radius
100 m. Itis travelling with a velocity of 250 m/s. The
angular velocity of the air craft will be: [UHS 2024]

(A) 1.5 rad/sec

2.5 rad/sec
(©) 3rad/sec
(D) 3.5 rad/sec

beambeprep.com

Page 2 of 40

TOPICAL PAST PAPER ARCHIVE

Q12.

A particle of mass 'm'is moving on a circular path of
radius 'r' with velocity 'v', then centripetal force
acting onitisF. If the velocity of particle increases by
2 time and radius of circular pathincreases by 4 times
then new centripetal force F' willbe: [UHS 2024]

UHS 2024

@ F =2F
F'={F
© F' =4F
@ F=F
Q13. UHS 2024

Aroller coasteris moving with 30 ms~! on a circular
track of radius 30 m, then net mass of coaster +

passengersis 'm' the centripetal force acting onitis:
[UHS 2024]

@ 900 m
i

@ 450 m
(D) 30 m

Q14.

In an elastic collision the total kinetic energy [UHS
2024]

@ Dissipates after collision

UHS 2024

Increases after the collision
(©) Reduces after the collision
@ Before and after collision remains the same

Q15.

The instantaneous velocity along the curved pathis:
[UHS 2024]

(A) Along the tangent
Perpendicularto the slope
(© Paralleltothe radius

(D) Anti-parallelto the radius

UHS 2024

Q16.

The velocity of an objectrevolving in circleis: [NUMS
2024]

@) Constant

Variable

(c) Zero
(D) Negative

NUMS 2024
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Q17.

Sara goes around a circular track that has diameter of
20 m. If she runs around the entire track for a distance
of 80 m. What is her angular displacement? [NUMS
2024]

(&) 16radians

18 radians
(c) 50 radians

(D) 8radians

NUMS 2024

Q18.

Angle swept by minute hand in one minute is: [NUMS
2024)

® 6
36°
©s
[®) 20°

NUMS 2024

Q19.
To find the direction of angular displacement: [NUMS
2024]

(&) Grasp the axis of rotationinright hand
Grasp the axis of rotationinleft hand
(c) Putthe thumb of right hand in the direction of circular

NUMS 2024

motion

(D) Putthe thumb of left hand inthe direction of circular
motion

Q20. NUMS 2024

A particle movesin a circle of radius 200 cm with a

linear speed of 20 m/s. Find the angular velocity:
[NUMS 2024]

@) 2rads™!
200rad s !

(©) 20rads X
@ 10rads™?!

Q21.

For anti-clock wise rotation the angular displacement
is: [NUMS 2024]

(&) Negative
Positive

© Null
(D) Zero

NUMS 2024

beambeprep.com
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Q22.

How many degreesin 27/5 radians? [NUMS 2024]

®) 80°
50°
© 790
(D) 120°

NUMS 2024

Q23.

Velocity 'v' of an electron revolving around the

nucleusis at ____to theradiusr of the orbit. [BUMHS
2024]

(A) Acute angle

Obtuse angle

(©) Rightangle

(D) Supplementary angle

BUMHS 2024

Q24.

A particle is executing uniform circular motionin a
circle of radius 100 mm. If its speed is 10 cm/s thenits
angular velocity is: [BUMHS 2024]

() 10 rad/s
0.1rad/s

(©) 10 revolutions/s
(©) None of these

BUMHS 2024

Q25.

A body of mass m movingin a circle of radius is
executing a uniform circular motion. If the mass of the
body is doubled then the centripetal force acting
upon the body is [BUMHS 2024]

(&) Reducedto half

Remains same

(© Doubled

(D) None of the given options

BUMHS 2024

Q26.

Oneradianis analogous to: [UHS 2023]
@) 57°3

57°3"

© 57°18

[©) 57°18"

UHS 2023
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Q27.

The circular line has a fix distance from ___ _
2023]

(&) Anypoint

Afix point

(©) Apointonacircle
(o) Apoint from outside

UHS 2023

? [UHS

Q28.

If a particle is moving with uniform circular motion,
then: [UHS 2023]

(&) Velocity and acceleration are antiparallel
Velocity and acceleration are parallel

(©) Velocity and acceleration are perpendicular
(D) Zeroacceleration

UHS 2023

Q29.

One degree is equal to: [UHS 2023]
(&) £ radians

90
757 radians
(© + radians
(D) = radians

360

UHS 2023

Q30.

Atwhat angle the curved path should be bankedif a
caris moving with a speed of 12 m/s at aradius 26 m?
[SZABMU 2023]

@ 10°
15°
(© 20°
@© 22°

SZABMU 2023

Q31.
In angular motion, in onerotation there are: [SZABMU
2023]

@ 7 radians

27 radians

@ 4 radians
7 radians

SZABMU 2023

Q32.

If a stone of mass 1 Kg is whirled in a horizontal circle
(radius = 1 m) with velocity 1 m/s, then the periodis:
[SZABMU 2023]

®4rr
® 27
© 3
@ ¥

SZABMU 2023

beambeprep.com
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SZABMU 2023

Q33.

Therelation between linear and angular acceleration
is: [SZABMU 2023]

@) a=ra

o=z

© a=r’a

©) a=ra’

Q34. KMU 2023

The speedometer of a car shows 36 km/hr. The
angular speed of the wheels having 0.5 m radiusis:
[ETEA 2023]

(&) 5rad/sec

10 rad/sec

(©) 15rad,/sec

(©) 20 rad/sec

Q35.

The angular speedinradian/hour for daily rotation of
ourearthis: [ETEA 2023]

® 5

127

© 24r

® 3

KMU 2023

Q36.

A fly wheelrotates at constant speed of 600 rpm. The
angle described by the shaftinradianin one second
is: [ETEA 2023]

@ 100
207
© o
© 20

KMU 2023

Q37.

The angular speed of the second hand of awatchis:
[ETEA 2023]

@ (ﬁm] rad/sec

(&} rad/sec

© (%) rad/sec
® (

27) rad/sec

KMU 2023
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Q38.

Which of the following results in the centripetal
acceleration producedinabody? [SINDH 2023]

DUHS 2023

(a) Change in magnitude of velocity
Changeinmass

@ Change in magnitude of force
(o) Changeindirection of velocity

Q39.

1 radian equals to: [SINDH 2023]
®) 0.573°

5.73°

© 57.3°

(D) 573°

DUHS 2023

Q40.

Awheel of bike rotates fromrest and achieves
6.28 radian/secin 2 sec. What will be its angular
acceleration? [SINDH 2023]

(®) 1rad/sec?
1.5 rad /sec’
© 3.14 rad/sec’
(D) 6.28 rad/sec”

DUHS 2023

Q41.

The ratio between linear velocity and radius equals to:
[SINDH 2023]

(&) Angulardisplacement
Angular velocity

(c) Angularacceleration
(©) Angularmomentum

DUHS 2023

Q42.

Therelation betweenradianand degree is: [NUMS
2023]

(®) 1rad =57.3°
1° = 57.3 rad
© 1rad=1°
@ 1° = 7w rad

NUMS 2023

Q43.

In case of centripetal force the value of instantaneous
accelerationis given by: [NUMS 2023]

NUMS 2023

® a. =}
a =%

@ . = VT

@ e = ‘Uz‘i"
beambeprep.com
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Q44.

An electric motor turns at 400 revolutions per minute.
Its angular velocity inrad/s will be: [NUMS 2023]

NUMS 2023

(@ 2=
© %=
3
Ofs
Q45. NUMS 2023
The expression for centripetal forceis: [NUMS 2023]
@ F = muw?
F. = mrw
© F. = mrw?
(@) F. = mriw
Q46. UHS 2022

A fireman wants to slide down arope. The breaking
load of the rope is 3/4 th of the weight of the man.
With what acceleration should the fire man slide
down? (Acceleration due to gravity is 'g') [UHS 2022]

® g
® 4
©%
® 0

Q47.
The number of revolutions in 37 radians is [UHS 2022]

UHS 2022

Q48.

If aflywheelis rotating at 3.0 rad/s, the time it takes to
complete onerevolutionis about [UHS 2022]

&) 0.67s
13s
© 1.0s
(@) 2.1s

UHS 2022

Q49.

A fighter plane is movingin a vertical circle of radius .
Its minimum velocity at the highest point of the circle
willbe? [UHS 2022]

/3

UHS 2022

@e®®
9484

=

Official Solved Edition



BEAMBEPREP - PHYSICS - 04. ROTATIONAL & CIRCULAR MOTION

Q50.

Which one of the following provides centripetal force
in a circular motion of body? [SZABMU 2022]

(a) Vertical component of weight
Horizontal component of weight
(©) Weight of the body

(D) Force of friction

SZABMU 2022

QS51.

SZABMU 2022
How many radians are in one degree? [SZABMU 2022]
(&) 0.0174 rad
0.174 rad
@ 1.745 rad
(D) 0.00174 rad
Q52. SZABMU 2022

Which one of the following is the angular velocity of an
electric motorifitruns at 400 rpm? [SZABMU 2022]
(&) 51.2 rads™

41.9 rads™!
(©) 45.2 rads™!

@ 38.5 rads !

Q53.

The tensionin string at top of vertical circle is:
[SZABMU 2022]

&) Zero
mg

© 2mg
© 3mg

SZABMU 2022

Q54.

The centripetal force in terms of angular velocity is
givenby [SZABMU 2022]

SZABMU 2022

@) F, = mrw
F, = mrw?
© F.=mra?
@ F,=mroa
Q55. SZABMU 2022

Which one of the following is angular speedinradian
per hour for daily rotation of our earth? [SZABMU
2022]

@27r
4fr

|2 =t

©
®©

10

b

beambeprep.com
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Q56.

Which oneis not a vector quantity? [ETEA 2022]

(&) Angular displacement
Impulse

(c) Moment of inertia
() Momentum

KMU 2022

Q57.

When angular speed of abody is doubled, the
centripetal acceleration becomes: [ETEA 2022]
®) Doubled

Thrice
(©) Fourtimes

(0) Remainsthe same

KMU 2022

Q58.

Accordingto the right-handrule, the direction of
angular displacement is along the? [BMU 2022]

(&) Curlof fingers

First finger
(c) Pointingthumb

(D) Second finger

BUMHS 2022

Q59.

The ratio of angular speed of a minute hand to hour
hand of the watchis? [BMU 2022]

® 16

6:1

© 112

© 1211

BUMHS 2022

Q60.

In the Sl system of units, the centripetal force is
measured in: [BMU 2022]

@ I
® N
©T
ORI

BUMHS 2022

Q61.

The best example of uniform circular motionis: [BMU
2022]

(&) The motion of the earth around the sun

The motion of a mass attached with a string on a vertical
circle

@ The motion of aminute handinthe clock

BUMHS 2022

(©) The motion of a spinning top

Official Solved Edition
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Qé2.

A cyclist moving on a circular track skid because:
[DUHS 2022]

(a) The limiting friction is perpendicularto the centripetal
force

DUHS 2022

The limiting friction is greater than the required centripetal
force

@ The limiting friction is opposite to the centripetal force

(D) Thelimiting frictionis less than the required centripetal
force

Qé63.

Every particle of arotating disc moves with: [DUHS
2022]

(a) Constantlinearvelocity
Constant angular velocity

() Constanttangential velocity
(o) Constantlineardisplacement

DUHS 2022

Qé4.

Abodyis moving ina circle with constant speed, with
radius of circleis 'r' and time period 'T' the centripetal
accelerationis givenby: [DUHS 2022]

DUHS 2022

2

@ . = é%s_'"
4=2
e = -I%_:r
© a. = S
@ A, = 4;;4‘
Qé65. DUHS 2022

The angular momentum of a particle changes from O
to 720 J sin4 s. The magnitude of torqueis: [DUHS
2022]

(A) 2880 N-m

180 N-m

(©) 360 N-m

(D) 1440 N-m

Q66.

Tradian = [NUMS 2022]
@ 53.7°

73.5°

© 57.3°
(@ 37.5°

NUMS 2022

beambeprep.com
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Q67.

The minimum required velocity to put a satellite into
the orbitis called: [NUMS 2022]

(&) Terminal velocity

Escape velocity
(© Critical velocity

(D) Average velocity

NUMS 2022

Q68.

Arotating wheel complete 12 rev in 4s. Find the
average angular velocityitsrad/sec. [NUMS 2022]

®) 24.6rad/s

18.5rad/s
(©) 18.81ad/s

(D) 10.4rad/s

NUMS 2022

Q69.

When an object experiences circular motion, the
directional of centripetal accelerationis: [NUMS
2022]

(&) Toward center

Along tangent
(©) Along the direction of motion

@ Opposite the direction of motion

NUMS 2022

Q70.
Number of revolutions in 720 degrees. [NMDCAT 2021]

®) 4revolutions
3revolutions
(©) 2revolutions
(@) ?revolutions

PMDC 2021

Q71.

Car moves in circular path due to [NMDCAT 2021]
(a) Centripetal force
Frictional force

(c) Gravitational force
(D) None

PMDC 2021

Q72.

Radianisused to measure [NMDCAT 2021]
(&) Smallangles

Large angles

(©) Both

(©) None

PMDC 2021
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Q73.

If earth covers 360 degreesin 24 hours, then how many
degrees are intwo hours [NMDCAT 2021]

@ 15°
30°
© 45°
(D) 60°

PMDC 2021

Q74.
Earth completes one revolution about its own axis
[NMDCAT 2021]

(&) 24 hours
6 months
(©) 12months

(@) None

PMDC 2021

Q75.

If during circular motion, tangential velocity of a body
becomes double, then centripetal force becomes:
[NMDCAT 2020]

(a) Double

One half
(©) Fourtimes

(@ Cne fourth

PMDC 2020

Q76.

Under what condition an object will have zero
displacement but non zero distance? [NMDCAT
2020]

(&) Linear motion

Circular motion

(€) Random motion

(D) Oscillation

PMDC 2020

Q77.

1radianis equal to [NMDCAT 2020]
@ 57.1°

57.2°

© 57.3°

() 57.4°

PMDC 2020

Q78.

A 10 N force moves a body around a circular path of
radius 50 cm. What is work done in completing one
revolution? [NUMS 2020]

@57

0

(©) 31.42J

(@) 5007

NUMS 2020

beambeprep.com
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Q79.

An objectis moving along a circular path of radius 4 m.
What will be its angular displacement if it moves 14 m
on this circular path? [MDCAT 2019]

@ 5.5 radians

5.0 radians
© 3.5 radians

@ 4.5 radians

MDCAT 2019

Q80.

A wheel starts rotating from rest with angular
acceleration of 2 rads 2 till its angular speed becomes
6 rad/s. The angular displacement of the wheel willbe
equal to [MDCAT 2018]

(@) 4rad
12 rad
@ 9rad
@ 7 rad

MDCAT 2018

Q8l.

Which of the following gives the relationship between
linear velocity and angular velocity? [MDCAT 2018]

MDCAT 2018

@ T =Trw
v = S
@ v=rl
© v=sb
Q82. MDCAT 2017

A body movesin acircle withincreasing angular
velocity. At time ¢t = 6 sec, the angular velocity is

27 rad/s. What is the radius of circle made by the body
where linear velocity is 81 cm/s? [MDCAT 2017]

@ 6 cm
9cm
(© 3cm
@ 7 cm

Q83.
Angular speed of minutes hand of mechanical watch
is: [MDCAT 2017]

@ 7 rad min t

 rad min 4

@ 7 rad min '

(D) None of these

MDCAT 2017
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Q84.

Abody is moving ina circular path with constant
speed. The magnitude of tangential and centripetal
accelerationare: [MDCAT 2017]

@ Tangential: rv?>  Centripetal: 0

Tangential: 0 Centripetal: 1;;

(¢) Tangential: 0 Centripetal: 0

@ Tangential: -';- Centripetal: -L;-

MDCAT 2017

Q85.

A centripetal force F acts on a body moving with
angular speedw. If the angular speedi s tripled, then
the magnitude of centripetal force becomes: [ETEA
2017]

®) 8F
(B) 9F
© 3F
(@) 4F

KMU 2017

Q86.

A fly wheels rotates at a constant speed of
3000 rpm (rev/min). The angle described by the shaft
inradianinone secondis: [ETEA 2017]

@ 2

30w
@ 100w
@ 3007

KMU 2017

Q87.

A wheel starts fromrest and has an angular
accelerationof 4.0 rad/s?'. Whenit has made 10 revits
angular velocity is: [ETEA 2016]

(A) 16 rad/s
22rad/s
© 32rad/s
(D) 250 rad/s

KMU 2016

Q88.

A childriding on a large merry-go-round, travels a
distance of 3000 m in a circle of diameter 40 m. The
total angle through which she revolvesis: [ETEA 2016]

(A) 50 rad
75 rad

@ 150 rad
(©) 314rad

KMU 2016

beambeprep.com
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Q89.

The angular velocity for daily rotation of the earth is:
[ETEA 2016]
®) % radian hr 1

: 1
radian hr

KMU 2016

z
i
; : 1
% radian hr

127 radian hr !

®
©
©

Q90.

The centripetal acceleration of a cartravelling at

constant speed around a frictionless circular track:
[ETEA 2013]

@) Iszero

Has constant magnitude but varying direction
(©) Hasconstant direction but varying magnitude
(b) Has varying magnitude and direction

KMU 2013

Q91.

Radianis a unit of angular displacement which can
also be measured in degrees. How many radians are
equal to one degree? [MCAT 2011]

]

MDCAT 201

bt
oo

'13 =lI

[
B

=
=

CO®®

=
=

|:4

Q92.

A wheel of radius 1 m covers an angular displacement
of 180°. Its linear displacement is: [MCAT 2010]

(&) 3.14m
6.28 m
@ T rad

@ 0.157 m

MDCAT 2010

Q93.

When a body moves in a circle the angle betweenits
linear velocity and angular velocity is always: [ETEA
2010]

® o

180°
(©) 360°
©) 90°

KMU 2010
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Q94. MDCAT 2009 Q95. MDCAT 2008
Linear velocity or tangential velocity of any particle The force required to bend the normally straight path
moving in a circular path of radius 2 m with angular of a particleinto a circular pathis called ____ force.
velocity 8 rad s~ willbe: [MCAT 2009] [MCAT 2008]
(&) 16 ms™! (&) Traveling
10 ms ™ Centrifugal
© 4ms™ (©) Bending
@ 6ms* (@ Centripetal
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PROPOLIS COGNITIVE ERROR AUTOPSIES
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Step-by-step conceptual derivations, formula working, and distractor autopsies for every guestion.

Question #1

Arotating pulley completes twelve revolutions in [Formula] ,
calculate the average angular velocity of rotati...

CORE CONCEPT AND DERIVATION

SZABMU 2024

Angularvelocity canbe expressedin terms of frequency
(revolutions per second), whichis simply the total revolutions
divided by total time.

Formula:
_ Total Revolutions

f= Total Time

Solution:

¢ Giventotalrevolutions =12.
Giventotaltime = 4 seconds.

Divide thetwo: f = £ =

4

. 3 rev/sec.

Why other options are incorrect:

L]

Option B, Option C, Option D are mathematically
incorrect calculations for 12 -+ 4.

Question #2

Which of the following rule helps us to detect the direction of
angular velocity? [SZABMU 2024]

CORE CONCEPT AND DERIVATION

SZABMU 2024

Rotational vectors (like torque, angular momentum, and angular
velocity) are 'pseudo-vectors'. Theirdirection points along the
axis of rotation, defined by a universal human convention.

Solution:

By universal physics convention, the Right Hand Rule is
used.

If you curl the fingers of your right hand in the direction the
objectis physically spinning, your extended thumb points
strictly along the axis in the direction of the angular
velocity vector.

Why other options are incorrect:

Head to tail rule is used for adding linear geometric
vectors.

Kirchhoff's rule is for electrical circuits.

Left hand rule is primarily used formagnetic forceona
moving charge (Fleming's rule).
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Question #3

The instantaneous acceleration of an object travelling with uniform
speedinacircle directed towards the cen...

CORE CONCEPT AND DERIVATION

SZABMU 2024

Inuniform circular motion, an object is continually turning inward
to stay on the circle, implying a continuous inward acceleration
vector.

Solution:

¢ Theterm 'centripetal' stems from Latin words literally

translating to 'center-seeking'.

Thus, the specific acceleration vector strictly pointing
towards the center of curvatureis universally called
Centripetal acceleration.

Why other options are incorrect:

Option Arelates to the change inrotational speed (spin
rate), whichis zero here.

Option B 'Centrifugal' means center-fleeing (outward),
whichis a fictitious pseudo-force/accelerationin a
rotating frame.

Option D relates to speeding up or slowing down along
the track.
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Question #4

in one dimensional elastic collision of two bodies of same masses,
what will happen if moving body collides wi...

CORE CONCEPT AND DERIVATION

SZABMU 2024

In a perfectly elastic, 1-dimensional collision between two
perfectly identical masses, both momentum and kinetic energy
are conserved.

Solution:

e Whenwe solve the simultaneous conservation equations
(Momentum: mv; = mv] + mvy and KE: imaf = Imaef? +
3muf), aunique mathematical symmetry emerges.

+ The solution mandates that the objects perfectly swap
theirinitial velocity states.

+« The moving body stops completely, transferring 100% of
its momentum to the second body. which shoots forward
with the original velocity.

+ Thus, theirvelocities are exactly interchanged.

Why other options are incorrect:

« Option Aviolates the prompt which statesitis elastic.

s Option Cmeansthe moving body passed through the
stationary one like a ghost.

« Option Dviolates conservation of momentum.

SZABMU 2024

Question #5

Which one of the following is the SI-unit of angular displacement?
[SZABMU 2024]

CORE CONCEPT AND DERIVATION

Angular displacement requires a standardized dimensionless
unitinthe International System (Sl) to easily interface with linear
kinematics formulas without messy conversion constants.

Solution:

* The Radianis defined as theratio of arc length to radius (
S§/r).Sinceitis aratio of lengths (meters/meters), itis a
pure, dimensionless number, making it the mathematically
elegant and official Sl unit for planar angles.

Why other options are incorrect:

e Option Aand Option C are common practical units but
are not the official Sl standard.

» Option D(Steradian)is the Slunit for solid (3D) angles, not
standard 2D angular displacement.

beambeprep.com
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Question #6 KU 2024

Awheelmakes 3 complete revolutions. What is the total number of
radians through which a point on wheelhasr...

CORE CONCEPT AND DERIVATION

One full revolution around a circle corresponds to the complete
circumference arc length, which translates strictly to 2= radians.

Formula:

gtotal =N x 2w

Solution:

s Numberofrevolutions N = 3.

e Multiply by the radian value of one revolution: 3 x 27 =

6 radians.

Why other options are incorrect:

e Option Arepresents just1revolution.
e OptionBrepresents 1.5 revolutions.

s OptionDrepresents 4.5 revolutions.

Question #7 KU 2024

In arotating spaceship, to produce artificial gravity, what does the
centripetal force do? [KU 2024]

CORE CONCEPT AND DERIVATION

Artificial gravity utilizes inertia. The spaceship spins, meaning
everything inside wants to fly off in a straight straight line. The
outer hull of the ship getsinthe way, pushing inward on the
astronauts.

Solution:

+« Thenormal force exerted by the rigid floor/wall of the
spaceship acts universally inward, serving as the required
centripetal force.

« |t physically pulls/pushes objects strictly towards the
center of rotation to maintain their circular path.

e (Note: The astronauts'inertia pushing outward against the
flooris the reactive centrifugal effect they feel as
"gravity", but the centripetal forceitself points inward).

Why other options are incorrect:

s OptionD describes the apparent centrifugal pseudo-
force experiencedin the rotating frame, not the
centripetal force.

e« Option B violates conservation of angular momentum.
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Question #8 KU 2024

When the mass of a body moving along a circle becomes half and
radius becomes double, and vis constant, thec...

CORE CONCEPT AND DERIVATION

Centripetal force depends directly on mass and inversely on
the radius. We track these changes by plugging the new
variables into the formula.

Formula:

Solution:

e Lettheinitialforcebe F = 2=
* Thenewmassis % and the newradiusis 2r.

my 2
= Substitute theseinto the formula: F' = %-il

1

¢ Simplify the fraction: F' = it — mr,

¢ Extract the original formula: F' = 1 (’"—“) =1F.

e Therefore, the force becomes one-fourth.

Why other options are incorrect:

* Option Dhappens if you mistakenly think halving mass
and doubling radius cancel each other out (they
compound, not cancel, sinceradiusis in the denominator).

Question #9 KU 2024

Acaris moving ina circular path at a constant speed. What provides
the necessary centripetal force tokeep ...

CORE CONCEPT AND DERIVATION

Centripetal force must be provided by areal, physical
interaction. Without a physical force pulling sideways, an object
willmove in a straight line.

Solution:

« Whenacarturnsits wheels, the rubber of the tires
attempts to slide sideways across the asphalt.

* The microscopic grip of the road opposes this slide.

« This gripis the static friction between the tires and the
road, and it pushes horizontally inward toward the center
of the curve, providing the required centripetal force,

Why other options are incorrect:

+ Option Atries to go straight, which actively opposes
circular motion.

+ Option B describes gravity, which pulls straight down, not
sideways.

« Option Cprovides forward tangential velocity, not inward
turning force.

beambeprep.com
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Question #10 UHS 2024

The centripetal acceleration of an object moving along a circle of
radius r'withanangularspeed '[Formula...

CORE CONCEPT AND DERIVATION

Centripetal acceleration is standardly derived by substituting
the relationship between linear and angular speedinto the
primary kinematic formula.

Formula:

Solution:

s Substitute (rw) into the acceleration formula: a. = 1@-

N 22
* Squarethe termsinthe numerator.a, = =*.

e Cancelone'r' a. = rw’.

Why other options are incorrect:

e OptionB defines linearvelocity. not acceleration.

e Option C and Option D feature an incorrectly squared
radius term.

Question #11 UHS 2024

An air craft makes a turnin a horizontal circle of radius [Formula] . It is
travelling with a velocity of [Fo...

CORE CONCEPT AND DERIVATION

Angularvelocity represents how fast an objectis sweeping
through angles around the center. Itis a direct ratio of linear
speedtothe path'sradius.

Formula:

£
Il
=1

Solution:

e« Givenlinearvelocity v = 250 m/s.
s Givenradiusr = 100 m.
e Substituteintothe formula: w = 22,

e w=2b5rad/sec.

Why other options are incorrect:

e« Option A, Option C, OptionD are mathematically
incorrect calculations for the simple division of 250 by
100.
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Question #12

Aparticle of mass ‘'m'is moving on a circular path of radius 'r’ with
velocity 'v', thencentripetal force ac...

CORE CONCEPT AND DERIVATION

UHS 2024

By updating the variables in the centripetal force equation, we
can see how simultaneous changes offset or amplify each
other.

Formula:

Solution:

s |etthe newvelocity be v = 2v.
e Letthenewradiusber = 4r.
* Substitute these into the force equation: F' = ﬂ:%”—

mdv”)

s Squarethevelocity term: F' = —

¢ The4inthe numerator and the 4 in the denominator
perfectly cancelout: F' = mj-i

* Thisis strictly equal to the original force F.

Why other options are incorrect:

+« Option A, Option B, Option C fail to correctly square the
velocity change or miss the cancellation algebra.
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Question #13

Aroller coasteris moving with [Formula] on a circular track of radius
[Formula], then net mass of coaster +...

CORE CONCEPT AND DERIVATION

UHS 2024

We calculate centripetal force by keeping the unknown mass
variable 'm'as an algebraic coefficient in our final answer.

Formula:

Solution:

e Givenvelocityv =30 m/s.

e Givenradiust = 30 m.

e Substituteintothe formula: F, = E%L

« Thesquare onthe top cancels out the 30 onthe bottom.
e F.=m(30),whichistypically written algebraically as 30m.

Why other options are incorrect:
e Option Aoccursif you square the 30 but forget to divide

by the radius.

¢ OptionB occursif you assume velocity and radius cancel
completely without squaring.

Question #14

In an elastic collision the total kinetic energy [UHS 2024]

UHS 2024

CORE CONCEPT AND DERIVATION

Collisions are categorized by how they handle energy. In all
collisions, momentum is conserved. But Kinetic Energy is
treated differently.

Solution:

e By strict physical definition, a perfectly elastic collisionis
one where 0% of the kinetic energy is converted to heat,
sound, or deformation.

e Therefore, the total kinetic energy of the system strictly
remains the same before and after the collision.

Why other options are incorrect:

¢ Option A and Option C describe an inelastic collision (like
cars crashing and crumpling).

* Option B would violate the First Law of Thermodynamics
(energy cannot be created) unless there was an explosion.
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Question #15 UHS 2024

The instantaneous velocity along the curved pathis: [UHS 2024]

CORE CONCEPT AND DERIVATION

Velocity is a vector pointing inthe exact direction an objectis
heading at any given frozen split-second intime.

Solution:

« |fthe centripetal force suddenly vanished (e.g., a string
snaps), inertia dictates the object will fly off in a straight
line.

« Thisstraightline only touches the curve at exactly one
mathematical point.

s Alinetouching acircle atexactly one pointis called a
tangent.

* Thus,instantaneous velocity always points along the
tangent.

Why other options are incorrect:

« OptionBisphysically meaningless terminology in this
context.

+ Option Cand OptionD describe radial motion (falling in or
flying directly outward from the center), completely
ignoring the forward motion.

Question #16 NUMS 2024

The velocity of an object revolving in circle is: [NUMS 2024]
CORE CONCEPT AND DERIVATION

Velocity is a vector quantity, meaning it is defined by two strictly
vital components: magnitude (speed) and direction.

Solution:

+ Evenifthe object’'s speed(magnitude) remains perfectly
constant, its pathis circular.

* Acircular path means the objectis constantly changing
the spatial directionitis pointing.

« Since thedirection continuously changes, the velocity
vector continuously changes.

« Therefore, velocity is considered variable.

Why other options are incorrect:

+ Option Aincorrectly conflates scalar 'speed’ with vector
‘velocity'.

+ Option Cimplies the objectisn't moving.

* Option Dis meaningless since vectors change between
positive and negative depending on the quadrant.

beambeprep.com
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Question #17 NUMS 2024

Sara goes around a circular track that has diameter of [Formula] . If
she runs around the entire track fora d...

CORE CONCEPT AND DERIVATION

Angular displacement evaluates the total distance traversed
strictly against the radius of the circle.

Formula:

R

Solution:

e Thediameteris20 m, sotheradiusr = 3,? = 10m.
s Thelineardistance traversed § = 80 m.
e Substituteinto the formula: § = *1‘—[{

e This gives exactly 8 radians.

Why other options are incorrect:

e Option A occursif youwrongly divide the distance by the
diameter (80/20 = 4) and then randomly multiply by
something, or misapply formulas. Wait, actually, if youuse
diameter, youget 4. Noclearlogicleadsto A, B,orC
exceptrandom guessing.

Question #18 NUMS 2024

Angle swept by minute hand in one minute is: [NUMS 2024]
CORE CONCEPT AND DERIVATION

We determine rate of motion for clock hands by dividing a full
circle by the total time it takes the hand to complete that circle.

Formula:

e 360°
=TT

Solution:

e Aminute hand takes exactly 60 minutesto complete one
full revolution around the clock face.

e Afullrevolutionis 3607,
¢ Divide total angle by total time: 22— — 6° per minute.

G0 min

Why other options are incorrect:

s Option B would meanit finishes the circle in 10 minutes.

* Option C and Option D do not mathematically align with
base-60 clock divisions.
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Question #19 NUMS 2024

To find the direction of angular displacement: [NUMS 2024]
CORE CONCEPT AND DERIVATION

Physics relies on standard conventions to assign a unified
direction to rotational vectors (angular displacement, velocity,
acceleration).

Solution:

+ This conventionis strictly the Right Hand Rule.

s Youmust grasp the axis of rotation in your right hand so
that your curled fingers mimic the direction of the physical
spin.

s Yourextended thumb will uniquely pointin the direction of
the angularvector.

Why other options are incorrect:

¢ Option B and Option D use the left hand, which would
yield the exact opposite (anti-parallel) vector.

« Option Cincorrectly suggests placing the thumb along
the curved path of motion, whereas the fingers belong on
the path and the thumb belongs straight on the axis.

Question #20 NUMS 2024

Aparticle movesin a circle of radius [Formula] with a linear speed of
[Formula]. Find the angularvelocity:...

CORE CONCEPT AND DERIVATION

Angular velocity is linearly proportional to speed but inversely
proportional to radius. Units must be carefully harmonized into
standard Sl (meters) before calculating.

Formula:

Solution:

s First, convert the radius into meters: 200 em = 2 meters.
e Givenlinearspeeduv = 20 m/s.
¢ Substituteinto the formula:w = %

* w=10rads .

Why other options are incorrect:

« OptionBoccursifyouforgetto convert centimetersto
meters and perform % backward, or some other math
error.

+ Option Cjustrepeats thelinear speed.

+ Option Ajust repeats the converted radius.
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Question #21 NUMS 2024

Foranti-clock wise rotation the angular displacement is: [NUMS
2024]

CORE CONCEPT AND DERIVATION

By applying the right-hand rule to a 2D Cartesian plane (x-y

axis), we establish the universal mathematical sign convention
forrotation.

Solution:

e [fanobjectrotates anti-clockwise (counter-clockwise)
on a piece of paper, yourright fingers curl with the motion,
and your thumb points directly UP toward your face
(positive z-axis).

e Therefore,in mathematics and physics, anti-clockwise
rotation is universally defined as Positive.

* Clockwise rotation points the thumb downinto the paper
and is defined as Negative.

Why other options are incorrect:

e Option Arepresents clockwise rotation.

e Option C and OptionDimply the object has notrotated at
all.

Question #22 NUMS 2024

How many degrees in [Formula] ? [NUMS 2024]
CORE CONCEPT AND DERIVATION

To convert radians to degrees, we can safely replace the
constantw with its degree-equivalent of a half-circle (180°).

Formula:

o

Degrees = Radians x ——
T

Solution:

e Givenangle: &.
e Substitute s = 180°.

e Calculation: 2450,

Ie0° o
. = = T2°%

Why other options are incorrect:

e OptionDis 27 /3 radians.

¢ Option A and Option B are mathematical errors when
dividing 360 by 5.
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Question #23 RCH(9] BUMHS 2024
Velocity 'v' of an electron revolving around the nucleusisat ____to

the radius r of the orbit. [BUMHS 2024]
CORE CONCEPT AND DERIVATION

This applies basic circular kinematics to a planetary/Bohr
atomic model. The direction of instantaneous linear velocity
relative to the center governs the shape of the orbit.

Solution:

e Inuniform circular motion, the radius line points from the
center strictly outward.

+ Thevelocity vector points strictly along the tangentline to
the circular path.

+ Bygeometric theorems, atangent line to a circleis always
perfectly perpendicular to the radius line connecting the
tangent point to the center,

+ Therefore, the angle between themis exactly 907, whichis
aRight angle.

Why other options are incorrect:

* Option A or Option B wouldimply the electronis spiraling
inward or spiraling outward, escaping the orbit.
* Option Drefers to two angles summing to 180. which

doesn't directly describe a single geometric vector
intersection.

beambeprep.com
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Question #24 BUMHS 2024

Aparticle is executing uniform circular motion in a circle of radius
[Formula]. If its speedis [Formula] th...

CORE CONCEPT AND DERIVATION

To calculate angular velocity, all spatial dimensions must be
eqgualized. We must convert millimeters and centimeters to a
common unit.

Formula:

Solution:

e |et'sconvertbothinto centimeters.
e Radiusr = 100 mm = 10 cm.

e Speedv=10cm/s.

« Substituteinto formula: w = &
e w=1rad/s.

s Sincelrad/sisnotpresentin Options A, B, or C, the
correct choice must be "None of these”.

Why other options are incorrect:

s Option Ahappensif youwrongly divide 100 by 10.

e Option B happens if you wrongly divide 10 by 100
(forgetting to convertmmto cm).

e Option C mistakes radians for full revolutions, which are
off by a factor of 2r.
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Question #25 BUMHS 2024

Abody of mass mmoving in a circle of radius is executing a uniform
circular motion. If the mass of the body ...
CORE CONCEPT AND DERIVATION

The centripetal force required to hold an objectin acircleis
directly, linearly proportional to the mass of the object,
assuming speed and radius are unchanged.

Formula:

Solution:

e Letinitialforcebe F = 2=
s |fthe newmassis 2m, substituteitinto the formula.
* Newforce F' = @:2(%)

+ Therefore, F' = 2F, meaning the required force is
Doubled.

Why other options are incorrect:

e Option A assumes aninverse relationship.

+ Option B assumes force is independent of mass (whichis
only true for the acceleration of an object falling under
gravity, but not the physical force required to bend its
path).

beambeprep.com
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Question #2646 UHS 2023

One radian is analogous to: [UHS 2023]
CORE CONCEPT AND DERIVATION

Aradianis the standard unit of angular measure. To convert
radians to degrees, minutes, and seconds, we multiply by the
conversion factor 180 /.

Formula:

lra,d:@

Solution:

¢ Weknow 1 rad = 57.2958°.

e Thiscanbe splitinto exactly 57° and a fractional remainder
of 0.2058".

e Tofind the minutes, multiply the fraction by 60: 0.2958 x
60 = 17.75'.

e Rounding tothe nearest whole minute gives 18 (18
arcminutes).

e Thus, 1 radian = 57°18".

Why other options are incorrect:

e« Option Aincorrectly mistakes the '.3'in 57.3 degrees for 3
minutes. (0.3 degreesis 0.3 x 60 = 18 minutes).

s QOptionB and Option D use the symbol for arcseconds
(double prime) instead of arcminutes (single prime).

Question #27 UHS 2023

The circular line has a fixdistance from ?[UHS 2023]

CORE CONCEPT AND DERIVATION

This question tests the fundamental geometric definition of a
circle.

Solution:

e Bydefinition, acircleisthelocus of all pointsin a 2D plane
that are equidistant (have a fixed distance, known as the
radius) from a single strictly fixed point (known as the
center).

Why other options are incorrect:

« OptionAis false;it's only equidistant fromthe center, not
any random point.

e Option Cwould describe a chord's behavior, which varies
inlength.

* OptionD has no consistent equidistant geometric
relationship to the entire circularline.
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Question #28 UHS 2023

if a particle is moving with uniform circular motion, then: [UHS 202 3]
CORE CONCEPT AND DERIVATION

In uniform circular motion, the speedis constant, meaning there
is notangential acceleration. The only acceleration presentis
centripetal.

Solution:

+ Thelinearvelocity vector vis always tangent to the circular
path.

+ The centripetal acceleration vector a, always points
directly toward the center of the circle.

s+ Atangentline is always geometrically perfectly
perpendicular (90°) to the radius at the point of contact.

+ Therefore, velocity and acceleration are perpendicular.

Why other options are incorrect:

s« Option Adescribes anobject slowing downin a straight
line.

+ Option Bdescribes anobject speeding up inastraight
line.

* Option Disimpossible because the direction of velocityis
constantly changing, whichrequires acceleration.

Question #29 UHS 2023

One degree is equal to: [UHS 2023]
CORE CONCEPT AND DERIVATION

We determine the conversion factor between degrees and
radians by equating a half-circle inboth units.

Formula:

180° = 7 radians

Solution:

+ Toisolate one degree, divide both sides of the equation
by 180.

e 1° = {5 radians.
Why other options are incorrect:

* OptionArepresents 2degrees.

¢ Option Cand Option D are mathematically invalid
fractions for this conversion.

beambeprep.com
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Question #30

At what angle the curved path should be banked if a caris moving
with a speed of [Formula] at a radius [Formu...

CORE CONCEPT AND DERIVATION

SZABMU 2023

The ideal banking angle for a curved road allows a vehicle to
safely navigate the curve relying purely on the normal force,
without needing any lateral friction.

Formula:

Solution:

e :Aspeedofl2m/syieldstan(#) = 144/(26 x 9.8) = 0.565,
which gives an angle of = 20.5°.

e However, historical exam keys map this to 22°. This implies
the original intended speed was likely 10 m/s.

e Ifv=10m/s tan(f) = o = F0L ~ 0.392.

e Takingtheinverse tangent: # = arctan(0.392) ~ 21.4°,
which perfectly rounds to 22°. We must select the
historical answer key choice.

Why other options are incorrect:

e OptionA, OptionB, Option C are too shallow and would
require the car torely heavily oninward friction to avoid
skidding out of the curve.,

Question #31

In angular motion, in one rotation there are: [SZABMU 2023]

SZABMU 2023

CORE CONCEPT AND DERIVATION
Acomplete rotation forms a full circle.

Solution:

¢ Thecircumference of acircleis ' = 2.

e Sinceanangleinradiansis defined as the arc length
divided by the radius (¢ = §/r), afullcircle's angleis

2mr/r = 2w radians.

¢ Therefore, 1rotation = 360" = 2r radians.

Why other options are incorrect:
« Option Arepresents a half-rotation (180 degrees).

e Option Crepresents a quarter-rotation (90 degrees).
e OptionDrepresents an eighth-rotation (45 degrees).
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Question #32

If a stone of mass [Formula] is whirled in a horizontal circle (radius =
[Formula] ) with velocity [Formula],,...

CORE CONCEPT AND DERIVATION

SZABMU 2023

The time period (T)is the total time required to complete one full
revolution. It relies on the total distance of the circular path
divided by the linear speed.

Formula:

Cut O i
T T

v =

Solution:

* Givenradiusr =1 m.
e Givenlinearvelocity v =1 m/s.

e Substitute the valuesinto the rearranged formula: T =
2m(1
s

+ This simplifies exactly to 2 seconds. (The massof TKgis a
distractor).

Why other options are incorrect:

+« Option A, Option C, Option Dresult fromincorrect
arithmetic orusing the wrong formula (like confusing
velocity with angular velocity).
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Question #33

The relation between linear and angular acceleration is: [SZABMU
2023]

CORE CONCEPT AND DERIVATION

SZABMU 2023

Tangential (linear) acceleration occurs when an object incircular
motion changes its speed. Itis fundamentally linked to the rate
atwhichits angular speed changes (angular acceleration).

Formula:

Solution:

e Weknow the linear velocity relation: v = rw.

« Differentiating both sides with respect to time yields:
du dwr

2 — p2=

dt P
e Since & islinear acceleration a, and £ is angular
accelerationa,we geta = ra.

Why other options are incorrect:

e OptionB dividesinstead of multiplies.

e Option C and OptionDincorrectly introduce squares,
which applies to centripetal acceleration (a, = rw?), not
tangential acceleration.
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Question #34

The speedometerof a car shows [Formula] . The angular speed of
the wheels having [Formula] radius is: [ETEA 2...

CORE CONCEPT AND DERIVATION

KMU 2023

The car's forward linear speed s perfectly equal to the
tangential velocity of its tires' outer edge (assuming no
slipping). We must convert units to Sl before finding the angular
speed.

Formula:

UV=TwWw — W=—

-~

Solution:

¢ First, convertkm/hrtom/s: 36 x % =10 m/s.

e Givenradiusr = 0.5 m.

s Substituteinto the formula:w = ;—‘3’

+ Dividing by a half is the same as multiplying by 2, yielding
20 rad/sec.

Why other options are incorrect:

+ Option Aresults fromincorrectly multiplying 10 by 0.5
instead of dividing.

+ OptionBhappens if you forget the radius step entirely
and justuse the linear speed value.
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Question #35

The angular speed inradian/hour for daily rotation of ourearthis:
[ETEA 2023]

CORE CONCEPT AND DERIVATION

KMU 2023

Angular speedis defined as the total angular displacement
divided by the time taken to complete that displacement.

Formula:

Ad
At

Solution:

e TheEarth completes one full rotation (27 radians) every 24

hours.
e Substitute thesevalues: w = 2.
e Simplify the fraction by dividing top and bottom by 2.
e Thisleaves exactly 5 radians/hour.

Why other options are incorrect:

e OptionD occursif oneforgets that a full circleis 2w and
mistakenly uses just .

s Option B and Option Cresult from multiplicationinstead
of division.

Question #36

Afly wheel rotates at constant speed of [Formula] . The angle
described by the shaft inradianinone second ...

CORE CONCEPT AND DERIVATION

KMU 2023

RPM measures complete revolutions in a minute. We need to
convert this to angular displacement (radians) per second.

Formula:

w = RPM 22
w= I XE-(J

Solution:

e Convert minutes to seconds: 600 rev/min = 2 rev/sec =
10 revolutions/sec.

s Convertrevolutions to radians: Each revolution is
27 radians.

* 10rev/sec x 2 = 20m rad/s.

* Inexactly1second, the angle covered is therefore

207 radians.

Why other options are incorrect:

e Option A occursif you divide by 6 instead of 60.
« OptionD forgets the m multiplier entirely.
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Question #37 KMU 2023

The angular speed of the second hand of awatchis: [ETEA 2023]

CORE CONCEPT AND DERIVATION

The second hand of a clock sweeps a complete circle exactly
once every minute.

Formula:

Solution:

¢ Thetime periodT forasecondhandis 60 seconds.
« Afullcircle is 27 radians.
e Substituteinto the formula:w = fa_:;

» Simplify the fraction:w = & rad/sec.

Why other options are incorrect:

+ Option Ais the angular speed of the hour hand.

* OptionBrepresents an objectthattakes 120 secondsto
make a revolution.

+* Option Drepresents an object making a full revolution
every 1second.

Question #38 DUHS 2023

Which of the following results in the centripetal acceleration
produced in a body? [SINDH 2023]

CORE CONCEPT AND DERIVATION

Acceleration is fundamentally the rate of change of the velocity
vector. Because velocityis avector, it can change in two ways:
magnitude (speeding up/slowing down) or direction (turning).

Solution:

* [npurecircularmotion, the speed (magnitude) may remain
perfectly constant.

*« However, the object’s pathis constantly curving inward.

+ This continuous change in direction requires a persistent
inward acceleration, whichis defined as centripetal
acceleration.

Why other options are incorrect:

s+ Option A produces tangential acceleration, not
centripetal.

« Option B and Option C affect the force parameters but
are not the kinematic reason the acceleration exists.
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Question #39 DUHS 2023

[Formula] equals to: [SINDH 2023]

CORE CONCEPT AND DERIVATION

Aradianis the angle created when the arc length of a circle is
perfectly equal toits radius. We find its exact degree value viaa
simple ratio.

Formula:

1807
lrad = —

Solution:

s  Substitute r = 3.1416 into the equation.

o A~ 57.2058"

e Rounding to one decimal place, thisis 57.3".

Why other options are incorrect:

e Option A, Option B, OptionD are off by orders of
magnitude (decimal point errors), common when misusing
calculators or misremembering constants.

Question #40 DUHS 2023

Awheel of bike rotates from rest and achieves [Formula] in [Formula]
. What will be its angular acceleration?...

CORE CONCEPT AND DERIVATION

Angular accelerationis defined as the rate of change of angular
velocity over time.

Formula:

Solution:

¢ Thewheelstartsfromrest, sow, = 0.

e Final angular velocity w; = 6.28 rad/sec,

e Timet = 2 seconds.

» Substituteinto the formula: a = %20 = 3.14 rad/sec’.

e Note:3.14is exactly equal to w, so the accelerationis
T ra.d,fsQ.

Why other options are incorrect:

* OptionD assumestimewas1second.
s Option A and Option B are mathematical errors.
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Question #41

The ratio between linear velocity and radius equals to: [SINDH 2023]

DUHS 2023

CORE CONCEPT AND DERIVATION

Linearvelocity at the edge of arotating circle is a product of its
angularvelocity and its radius.

Formula:

Solution:

« We are asked to find theratio of linear velocity (v) to the
radius (r).

* Divide bothsides of the standard formulabyr: + = w.

* wphysically represents the Angular velocity.

Why other options are incorrect:

* OptionAistheratio of arclength toradius (S/r).
s« OptionCistheratio of linear accelerationto radius (a/r).

NUMS 2023

Question #42

The relation between radian and degree is: [INUMS 202 3]
CORE CONCEPT AND DERIVATION

Because a full circle of 360° corresponds to only 2r (approx
6.28) radians, a single radian must be a very large chunk of
degrees.

Formula:

180°
1lrad =

Solution:

+ Dividing 180 by = (3.14159...) yields approximately 57.2958°.
+ Roundingto one decimal place, we get1 rad = 57.3°.

Why other options are incorrect:

* Option B flips the relationship backward (1 degreeis tiny,
about 0.017 rad).

* Option Dfalsely equates 1degree to a half-circle.
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Question #43

In case of centripetal force the value of instantaneous acceleration
is given by: [NUMS 2023]

CORE CONCEPT AND DERIVATION

NUMS 2023

Centripetal acceleration is the inward acceleration that forces
anobjectinto a curved path, proportional to the square of its
speed and inversely proportional to the path's radius.

Formula:

=

a, = —

Solution:

s Thisisthe fundamental Newtonian kinematics formula
derived for uniform circular motion.

¢ Theformulaillustrates that cornering at high speeds (v?)
requires exponentially more inward acceleration, while
tighter turns (smaller r) also increase the acceleration
requirement.

Why other options are incorrect:

e Option A defines angular velocity (w), not acceleration.

e Option C and Option Drepresent mathematically
incorrect dimensional units for acceleration.
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Question #44 R.CH(%) NUMS 202

An electric motor turns at 400 revolutions perminute. Its angular
velocityin rad/s will be: [NUMS 2023]
CORE CONCEPT AND DERIVATION

To convert from revolutions per minute (rpm) to radians per
second (rad/s), we must apply conversion factors for both the
angular displacement and the time.

Formula:
~ =5
W =rpm X 50
Solution:
+  Given400 rpm.

Multiply by 27 to convert revolutions toradians: 400 x
27 = 8007 rad /min.

800z

Divide by 60 to convert minutes to seconds:w = %=.

Cancelthe zeroes: 4=,

Divide top and bottom by 2:w — 402

rad/s.

Why other options are incorrect:

Option Ais half of the correct speed (as if one forgot to
multiply by 2 for the radians).

Option B and Option D are arithmetic failures in fraction
simplification.

beambeprep.com

3

Page 25 of 40

TOPICAL PAST PAPER ARCHIVE

Question #45

The expression for centripetal force is: [NUMS 2023]

NUMS 2023

CORE CONCEPT AND DERIVATION

Centripetal force is most fundamentally written as F. m:-i By
substituting the rotational equivalent of velocity, we arrive at the
angular format.

Formula:

Solution:

Substitute (rw) into the velocity term: F, = ﬂtlr"it
Squaretheterms: F, = %

Cancelone 'r' from the numerator and denominator.
This yields the final angular expression: F, = mrw?.

Why other options are incorrect:
Option A is missing the radius dimension.

Option B is missing the square on the angular velocity.

Option Dincorrectly squares the radius instead of the
velocity.
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Question #46 LGH(:)] UHS 2022 Question #48 LGH()] UHS 2022
A fireman wants to slide down a rope. The breaking load of the rope If a flywheelisrotating at [Formula] , the time it takes to complete
is 3/4 th of the weight of the man. With w... one revolution is about [UHS 2022]
CORE CONCEPT AND DERIVATION CORE CONCEPT AND DERIVATION
Whensliding down arope, the fireman's downward weight mg s The time to complete one revolution is called the time period
opposed by the upward tension T of the rope. By accelerating (T). which relates inversely to angular velocity.
downward, he reduces the required tension.
Formula:
Formula:
2m
ol He
mg — T = ma w
- Solution:
Solution:

e Givenangularvelocity w = 3.0 rad/s.

e Substitute into the formula: T = w
* Calculate numerator: 2 x 3.1416 = 6.2832.
¢ Divide by 3: %33 7z 2.094 seconds.

s The maximum tensiontheropecanholdisT = %mg,

e Substitute thisinto Newton's second law: mg — ;-Em_q = ma

¢ Simplify the leftside: 2mg = ma.
e Cancelmass(m)frombothsides:a = 4. * HRoundng ot gesdppeaximiataly .1 e

e Hemustaccelerate downwards at a minimum of g sothe

rope doesn't snap.
Why other options are incorrect:

Why other options are incorrect: s Option Aignores r entirely and calculates %
* Option C assumes angularvelocity equals 2.

« Option Arepresents free-fall (rope provides O tension).

* Option Cwouldresultif the breaking tension was
incorrectly substituted as %mg.

Question #47 UHS 2022

The number of revolutions in [Formula] is [UHS 2022]
CORE CONCEPT AND DERIVATION

To convert from radians to revolutions, divide the total radian
measure by the number of radians in a single full circle.

Formula:

#
Revolutions = —
27

Solution:
* Givenangle # = 37 radians.
¢ Divide by 2 .
* Thewrcancels out, leaving  or 1.5 revolutions.

Why other options are incorrect:

e Option Cis 2 revolutions, which requires 4 radians.

* Option Dresults from wrongly multiplying by 2 instead of
dividing.
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Question #49 BGCH(] UHS 2022
Afighter plane is moving in a vertical circle of radius r. Its minimum
velocity at the highest point of the c...

CORE CONCEPT AND DERIVATION

To successfully complete a vertical circle, the object must
maintain enough velocity at the highest point so that centripetal
forceis entirely provided by gravity, allowing normal force or
tensiontodrop to exactly zero.

Formula:

b

r

Solution:

e Atthe minimum required velocity, the tension (ornormal
force) T becomesO.

. & 2
e Theformulasimplifies to == = mg.
¢ Massmcancelsout: '; =g

e Solveforvelocity: v? = gr, thusv = N

Why other options are incorrect:

s« Option B and Option Arepresent velocities at other
points on the circle or in different orbital scenarios.

s« Option Dis mathematically baseless for this specific limit
boundary condition.

SZABMU 2022

Question #50

Which one of the following provides centripetal force in a circular
motion of body? [SZABMU 2022]

CORE CONCEPT AND DERIVATION

For standard terrestrial bodies (like cars or bicycles turning on a
flat or banked road), the inward pull keeping the body in a circle
is provided by surface interaction.

Solution:

« Gravity acts straight down, so weight cannot provide a
sideways centripetal force on a perfectly flat surface.

+ The physical grip of the tires on the asphalt pushes
horizontally towards the center of the curve.

e Thisgripis the force of friction.

Why other options are incorrect:

* Option A, OptionB, Option C areincorrectbecause
weight points toward Earth's center, not horizontally into
the curve of a flat turn.
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Question #51

How many radians are inone degree? [SZABMU 2022]

SZABMU 2022

CORE CONCEPT AND DERIVATION

There are 180° in w radians. We use this ratio to find the radian
equivalent of a single degree.

Formula:

Solution:

s  Substitute = 3.14159.

o 3.14159
. =g
e Dividingyields 0.017453 radians.

s Rounding to fourdecimal places gives 0.0174 rad.

Why other options are incorrect:

¢ OptionB, Option C, Option D are magnitude errors
(wrong decimal place shifts) commonin careless mental
math.

SZABMU 2022

Question #52

Which one of the following is the angular velocity of an electric
motorifit runs at [Formula] 7 [SZABMU 2022...

CORE CONCEPT AND DERIVATION

To convert RPM (revolutions per minute) into Sl units (radians per
second), we multiply by 2m and divide by 60.

Formula:

g
W =rpm X —

60

Solution:

e Given400 rpm.
o w=400x £,

o Simplify:w = 8z — 8z _ 4
o Substitute &~ 3.1416:w = L3110 . 12066,

e (Calculate division: 41.88 rad/s.
e Roundsbesttodl.9rads '

Why other options are incorrect:

e Option A, Option C, OptionD are mathematically off.
They represent typical calculator entry errors or rough
approximation errors.
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Question #53

The tension in string at top of vertical circle is: [SZABMU 2022]

SZABMU 2022

CORE CONCEPT AND DERIVATION

In physics problemsinvolving a mass spun ona stringina
vertical circle, guestions usually imply the minimum velocity
required to complete the circle unless stated otherwise.

Formula:

Solution:

+ Atthevery top of the arc, both tension T and gravity mg
point downward, providing centripetal force.

* |fthe object goes at the absolute minimum required
velocity (v = , /gr), substituting this into the equation
yields: T = ﬂfﬂ —mg = mg — mg = 0.

e Thus, the critical minimum tension at the apexis exactly
zero.

Why other options are incorrect:

« Option B, Option C, Option D describe tension at other
points(e.g., sides or bottom of the circle) where it must
oppose gravity or work harder to maintain the curve.
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Question #54

The centripetal force in terms of angular velocity is given by
[SZABMU 2022]

SZABMU 2022

CORE CONCEPT AND DERIVATION

Centripetal force is classically defined using linear velocity.
Substituting the relationship between linear and angular
velocity gives the angular format.

Formula:

Solution:

s \Weknow thatlinearvelocity v = rw.

e Substitute (rw) in place of vin the force formula: F. =
mirw)?
LS
2

e Squarethe terms inside the parenthesis; F, = mre,

r

e Onercancelsout, leaving: F. = mrw?.

Why other options are incorrect:

s Option Ais missing the square on the angular velocity.

e Option C and Option D mistakenly use angular
acceleration ainstead of angular velocity w.

SZABMU 2022

Question #55

Which one of the following is angular speed inradian perhour for
daily rotation of our earth? [SZABMU 2022]

CORE CONCEPT AND DERIVATION

Angular speed is the angle swept out overtime. Earthrotates
once completely every 24 hours.

Formula:

o - -

Solution:

s Afullrotationis 27 radians.
* Thetimetakenis 24 hours.
e Dividethetwo w = £.

+ Simplify the fraction: w = 5 rad/hr.

Why other options are incorrect:

s Option C would represent an Earth that rotates fully in 12
hours.

e Option A and OptionB are entirely wrong scales,
forgetting to divide by the hour count.
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Question #56 KMU 2022

Which one is notavectorquantity? [ETEA 2022]
CORE CONCEPT AND DERIVATION

Avector quantity requires both magnitude and a specific
directional axisin space. Ascalar (or tensoracting as ascalarin
basic mechanics) only requires magnitude.

Solution:

+ Moment of inertia relates mass distribution to an axis, but
mathematically, it does not point in a direction. Itisa
scalar property (technically a tensor of rank 2, but treated
as scalar in 1D rotational equations).

 Angulardisplacement, impulse, and momentum all point
in strict geometric directions (following the right-hand
rule for angular terms).

Why other options are incorrect:

e Option A, Option B, Option D are explicitly classified as
vectors inintroductory physics.

Question #57 KMU 2022

When angular speed of a body is doubled, the centripetal
acceleration becomes: [ETEAZ2022]

CORE CONCEPT AND DERIVATION

Centripetal accelerationis directly proportional to the square
of the angular speed.

Formula:

aQp = TWw

Solution:

e Letinitial accelerationa = rw’.
* Double the angular speed: v’ = 2w.

e Substitute the new speedinto the formula: o’ = r(2w)? =
r(4w?).

e Thisequatesto 4(rw?), which is exactly four times the
original acceleration.

Why other options are incorrect:

s+ Option Amistakenly treats the relationship as purely linear

rather than quadratic.

+ Option B and OptionD do not reflect squaring the factor
of 2.
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Question #58 BUMHS 2022

According to the right-hand rule, the direction of angular
displacement is along the? [BMU 2022]

CORE CONCEPT AND DERIVATION

The Right-Hand Rule is a universal convention in physics to
assign avector direction torotational quantities.

Solution:

e Grasp the axis of rotation in your right hand.

e Curlyourfingersinthe direction of the actual physical
rotation (the angular path).

s Yourstrictly extended, pointing thumb indicates the
vector direction of the angular displacement, velocity,
and acceleration.

Why other options are incorrect:

* Option Arepresents the path of motion, not the derived
vectordirection.

e OptionB and Option D are used in Fleming's rules for
electromagnetism, not basic rotational kinematics.

Question #59 BUMHS 2022

The ratio of angular speed of a minute hand to hour hand of the
watchis? [BMU 2022]

CORE CONCEPT AND DERIVATION

Angular speedisinversely proportional to the time taken to
complete one full revolution.

Formula:

E
I
=¥

Solution:

e Theminute hand completes a full revolution every 1hour.

So, Tt = 1hr.

e Thehourhand completes a full revolution every 12 hours.
S0, Ty, = 12 hrs.

e Theirspeedsarew,, = 2121 andw;, = E

e Taking theratio: & — 22:;:"112 =5 =12

e Therefore, theratiois12: 1.

Why other options are incorrect:

* OptionCisflipped (hour hand to minute hand).

s Option A and Option B use mathematically flawed time
conversions.
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Question #60 BUMHS 2022

in the Sl system of units, the centripetal force is measuredin: [BMU
2022]

CORE CONCEPT AND DERIVATION

Regardless of the adjective modifying it (centripetal,
gravitational, frictional, normal), force fundamentally measures
mass experiencing acceleration.

Solution:

* Inthe International System of Units (SI), every
manifestation of force is universally measured in Newtons
(N).

Why other options are incorrect:

« Option A (Joules)measures energy orwork.
+ Option C(Tesla) measures magnetic field strength.

+ Option D (Watts) measures power.

Question #61 BUMHS 2022

The best example of uniform circular motionis: [BMU 2022]
CORE CONCEPT AND DERIVATION

Uniform circular motion strictly requires a perfectly constant
speed and a perfectly circular path.

Solution:

* The minute hand of an analog clock is meticulously geared
to travelits circular path at a flawless, unchanging angular
speed without speeding up or slowing down.

Why other options are incorrect:

s Option Ais an elliptical orbit where Earth changes speed
(faster at perihelion, slower at aphelion).

+ Option Binvolves gravity slowing the mass as it goes up
and accelerating it asit falls.

+ Option Dusually involves precession, friction slowing it
down, and wobble.
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Question #62 DUHS 2022

Acyclistmoving on a circular track skid because: [DUHS 2022]
CORE CONCEPT AND DERIVATION

To turn safely, the friction between tires and the road must
provide exactly the necessary centripetal force to alterthe
vehicle's direction. If it cannot, inertia takes over.

Formula:

ml"z
-Frequirud = 7'

Solution:

* The maximum grip the tire hasisits 'limiting static friction’
(1Fy).

* Ifthecyclistgoes too fast orturns too sharply, the Flouirea
exceeds this physical limit.

e Becauselimiting friction is less than the required
centripetal force, the cyclist loses traction, breaks
physical contactlaws, and skids linearly forward off the
circular track.

Why other options are incorrect:

* Option B means turning is safe and easy.

* Option A and Option C represent fundamental
misunderstandings of frictional vectors in curved paths.

Question #63 DUHS 2022

Every particle of a rotating disc moves with: [DUHS 2022]
CORE CONCEPT AND DERIVATION

Arigid body rotating about a fixed axis possesses a uniform
rotational state. Every atom swings through the same anglein
the same amount of time.

Solution:

« Becauseitis asolid object, the disc does not shearor
warp. Every single point on it completes a 360° rotation in
the exact same time frame.

« Therefore, they all share identical constant angular
velocity.

Why other options are incorrect:

s Option A and Option C are incorrect because
linear/tangential velocity (v = rw) depends heavily on the
radius r. Points near the edge travel much faster linearly
than points near the center.

¢ OptionDis nonsensical for rotational continuous loops.
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Question #64 DUHS 2022

Abodyis moving in a circle with constant speed, with radius of
circleis 'r'and time period 'T"the centrip...

CORE CONCEPT AND DERIVATION

Centripetal acceleration can be expressed in terms of angular
velocity, and angular velocity in terms of the time period.

Formula:

Solution:
¢ Weknowthe angularvelocityw = %.
e Substitute thisinto the acceleration formula: ac = r (2—;}2
* Square the numerator and denominator.a. = r (‘}L)

4rr

* Rearranging gives exactly a, = 25-.

Why other options are incorrect:

+ Option Aincorrectly squares the radius instead of .

« Option Cand Option D fail to square the period T'in the
denominator.

Question #65 DUHS 2022

The angular momentum of a particle changes from O to [Formula] in
[Formula]. The magnitude of torque is: [DUH...

CORE CONCEPT AND DERIVATION

Torgue is the rotational equivalent of force. lust as Force is the
rate of change of linear momentum, Torque is the rate of change
of angular momentum.

Formula:
AL

At

Solution:

+ Find the changein angularmomentum: AL = 720 - 0 =
720 J s.

¢ Findthetimeinterval: At = 4 s.
¢ Dividethem:7 = 5! = 180N - m.

Why other options are incorrect:
s« OptionAincorrectly multiplies 720 and 4.

+ Option Cdividesby 2 instead of 4.
« Option Dmultiplies 720 and 2.
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Question #66 LCEH(%) NUMS 2022

Iradian = [NUMS 2022]
CORE CONCEPT AND DERIVATION

Aradianis the angle produced when an arc has the exact same
length asits circle's radius.

Formula:

lrad = EEEEE;

Solution:

¢ Substitute = = 3.1416into the fraction.

Bl - o
o G~ 57.2058".

« Rounding to one decimal place, this is universally
acceptedas 57.3°.

Why other options are incorrect:

e Option A, Option B, OptionD are mathematically false
approximations or numerical scrambles.

Question #67 NUMS 2022

The minimum required velocity to put a satellite into the orbit is
called: [NUMS 2022]

CORE CONCEPT AND DERIVATION

Orbiting requires going just fast enough horizontally so that as
you fall toward Earth, the Earth curves away beneath you at the
exact same rate.

Solution:

+ This precise minimum horizontal speed necessary to
maintain a stable circular orbit just above Earth's
atmosphere is defined in orbital mechanics as Critical
velocity (also frequently called orbital velocity).

Why other options are incorrect:

e OptionAisthe maxspeed of afalling objectin airdue to
drag.

* OptionBisthe speedneeded to break free fromthe
planet’s gravity completely, not stay in orbit.

e OptionDis a generic kinematics term.
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Question #68 NUMS 2022

Arotating wheel complete [Formula]in [Formula] . Find the average
angular velocityits rad/sec. [NUMS 2022]

CORE CONCEPT AND DERIVATION

Average angular velocity is the total angular displacement
divided by the time it took.

Formula:

Af
At

Solution:

o First, convertrevolutions toradians: 12 rev x 2m =
24 radians.

+ Timetakenisds.

+ Divide:w = 9% = B rad/s.

«  Multiplyout = 3.1416:6 x 3.1416 = 18.849 rad/s.

* Rounding off yields roughly 18.8 rad/s.

Why other options are incorrect:

+ Option A, OptionB, Option D are mathematically
incorrect calculationresults.

Question #69 NUMS 2022

When an object experiences circular motion, the directional of
centripetal accelerationis: [NUMS 2022]
CORE CONCEPT AND DERIVATION

Acceleration describes how velocity is changing. Ina circle,
velocity's direction is constantly being bentinward.

Solution:

+ The prefix 'centripetal’ comes from Latin 'centrum’
(center) and 'petere’ (to seek).

+ Thus, bylinguistic definition and physical derivation,
centripetal acceleration vectors point strictly toward the
center of the circular arc.

Why other options are incorrect:

+ Option B and Option C describe tangential velocity or
tangential acceleration, not centripetal.

* OptionDdescribes linear deceleration (braking).
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Question #70 PMDC 2021

Number of revolutions in [Formula] . [NMDCAT 2021]
CORE CONCEPT AND DERIVATION

A single full revolution maps a complete circle on a 2D plane.

Formula:

1 revolution = 360°

Solution:

« Divide the total given degrees by the number of degrees
in one revolution.
7200

* Hr=2

e Therefore, 720 degreesis exactly 2 revolutions.

Why other options are incorrect:

e Option A, Option B, OptionD are mathematically
incorrect division results.

Question #71 PMDC 2021

Carmoves in circular path due to [INMDCAT 2021]

CORE CONCEPT AND DERIVATION

Centripetal force is not a new fundamental force; itis just a label
forwhatever physical forceis pushing or pulling an object
toward the center of acircle. For a car turning on a flat road,
something physical must provide that inward push.

Solution:

e \When acarturnsits wheels, the static friction between the
rubbertires and the asphalt pushes inward.

s Thisfrictionalforce acts as the required centripetal force
to keep the caronits circular path.

 Without friction (e.g., hittingice), the car goes straight,
unable to maintain circular motion.

Why other options are incorrect:

s Option Ais technically true abstractly, but Frictionis the
actual physical agent providing the centripetal forcein
this specific real-world scenario. Examinations prefer the
specific fundamental agent.

s Option C pulls the cardownward into the Earth, not
sideways into the turn.
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Question #72 PMDC 2021

Radian is used to measure [NMDCAT 2021]

CORE CONCEPT AND DERIVATION

In physics and mathematics, the radian is the standard Sl unit of
angular measurement. While radians can theoretically measure
any angle, introductory test curricula distinguish uses.

Solution:

* According to standard local textbook conventions,
radians are uniquely beneficial and primarily associated
with measuring large angles during multiple rotational
kinematics.

+« Note: While scientifically valid for 'Both’, strictly adhering
to the historic exam key and textbook explanatory notes
marks 'Large angles' as the intended correct answer.

Why other options are incorrect:

* Option Aisincorrect because small angles are sometimes
approximated in degrees or minutes, but radians excelin
large continuous rotation.

Question #73 PMDC 2021

If earth covers [Formula] in 24 hours, then how many degrees are in
two hours [NMDCAT 2021]

CORE CONCEPT AND DERIVATION

The Earthrotates at arelatively constant angular velocity. We
canuse a simple unit rate or proportion to find the angle
covered inaspecific timeframe.

Formula:

4l
~ 3

Solution:

¢ First, find the rate perhour: 28— — 15° per hour.

« Multiply the rate by 2 hours: 157 x 2 = 307,

Why other options are incorrect:
s Option Ais the angle forjust one single hour.

e OptionCisfor3hours.
¢ OptionDisfor4hours.
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Question #74 PMDC 2021

Earth completes one revolution about its own axis [INMDCAT 2021]

CORE CONCEPT AND DERIVATION

Inastronomy, 'rotation’ refers to an abject spinning on its own
axis, while 'revolution’ usually refers to orbiting another body.
However, strictly interpreting 'revolution about its own axis’
implies a daily spin.

Solution:

e TheEarth completes one full 360° spin around its own polar
axis approximately every 24 hours, resulting in a day-night
cycle.

Why other options are incorrect:

e OptionBis half asolar year.

e OptionCisasolaryear, whichisthe time Earthtakesto
orbit (revolve around) the Sun, not its own axis.

Question #75 PMDC 2020

If during circular motion, tangential velocity of a body becomes
double, then centripetal force becomes: [NMDC...

CORE CONCEPT AND DERIVATION

Centripetal force has a direct quadratic relationship with the
tangential velocity. Any change in velocity causes a squared
effect ontherequired force.

Formula:

2
mu”

Solution:

e |etinitialforcebe F = m‘f‘i

+ [|fvelocityis doubled, new velocityis 2v.

e Substitute 2vinto the formula: F' = ﬂf—"— = ﬂf—ﬁl
e Pullingthedout,wegetF' =4 (%) =4F.

e Therefore, the force becomes fourtimes as great.

Why other options are incorrect:

e Option A assumes alinearrelationship ratherthana
sguared one.

e Option B and Option D assume aninverse relationship.
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Question #76 PMDC 2020

Underwhat condition an object will have zero displacement but non
zerodistance? [NMDCAT 2020]

CORE CONCEPT AND DERIVATION

Distance is a scalar indicating the total path covered, while
displacementis a vector indicating the shortest straight line
from start to finish. If an object returns to its exact starting point,
displacementis zero.

Solution:

* Inpurecircular motion, when an object completes one full
revolution, itreturns exactly to its starting point.

+ |tsdisplacement (final position - initial position)is
precisely zero.

« |tsdistance traveledis the circumference 2xr, whichis
non-zero.

Why other options are incorrect:

» Linearmotionstrictly in one directionyields distance =
displacement.

* While oscillation and some random motion canreturn to
start, circular motionis the canonical classic example
where an objectreliably returns to its coordinate origin
after exactly one cyclein a pure continuous loop.

Question #77 PMDC 2020

Iradianis equal to [NMDCAT 2020]
CORE CONCEPT AND DERIVATION

Aradianis defined as the angle subtended when the arc length
equals the radius. We convert radians to degrees using the ratio
of afull circle's degreestoits radians.

Formula:

180°
1lrad =

Solution:

s Substitute = = 3.14159into the formula.

180 .. 570
o s = 572057,

* Roundingto one decimal place gives precisely 57.3°.

Why other options are incorrect:

¢ Option A, Option B, Option D are incorrect rounding or
inaccurate memorizations of this standard physics
constant.
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Question #78 NUMS 2020

A[Formula] force moves a body around a circular path of radius
[Formula] . What is work done in completing on...

CORE CONCEPT AND DERIVATION

Work is calculated as the dot product of force and
displacement. In a full circular revolution, the starting point and
ending point are exactly the same.

Formula:

W=F-

Fdcos(#)

Solution:

« Becausethe body completes exactly one full revolution,
its net displacement dis Q.

s Therefore, W=F =x0=0.

e Alternative logic: The centripetal force holdingitinacircle
acts exactly perpendicular (90°) to the instantaneous
velocity. Since cos(90°) = 0, the work done by a centripetal
forceis always zero.

Why other options are incorrect:

e Option A, Option C, OptionD assume you calculate work
using the distance (circumference) instead of the vector
displacement, which is a fundamental misunderstanding
of physics work.

Question #79 MDCAT 2019

An objectis moving along a circular path of radius [Formula] . What
will be its angular displacement if it mo...

CORE CONCEPT AND DERIVATION

Angular displacement is the ratio of the arc length traveled to
the radius of the circular path.

Formula:

1l

Solution:

e Givenarclength(lineardistance) S = 14 m.

e Givenradiusr = 4m.

e Substitute the values into the formula: 8 = 2.
e = 3.5 radians.

Why other options are incorrect:

» Option A, Option B, Option D represent simple division
errors or miscalculations of 14 -+ 4.
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Question #80

Awheelstarts rotating from rest with angular acceleration of
[Formula] till its angular speed becomes [Formu...

CORE CONCEPT AND DERIVATION

MDCAT 2018

This involves rotational kinemnatics. You can find the angular
displacement using the third equation of rotational motion,
avoiding the need fortime.

Formula:

206 = wf‘ —u.rg.2

Solution:

« Thewheelstarts fromrest, sow; = 0.
o Finalangularspeedwy = 6 rad/s.

* Angularaccelerationoa =2 r:—.\dfs2.

e Pluginthevalues: 2(2)8 = (6)% - (0)%
e« 40 = 36.

. 9=%=9mdia.ms.

Why other options are incorrect:

* Option B comes from wrongly applying a linearv=attype
logic without squares.

+ Option Aand OptionD are mathematically completely
incorrect.
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Question #81

Which of the following gives the relationship between linear velocity
and angular velocity? [MDCAT 2018]

CORE CONCEPT AND DERIVATION

MDCAT 2018

Linear velocity at the edge of arotating circle isintrinsically
linked to how fast the angle is changing (angular velocity) and
how far the edge is from the center (radius).

Formula:

=T

Solution:

e Thedefinitionof arclengthis s = ré.
« Differentiating both sides with respect to time t yields:

de _ df
dt = Tat

H ds __ i - A = L
. Slnceﬁ =wvand & =w wegetv = rw.

Why other options are incorrect:

e OptionCisincorrect because rf gives linear
displacement s, not velocity.

e Option B and Option D use mathematically invalid variable
pairings.

Question #82

Abodymoves in a circle with increasing angular velocity. At time
[Formula], the angularvelocity is [Formul...
CORE CONCEPT AND DERIVATION

Linear velocity and angular velocity are tightly coupled through
the radius of the circular path. The ‘increasing’ and 'time t=6 sec’
aredistractors; you only need the instantaneous values.

MDCAT 2017

Formula:

Solution:

e Atthespecificinstant,w = 27rad/sandv = 81 cm/s.
= Rearrange the formula to solve forradius:r = .
e Substitute thevalues:r = & =3 cm.

Why other options are incorrect:

* Option B results fromtaking the square root of 81.
» Option Aincorrectly utilizes the distractortime t = 6.
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Question #83 RGHIY MDCAT 2017 Question #84 LGA(:)] MDCAT 2017
Angular speed of minutes hand of mechanical watchis: [MDCAT Abodyis moving in a circular path with constant speed. The
2017] magnitude of tangential and centripetal accelerat...
CORE CONCEPT AND DERIVATION CORE CONCEPT AND DERIVATION
Angular speed is defined as the total angular displacement Inuniform circular motion, speed is constant. Tangential
divided by the total time taken. The minute hand of a clock acceleration measures the rate of change of speed, while
completes one full revolution in 60 minutes. centripetal acceleration measures the rate of change of
direction.
Formula:
Formula:
il
e _ dv - _ v?
iy = dt a1l e = =
Solution:
Solution:

+ Onecompleterevolutionis 2 radians.

s The time taken for one revolution of a minute hand is e Sincespeeduis perfectly constant, Av = 0, meaning
60 minutes. tangential accelerationa; = 0.

¢ Therefore,w = Z rad/min. * Becausethe bodyistravelingin acircle, itsdirectionis

*  Simplifying the fraction gives  rad min ', continuously changing,whichiscljriven by aninward

centripetal accelerationofa, = .

Why other options are incorrect:
Why other options are incorrect:

« Option B assumes the hand completes arevolutionin4
minutes. s Option Cignores the directional change required for

« Option C assumes the hand completes a revolutionin 2 GHGIRIORaN,

minutes. * Option D wrongly assumes speed is changing.
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Question #85 KMU2017

Acentripetal force F acts on a body moving with angular speed
[Formula]. If the angular speed s tripled, th...

CORE CONCEPT AND DERIVATION

Centripetal force can be expressed interms of angular velocity.
The relationship reveals that the force scales with the square of
the angular velocity.

Formula:

F. = mrw

Solution:

+ Lettheinitialforce be F = mrw?.

« [fthe newangular speedisw’ = 3w, substitute thisinto the
formula.

e F— mr(3w)2 — mr(guz} — .[}(mrwz}.

+ Therefore, the newforceis 9F.

Why other options are incorrect:

+ Option C assumes forceis directly proportional to w,
ignoring the square.

s Option A and OptionD are mathematically incorrectfora
factorof 3 squared.
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Question #86 KMU 2017

Afly wheels rotates at a constant speed of [Formula] . The angle
described by the shaft inradian in one seco...

CORE CONCEPT AND DERIVATION

RPM (revolutions per minute) needs to be converted into
radians per second to determine the angular displacement in
one second.

Formula:

Solution:

e Given N = 3000 rev,/min.
¢ Convertrevolutionstoradians: 3000 rev = 27 =
6000 radians.

» Convert minutes to seconds by dividing by 60: w = %=,
o w = 100 radians per second.

* Sincethe timeinterval is 1 second, the angle described is
1007 radians.

Why other options are incorrect:

* Option Arepresents just one single revolution.

e Option B and Option D result from incorrect division or
omitting the 2x conversion factor.
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Question #87

Awheelstarts from rest and has an angular acceleration of
[Formula]. When it has made 10 revits angular ve...

CORE CONCEPT AND DERIVATION

KMU 2016

To find the final angular velocity using angular acceleration and
displacement, we use the third equation of rotational motion.

Formula:

wff = w? + 2a8

Solution:

The wheel starts from rest, sow; = 0.

o Convertrevolutions toradians: @ = 10 rev x 27 =
20 rad = 62.83 rad.

Pluginthe values: w} = 0 + 2(4.0)(20w) = 160
160 = 3.1416 == 502.6.
Take the square root: wy = v/502.6 ~ 22.4 rads.

The closest optionis 22 rad/s.

Why other options are incorrect:

+ Option A, Option C, Option D occurif one forgets to
multiply by 27 for radians or forgets to take the final square
root.

KMU 2016

Question #88

Achild riding on a large merry-go-round, travels a distance of
[Formula]in a circle of diameter [Formula] . ...

CORE CONCEPT AND DERIVATION

The total angle revolved by an object is exactly equal to the total
distance traveled along the arc divided by the radius of the
circular path.

Formula:

4 ltn

Solution:

¢ Thediameteris 40 m. so theradiusris 3} =20 m.
L ]

The linear distance traveled § = 3000 m.

¢ Divide distance by radius: § = 4 — 150 radians.

Why other options are incorrect:

e Option B (75 rad) mistakenly uses the diameter (40m)
instead of the radius inthe denominator.

Option A and Option D result from usingincorrect
formulas involving = unnecessarily.
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Question #89

The angular velocity for daily rotation of the earth is; [ETEA 2016]

KMU 2016

CORE CONCEPT AND DERIVATION

Angular velocity represents the angle swept by an object per
unit time. The Earth completes one full rotation onits axis every
24 hours.

Formula:

€

I>|l>
= =S

Solution:

One full rotation equals 27 radians.
The time period T'is 24 hours.
Therefore,w = $2-.

Simplify the fraction: w = ; rad hr-

Why other options are incorrect:
s OptionB assumesal2-hour day.
e Option Aassumesaé-hourday.

¢ OptionDincorrectly multiplies instead of dividing.
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Question #90 KMU 2013

The centripetal acceleration of a car travelling at constant speed
around a frictionless circular track: [ETEA...

CORE CONCEPT AND DERIVATION

Centripetal accelerationis a vector quantity. Evenif an object's
speed is constant, moving in a circle means its direction of
motionis continuously changing, so the acceleration direction
changes as well.

Formula:

el

lae| = —

Solution:

* Since speedvandradius r are constant, the magnitude of
acceleration % remains perfectly constant.

s However, centripetal acceleration always points toward
the center. As the car moves along the track, the absolute
spatial direction of 'toward the center' continuously
rotates.

s« Therefore,ithas a constant magnitude but varying
direction.

Why other options are incorrect:

* Option Aiswrong because circular motion requires
accelerationto change the velocity vector's direction.

« Option Cis mathematically impossible for circular motion.

« OptionDisincorrect because the magnitude remains
constant.
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Question #91 MDCAT 2011

Radian is a unit of angular displacement which can also be
measured in degrees. How many radians are equal to ...

CORE CONCEPT AND DERIVATION

Afull circle consists of 3607, which is equivalent to 2x radians.
Formula:

360° = 2w rad

Solution:

e Start with the standard equivalence: 180° = « radians.

e Divide bothsidesby180 toisolate one degree.

® 1° = 75 radians.

Why other options are incorrect:

* OptionAistheinverted conversion factor (used to

convert radians to degrees).

¢ Option C would simplifyto &, whichis 2°.

s Option D confuses the numerical value of 1radian (57.3%)
with the fractionlayout.

Question #92 R CVHT.Y] MDCAT 2010
Awheel of radius [Formula] covers an angular displacement of
[Formula] . Its linear displacementis: [MCAT 20...

CORE CONCEFPT AND DERIVATION

Linear displacement (arc length) relates to angular
displacement, but the angle must first be converted from
degrees intoradians.

Formula:

Solution:

e Convert 180° toradians: 180° = r radians.
s Givenradiusr = 1 m.
e Calculate thearclength: § = (1 m)(x rad) = 7 m.

s Sincerw = 3.14, thelineardisplacement is 3.14 m.
Why other options are incorrect:
e OptionBincorrectly uses 360° or 2.

* Option Cis a unitof angle, not a unit of linear distance.

* OptionDis a calculation errorinvelving improper
conversion factors.
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Question #93 KMU 2010

When a body moves in a circle the angle betweenits linear velocity
and angular velocity is always: [ETEA 2010...

CORE CONCEPT AND DERIVATION

In uniform circular motion, the linear velocity vector lies tangent
to the circular path, while the angular velocity vector points
along the axis of rotation.

Formula:

T= xF

Solution:

« Bytheright-handrule,&is perpendicular to the entire
plane of motion.

* Sincevis strictly in the plane of motion, the angle between

the plane and its normal axis is exactly 90°.

Why other options are incorrect:

+ Option Aand OptionBimply they are parallel or anti-
parallel, which violates the cross-product vector
definition.

* Option Cis geometrically equivalentto 07,
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Question #94 MDCAT 2009

Linearvelocity ortangential velocity of any particle moving in a
circular path of radius [Formula] with angu...

CORE CONCEPT AND DERIVATION

Linear (tangential) velocity is directly proportional to both the
angular velocity of the object and the radius of its circular path.

Formula:

Solution:

e Givenradiusr = 2m.
e Givenangularvelocityw = 8rads .

e Multiplythetwo:v =2 x 8=16ms .

Why other options are incorrect:

* OptionB, Option C, OptionD result from incorrect
arithmetic operations (like addition, subtraction, or
division instead of multiplication).

Question #95 LCEH)] MDCAT 2008
The force required to bend the normally straight path of a particle
into a circularpathis called ____ force....

CORE CONCEPT AND DERIVATION

By Newton's first law, an object will move in a straight line unless
acted upon by an external force. To continuously 'bend' this
pathinto a circle, aforce must constantly pull the object toward
the center of rotation.

Formula:

Solution:

« Thecenter-seeking force responsible for maintaining
circularmotionis defined universally as centripetal force.

Why other options are incorrect:

e Centrifugal forceis an outward-directed pseudo-force
observed inrotating reference frames, not the force
bending the path.

e Traveling and Bending are not standard physical forces.
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