A BALL Is THRoOwWN DownNwARD FRoM THe Top OF A 44.0
M Tower WITH AN INITIAL SPeep OF 15.0 M/s. ASSUMING

UNDERSTANDING THE PHYSICS BEHIND A BALL THROWN DOWNWARD FROM A
TOWER

A BALL IS THROWN DOWNWARD FROM THE TOP OF A 44.0 M TOWER WITH AN INITIAL SPEED OF 15.0 M/S. ASSUMING WE
WANT TO ANALYZE THE MOTION OF THE BALL UNDER THE INFLUENCE OF GRAVITY, IT PROVIDES AN EXCELLENT OPPORTUNITY TO
EXPLORE FUNDAMENTAL CONCEPTS OF KINEMATICS. THIS SCENARIO INVOLVES CALCULATING THE TIME IT TAKES FOR THE BALL
TO HIT THE GROUND/ ITS VELOCITY UPON IMPACT, AND UNDERSTANDING THE PHYSICS PRINCIPLES SUCH AS ACCELERATION DUE
TO GRAVITY, INITIAL VELOCITY, AND DISPLACEMENT. \W/HETHER YOU'RE A STUDENT PREPARING FOR PHYSICS EXAMS OR AN
ENTHUSIAST SEEKING TO DEEPEN YOUR UNDERSTANDING OF PROJECTILE MOTION, THIS COMPREHENSIVE GUIDE WILL WALK YOU
THROUGH THE NECESSARY CALCULATIONS AND CONCEPTS.

FUNDAMENTAL CONCEPTS IN PROJECTILE MOTION

WHAT Is ProJECTILE MOTION?

PROJECTILE MOTION REFERS TO THE MOVEMENT OF AN OBJECT THROWN OR PROJECTED INTO THE AIR, SUBJECT ONLY TO
ACCELERATION DUE TO GRAVITY. |T COMBINES HORIZONTAL MOTION WITH VERTICAL MOTION, BUT IN THIS SCENARIO, SINCE THE
BALL IS THROWN DOWNWARD, WE FOCUS ON VERTICAL MOTION.

Key V ARIABLES IN THE SCENARIO

BEFORE DIVING INTO CALCULATIONS, LET'S DEFINE THE VARIABLES INVOL VED:

- INITIAL HEIGHT oF THE BALL, \( H_O = 44.0\, \texT{m} \)

- INITIAL VELOCITY IN THE DOWNW ARD DIRECTION, \( v_0 = 15.0\, \TexT{M/s} \)
- ACCELERATION DUE TO GRAVITY, \( (¢ = 9.80\, \texT{mM/s}"2 \)

- FINAL VELOCITY WHEN HITTING THE GROUND, \( v \)

- TIME TAKEN TO HIT THE GROUND, \( T \)

- DISPLACEMENT DURING FALL, \( \DeLTA ¥ \)

ANALYZING THE MOTION OF THE BALL

SETTING UP THE KINEMATIC EQUATION

THE VERTICAL MOTION OF THE BALL CAN BE DESCRIBED BY THE KINEMATIC EQUATION:

\[

vy=vy 0+v 01+ \rac{1H2}cT"2
\]

W/ HERE:

-\(v_0\) I1s THE INITIAL POSITION (HEIGHT OF THE TOWER)
-\( v \) 1s THe PosITION AFTER TIME \( T \)

SINCE THE BALL IS FALLING DOWNWARD, AND WE CHOOSE DOWNWARD AS THE POSITIVE DIRECTION, THE EQUATION MODIFIES



TO:
\[
\DeLtay =v_O0 T+ \rrac{1}{2} c 772
\]

wITH \( \DELTA ¥ = -H_0 \) (SINCE THE DISPLACEMENT IS DOWNWARD, OPPOSITE TO THE INITIAL COORDINATE DIRECTION).

HO\X/EVER, FOR SIMPLICITY, WE CAN TREAT DOWNWARD AS POSITIVE BY ADJUSTING SIGNS ACCORDINGLY, OR KEEP CONSISTENT
WITH THE COORDINATE SYSTEM.

CALCULATING TIME OF FLIGHT

TO FIND THE TIME IT TAKES FOR THE BALL TO REACH THE GROUND, WE SET:
\[

HO=v 01T+ \rRac{1H2}cT"2

\]

REARRANGED AS:

\[

\rrAc{1}{2}cT"2+Vv 0T-H 0=0

\]

THIS IS A QUADRATIC EQUATION IN \( T \):

\[

A =\rrAc{1}{2} 6 = 4.90\, \TexT{M/s}"2
\]

\[

g=v_0=15.0\, \text{M/s}

\]

\[

c=-44.0\, \text{m}

\]

USING THE QUADRATIC FORMULA:

\[
T = \rrAc{-B \PM \sQrT{8"2 - 4AC}}{2A}
\]

CALCULATE THE DISCRIMINANT:

\[

\DeLta =872 - 4ac = (15.0)"2 - 4 \Times 4.90 \1imes (-44.0)
\]

\[

\DeLTA = 225 + 4 \TiMes 4.90 \Times 44.0

\]

\[

\DeLTA = 225 + 4 \TiMes 4.90 \Times 44.0

\]

CALCULATE:

\[
4 \TiMes 4.90 = 19.6

\]

\[
19.6 \TiMes 44.0 = 862.4

\]

So,
\l
\DeLTA = 225 + 862.4 = 1087.4

\]



CaLcuaTe \( T \):

\[
T =\rrAc{-15.0 \pM \s@rT{1087.433}{2 \TiMes 4.903}
\]

\[
\sQrT{1087.4} \APPrOX 32.97

\]

THE TWO ROOTS ARE:

\[
T =\rrAc{-15.0 + 32.973{9.803 \quap \TexT{anD} \QuaD T = \rrac{-15.0 - 32.973}{9.80}

\]

SINCE TIME CANNOT BE NEGATIVE, WE DISCARD THE NEGATIVE ROOT:

\[
T =\rrAC{17.973{9.80} \approx 1.835\, \TexT{s}

\]

THEREFORE, THE BALL HITS THE GROUND APPROXIMATELY AFTER 1.84 SECONDS.

CALCULATING THE VELOCITY UPON IMPACT

FINAL VELOCITY FORMULA

THE VELOCITY OF THE BALL JUST BEFORE IMPACT CAN BE FOUND USING:
v=v O+cT

SUBSTITUTING THE KNOWN VALUES:

\[

v =15.0\, \text{m/s} + 9.80\, \TexT{M/s}"*2 \TiMes 1.835\, \TexT{s}
\]

\[

v =15.0+ 17.99 \approx 32.99\, \texT{m/s}

\]

THE IMPACT VELOCITY OF THE BALL IS APPROXIMATELY 33.0 M/S DOWNW ARD.

UNDERSTANDING THE ENERGY CHANGES

PoTeNTIAL AND KINETIC ENERGY

THE MOTION INVOLVES A CONVERSION OF POTENTIAL ENERGY AT THE START INTO KINETIC ENERGY UPON IMPACT:

- INITIAL POTENTIAL ENERGY:

\[

PE {NnTiaL} =mMGH_O

\]

- INITIAL KINETIC ENERGY:

\[

KE_{inmiaL} = \rrac{13}{2} M Vv_0"2
\]

- FINAL KINETIC ENERGY:



\[
KE_{FNaL} = \rRAc{1}{2} M V"2
\]

SINCE GRAVITY DOES WORK ON THE BALL, THE TOTAL MECHANICAL ENERGY DECREASES ONLY IF AIR RESISTANCE IS CONSIDERED
NEGLIGIBLE.

ENerGY CALCULATIONS

IF THE MASS \( M \) OF THE BALL IS KNOWN, THE ENERGY VALUES CAN BE COMPUTED, BUT SINCE MASS CANCELS OUT IN ENERGY
RATIOS, THE FOCUS REMAINS ON RELATIVE ENERGY TRANSFORMATIONS.

PrRACTICAL APPLICATIONS AND REAL-\W ORLD CONSIDERATIONS

ReAL-\W/oORLD FACTORS AFFECTING THE MOTION

W/HILE THEORETICAL CALCULATIONS ASSUME IDEAL CONDITIONS, REAL-WORLD FACTORS CAN INFLUENCE THE MOTION:
- AIR RESISTANCE: SLOWS DOWN THE BALL, REDUCING IMPACT VELOCITY

- WIND: CAN ALTER THE TRAJECTORY

- BALL MATERIAL: AFFECTS THE AIR RESISTANCE AND BOUNCE BEHAVIOR

ENGINEERING AND SAFETY IMPLICATIONS

UNDERSTANDING THE PHYSICS OF FALLING OBJECTS IS CRUCIAL IN VARIOUS FIELDS:
- CONSTRUCTION: ENSURING SAFETY WHEN OBJECTS ARE DROPPED FROM HEIGHTS
- BaLLIsTIcS: CALCULATING PROJECTILE IMPACTS

- SPORTS SCIENCE: ANALYZING MOTION FOR PERFORMANCE ENHANCEMENT

SUMMARY OF KEY CALCULATIONS

| Step | CALCULATION | RESULT |

RN

| TiMe To HIT GRounD | \( T = \Frac{-8 + \srT{\DeLTA}}{2A} \) | APPROXIMATELY 1.84 SECONDS
| IMPACT veLociTy [ \(v=v_0+cT\)|ApPrOXIMATELY 33.0 M/S DOWNWARD |

ConcrusioN: THE PHYsIcs oF DownNwARD THROWN BALLS

ANALYZING THE MOTION OF A BALL THROWN DOWNW ARD FROM A TOWER COMBINES FUNDAMENTAL PHYSICS PRINCIPLES,
INCLUDING KINEMATIC EQUATIONS, GRAVITATIONAL ACCELERATION, AND ENERGY CONSERVATION. W/ ITH THE INITIAL CONDITIONS
PROVIDED, WE SEE THAT THE BALL TAKES ABOUT 1.84 SECONDS TO REACH THE GROUND AND IMPACTS AT A VELOCITY NEARING
33 M/S. THESE CALCULATIONS NOT ONLY DEEPEN OUR UNDERSTANDING OF PROJECTILE MOTION BUT ALSO HAVE PRACTICAL
APPLICATIONS IN ENGINEERING, SAFETY, SPORTS, AND SCIENTIFIC RESEARCH. BY MASTERING THESE CONCEPTS, STUDENTS AND
PROFESSIONALS ALIKE CAN BETTER PREDICT AND ANALYZE THE BEHAVIOR OF OBJECTS IN FREE FALL AND PROJECTILE MOTION
SCENARIOS.

KEYWORDS: PROJECTILE MOTION, DOWNWARD THROW, GRAVITY, KINEMATIC EQUATIONS, IMPACT VELOCITY, PHYSICS
CALCULATIONS, FREE FALL, ENERGY CONSERVATION, ENGINEERING APPLICATIONS, SAFETY CONSIDERATIONS



FREQUENTLY AskeD QUESTIONS

WHAT IS THE VELOCITY OF THE BALL JUST BEFORE IT HITS THE GROUND?

USING THE EQUATION V = Vg + GT, WHERE Vo = 15.0 M/S DOWNWARD, G = 9.8 M/S?, AND T IS THE TIME TO REACH THE
GROUND. ALTERNATIVELY, USING VZ = V2 + 2GH, THE VELOCITY JUST BEFORE IMPACT IS APPROXIMATELY 6 1.6 M/s
DOWNW ARD.

How LONG DOES IT TAKE FOR THE BALL TO REACH THE GROUND?

USING THE EQUATION Y = VT + 0.5G6T2, WiTH ¥ = 44.0 M DOWNWARD, SOLVING FOR T GIVES APPROXIMATELY 4.83
SECONDS FOR THE BALL TO HIT THE GROUND.

\WHAT IS THE MAXIMUM HEIGHT REACHED BY THE BALL DURING ITS TRAJECTORY?

SINCE THE BALL IS THROWN DOWNWARD WITH AN INITIAL SPEED OF 15.0 M/S, IT DOES NOT ASCEND; THUS, ITS MAXIMUM
HEIGHT IS THE INITIAL HEIGHT ofF 44.0 M.

WHAT IS THE ACCELERATION OF THE BALL DURING ITS FALL?

THE ACCELERATION REMAINS CONSTANT AT 9.8 M/52 DOWNWARD THROUGHOUT THE FALL DUE TO GRAVITY.

IF AIR RESISTANCE IS NEGLECTED, WHAT ASSUMPTIONS ARE MADE IN CALCULATING THE
FALL TIME AND IMPACT VELOCITY?

THE CALCULATIONS ASSUME THAT GRAVITY IS THE ONLY FORCE ACTING ON THE BALL, NEGLECTING AIR RESISTANCE AND OTHER
RESISTIVE FORCES, AND THAT GRAVITY REMAINS CONSTANT AT 9.8 M/S2 DURING THE FALL.

ADDITIONAL RESOURCES

A BaLL Is THrRowWN DowNwARD FRoM THe Top OF A 44.0 M Tower WITH AN INITIAL Speep OF 15.0 M/s: A
COMPREHENSIVE ANALYSIS

UNDERSTANDING THE PHYSICS BEHIND OBJECTS IN MOTION IS FUNDAMENTAL TO GRASPING THE PRINCIPLES GOVERNING OUR
EVERYDAY EXPERIENCES. ONE CLASSIC PROBLEM OFTEN ENCOUNTERED IN INTRODUCTORY PHYSICS COURSES INVOLVES ANALYZING
THE MOTION OF A BALL THROWN DOWNW ARD FROM A HEIGHT WITH AN INITIAL VELOCITY. IN THIS CASE, A BALL IS THROWN
DOWNW ARD FROM THE TOP OF A 44.0-METER-HIGH TOWER WITH AN INITIAL SPEED OF 15.0 METERS PER SECOND. THIS
SCENARIO OFFERS AN EXCELLENT OPPORTUNITY TO EXPLORE CONCEPTS SUCH AS KINEMATIC EQUATIONS, THE INFLUENCE OF
INITIAL CONDITIONS, AND THE EFFECTS OF GRAVITY ON MOVING OBJECTS. THIS ARTICLE AIMS TO PROVIDE A DETAILED REVIEW
OF THIS PROBLEM, BREAKING DOWN THE PHYSICS INVOLVED, ANALYZING THE RELEVANT EQUATIONS, AND DISCUSSING THE
IMPLICATIONS AND APPLICATIONS OF SUCH MOTION.

UUNDERSTANDING THE BASIC PROBLEM SETUP

THE PROBLEM INVOLVES A FEW KEY PARAMETERS:

- INITIAL HEIGHT (Hg): 44.0 METERS
- INITIAL vELocITY (Vg): 15.0 M/s bowNw ARD
- ACCELERATION DUE TO GRAVITY (G): 9.80 M/s? bOWNWARD



- FINAL PosiTION (H): O MeETERS (ASSUMING THE GROUND LEVEL )
THE PRIMARY GOAL IS TO DETERMINE VARIOUS ASPECTS OF THE BALL'S MOTION, SUCH AS:

- THE TIME IT TAKES TO REACH THE GROUND
- THE VELOCITY OF THE BALL JUST BEFORE IMPACT
- THE TOTAL DISPLACEMENT DURING THE FALL

UNDERST ANDING THESE COMPONENTS REQUIRES A SOLID GRASP OF KINEMATIC EQUATIONS AND HOW INITIAL CONDITIONS
INFLUENCE MOTION.

FUNDAMENTAL CONCEPTS AND EQUATIONS

KINEMATIC EQUATIONS IN UNIFORM ACCELERATION

THE MOTION OF THE BALL CAN BE DESCRIBED USING THE FOLLOWING KINEMATIC EQUATIONS, ASSUMING CONSTANT
ACCELERATION DUE TO GRAVITY:

-\(v \): vecoarty AT TiMeE \( T \)
-\(v_0 \): INITIAL VELOCITY
-\CA\): acceLeraTiON (HERE, \( G \))
-\(H_O \): INITIAL HEIGHT

-\CH \): HeiHT AT TIMENC T V)

-\( 7 \): ELAPSED TIME

SINCE THE MOTION IS DOWNWARD, DIRECTIONS ARE TYPICALLY TAKEN AS POSITIVE DOWNW ARD FOR CONSISTENCY, SIMPLIFYING
CALCULATIONS.

CALCULATING THE TIME OF FALL

THE FIRST STEP IS TO DETERMINE HOW LONG IT TAKES FOR THE BALL TO REACH THE GROUND. USING THE SECOND KINEMATIC
EQUATION:

\[
H=H O+v OT+\rrac{1H2}cT"2
\]

RearrRANGED To FIND \( T \):

\[
0 =440\, \text{m} + 15.0\, \TexT{M/s} \TiMes T + \rrac{ 1}{2} \TiMes 9.80\, \texT{M/s}"2 \TIMES T2
\]



THIS SIMPLIFIES TO:

\[

\rRAC{13{23 \TiMes 9.80 \TiMes T2 + 156.0T+44.0=0
\]

Or:

\[

490172+ 150T1T+440=0

\]

APPLYING THE QUADRATIC FORMULA:

\[

T = \rrac{-B \PM \sQrT{B"2 - 4ac}}{2A}
\]

\W/ HERE:

-\(a=4.90\)

-\(g=15.01)

-\(c=44.0\)

CALCULATING THE DISCRIMINANT:

\[
\DeLTa = 15.0"2 - 4 \TiMes 4.90 \Times 44.0 = 225 - 4 \1iMes 4.90 \TimMes 44.0

\]

CALCULATING:

\[
4\TiMes 4.90 = 19.6

\]

\[
19.6 \TiMes 44.0 = 862.4

\]

THus,

\[
\DeLTAa = 225 -862.4=-637.4

\]

SINCE THE DISCRIMINANT IS NEGATIVE, IT INDICATES A MISINTERPRETATION: WE NEED TO CAREFULLY ACCOUNT FOR THE INITIAL
VELOCITY DIRECTION. BECAUSE THE INITIAL VELOCITY IS DOWNWARD, WE CAN TAKE DOWNWARD AS POSITIVE, BUT THE
QUADRATIC SETUP MUST REFLECT THE INITIAL CONDITIONS ACCURATELY.

ALTERNATIVELY, A BETTER APPROACH IS TO CONSIDER THE INITIAL VELOCITY AS POSITIVE DOWNW ARD:

\[
H=H 0+v 0T+ \rrac{1}{2}cT"2
\]

WITH:

-\(H. 0=440\)m



-\(H=0\M™
So:

\[
0=44.0+150T+4.9071"2

\]

REARRANGED:

\[
4907"2+1607+440=0

\]

THE QUADRATIC FORMULA YIELDS:

\[
T =\rrAc{-15.0 \pm \s@rT{15.0"2 - 4 \TiMes 4.90 \TiMes 44.03}{2 \Tives 4.90}

\]

CALCULATING THE DISCRIMINANT:

\[
\sqrT{225 - 862.4} = \sqrT{-637.4}
\]

AGAIN, NEGATIVE DISCRIMINANT. \WHAT THIS INDICATES IS THAT THE INITIAL ASSUMPTIONS ABOUT SIGN CONVENTIONS NEED TO
BE REFINED. SINCE THE INITIAL VELOCITY IS DOWNWARD AND GRAVITY IS ALSO DOWNWARD, BOTH ARE POSITIVE IN OUR
COORDINATE SYSTEM. THEREFORE, THE INITIAL HEIGHT 1S 44.0 M ABOVE GROUND, AND THE ACCELERATION IS DOWNWARD AT
9.80 m/s2.

IN THIS CASE, THE QUADRATIC SHOULD BE:

\[
H=H 0-v_07-\rrac{1}{2}c 772
\]

BUT SINCE THE MOTION IS DOWNWARD, AND TO KEEP CONSISTENT, WE CAN ASSIGN DOWNWARD AS POSITIVE:

\[
H=H 0-v_0T-\rrac{1}{2}c "2
\]

WITH:

-\(H_0=44.0\)m
-\(H=0\m

REARRANGED:

\[
0=440-1507-4907"2

\]

QUADRATIC:

\[
490172+ 15.07-44.0=0

\]



NOWw, DISCRIMINANT:

\[

\DeLta = (15.0)"2 - 4 \1imes 4.90 \1iMes (-44.0) = 225 + 862.4 = 1087.4
\]

SQUARE ROOT:

\[

\sqQrT{1087.43} \aprrox 33.0

\]

TIME SOLUTIONS:

\[

T =\rrac{-15.0 \pm 33.0K2 \TiMes 4.903 = \rrac{-15.0 \pm 33.03{%.80}
\]

TWO SOLUTIONS:

1.\( 1= \rrAc{18.0}{9.80} \aPProOXx 1.84 \) seconps
2.\( 1= \rrAc{-48.03}{9.80} \ApPrOX -4.90 \) SECONDS (DISCARDED, AS NEGATIVE TIME)

RESULT: THE BALL HITS THE GROUND AFTER APPROXIMATELY 1.84 SECONDS.

DETERMINING VELOCITY AT IMPACT

USING THE FIRST KINEMATIC EQUATION:

\[

v=v O+aT
\]

WITH:

-\(v_0=15.0\) M/s (bowNnwARD)
-\(6=9.80\)M/s?
-\(t=1.84\)s

CALCULATING:

\[
v =150+ 9.80 \1iMes 1.84 \approx 15.0 + 18.0 \approx 33.0\, \TexT{m/s}

\]

THUS, THE VELOCITY OF THE BALL JUST BEFORE IMPACT IS APPROXIMATELY 33.0 M/S DOWNW ARD.

ANALYZING THE ENERGY AND IMPACT FORCE

UNDERSTANDING THE ENERGY TRANSFER DURING IMPACT PROVIDES INSIGHTS INTO THE POTENTIAL DAMAGE OR SAFETY



CONSIDERATIONS FOR SUCH MOTION.

- INITIAL KINETIC ENERGY:

\[

KE 1=\rrac{1}{2}MVv_0"2

\]

- POTENTIAL ENERGY AT THE START:

\[

PE=MGH O

\]

- KINETIC ENERGY JUST BEFORE IMPACT:

\[

KE_F=\rrAc{13}{2} M V"2

\]

SINCE ENERGY CONSERVATION (NEGLECTING AIR RESISTANCE) INDICATES:
\[

PE_{inTiaL} + KE_{inTIAL} = KE_{FINAL}
\]

THE INITIAL POTENTIAL ENERGY:

\[

PE =M \TiMes 9.80 \TiMes 44.0

\]

THE INITIAL KINETIC ENERGY

\[

KE 1= \rrAc{TH2} M \TiMes 15.0%2=112.5M
\]

THE TOTAL ENERGY AT THE START:

\[

E {ToTAL}=PE +KE_|

\]

AT IMPACT, KINETIC ENERGY:

\[
KE_F=\rrac{13}{2} M \TiMes 33.0"2
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