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(UNDERSTANDING THE DYNAMICS OF A BAR SUBJECTED TO VARIOUS FORCES AND MOMENTS IS FUNDAMENTAL IN MECHANICAL
ENGINEERING, STRUCTURAL ANALYSIS, AND PHYSICS. IN THIS CASE, WE EXAMINE A BAR WITH A MASS OF 10 KG, INFLUENCED BY A
coupLE MOMENT ofF 50 NM AND A FORCE oF 80 N. ANALYZING SUCH A SYSTEM REQUIRES A COMPREHENSIVE APPROACH THAT
CONSIDERS THE EFFECTS OF BOTH FORCES AND MOMENTS ON THE BAR'S EQUILIBRIUM, STRESS DISTRIBUTION, AND POTENTIAL

DEFORMATION. THIS ARTICLE OFFERS AN IN-DEPTH EXPLORATION OF THESE ASPECTS, PROVIDING VALUABLE INSIGHTS INTO THE
MECHANICS INVOLVED.

OVERVIEW OF THE SYSTEM

PHYsIcAL DESCRIPTION OF THE BAR

THE BAR UNDER CONSIDERATION IS CHARACTERIZED BY THE FOLLOWING PARAMETERS:
e Mass (M): 10ka
o LenaTH (L): [SPECIFY LENGTH, E.G., 2 METERS] (IF KNOWN)
® MATERIAL PROPERTIES: [SPECIFY, E.G., STEEL, ALUMINUM] (IF KNOWN)

o CROSS-SECTIONAL AREA: [SPECIFY, E.G., 0.0 1 M?] (IF kNOWN)

UNDERSTANDING THESE PARAMETERS IS ESSENTIAL IN CALCULATING THE BAR'S WEIGHT, STRESS, AND DEFORMATION UNDER
APPLIED LOADS.

APPLIED LOADS AND MOMENTS

THE SYSTEM INVOLVES:
1. Arorce P =80 N, WHICH COULD BE A TENSILE, COMPRESSIVE, OR LATERAL FORCE DEPENDING ON THE CONFIGURATION.

2. A couprLE MOMENT M = 50 NM, WHICH INTRODUCES A ROTATIONAL EFFECT WITHOUT PRODUCING A NET FORCE.

THE COMBINED EFFECTS OF THESE LOADS INFLUENCE THE OVERALL BEHAVIOR OF THE BAR, INCLUDING ITS INTERNAL STRESSES AND
POTENTIAL FOR BENDING OR TWISTING.

FUNDAMENTAL CONCEPTS IN MECHANICAL ANALYSIS

EQuiLiBrIUM CONDITIONS

FOR THE BAR TO BE IN STATIC EQUILIBRIUM:

® THE SUM OF ALL FORCES MUST BE ZERO.



® THE SUM OF ALL MOMENTS ABOUT ANY POINT MUST BE ZERO.

MATHEMATICALLY, THIS IS EXPRESSED AS:

\[

\sum \vec{F} = 0 \quap \TexT{anp} \Quap \sum \vec{M} =0
\]

UNDERSTANDING THESE CONDITIONS HELPS DETERMINE THE INTERNAL FORCES AND MOMENTS WITHIN THE BAR.

TyPes oF LOADS AND RESPONSES

THE BAR RESPONDS DIFFERENTLY DEPENDING ON THE NATURE OF APPLIED LOADS:
® AXIAL LOADS: TENSION OR COMPRESSION ALONG THE LENGTH.
* BENDING MOMENTS: CAUSES CURVATURE AND STRESS DISTRIBUTION ACROSS THE CROSS-SECTION.

® TWISTING OR TORSION: RESULT FROM APPLIED MOMENTS CAUSING ROTATIONAL DEFORMATION.

IN THIS SCENARIO, THE COUPLE MOMENT PRIMARILY INDUCES TORSION, WHILE THE FORCE MAY INTRODUCE AXIAL OR BENDING
STRESSES DEPENDING ON ITS ORIENTATION.

ANALYZING THE EFFECTS OF THE FORCE AND CouPLE MOMENT

CALCULATING THE WEIGHT OF THE BAR

THe WeIGHT (\W/) OF THE BAR IS GIVEN BY:

\[

W =m\TIMES G

\]

wHERE \( G \) IS THE ACCELERATION DUE TO GRAVITY (~9.8 1 M/s2):

\[
W =10 \TMes .81 = 98.1 \texT{ N}

THIS WEIGHT ACTS DOWNWARD AND MUST BE CONSIDERED IN EQUILIBRIUM CALCULATIONS, ESPECIALLY IF THE BAR IS
SUPPORTED OR FIXED AT CERTAIN POINTS.

EFFecT oF THE Force P = 80 N

DEPENDING ON THE DIRECTION AND POINT OF APPLICATION:
e [FP ACTS AXIALLY (ALONG THE LENGTH), IT CAUSES TENSILE OR COMPRESSIVE STRESS.

e |FP ACTS LATERALLY (PEEPENDICULAR TO THE LENGTH), IT INDUCES BENDING AND SHEAR STRESSES.

THE MAGNITUDE OF THE STRESS CAN BE CALCULATED USING:

\l

\siaMa = \Frrac{Force}{Area}

\]

WHICH HELPS ASSESS WHETHER THE MATERIAL CAN WITHSTAND THESE STRESSES WITHOUT FAILURE.



ErFecT oF THE CouPLE MOMENT M = 50 NM

A COUPLE INTRODUCES A PURE MOMENT CAUSING ROTATION:

® TORSIONAL STRESS IN THE BAR DEPENDS ON THE TORSION FORMULA!:

\[
\Tau = \rrAc{T \TiMes r}{J}
\]

WHERE:
1. \(T=M=50\text{NM} \)
2. \(r \): OUTER RADIUS OF THE CROSS-SECTION

3. \(J \): POLAR MOMENT OF INERTIA OF THE CROSS-SECTION

® THE RESULTING TWIST CAN BE CALCULATED FROM THE TORSION FORMULA:

\[
\THeTA = \FRAC{T \TiMes L}{G \TiMes J3

\]

wHERE \( G \) IS THE SHEAR MODULUS OF THE MATERIAL.

THIS ANALYSIS HELPS PREDICT HOW MUCH THE BAR WILL TWIST UNDER THE APPLIED COUPLE.

INTERNAL FORCE AND STRESS DISTRIBUTION ANALYSIS

AXIAL AND BENDING STRESSES

THE COMBINED STRESSES DEPEND ON:

® THE AXIAL FORCE COMPONENT:

\[
\sicMa_{axiaL} = \rrac{P}{A}
\]

e THE BENDING MOMENT'S EFFECT, WHICH CAUSES A BENDING STRESS DISTRIBUTION ACROSS THE CROSS-SECTION:

\l

\sicma_{BenDING} = \FRAC{M v \TiMes c3{I}
\]
WHERE:
1. \(M_v \): BENDING MOMENT ABOUT THE NEUTRAL AXIS

2. \( ¢ \): DISTANCE FROM THE NEUTRAL AXIS TO THE OUTER FIBER

3. \(1'\): MOMENT OF INERTIA OF THE CROSS-SECTION



THE TOTAL STRESS AT A GIVEN POINT IS THE SUPERPOSITION OF THESE STRESSES.

ToRrSIONAL STRESS

THE TORSIONAL SHEAR STRESS IS UNIFORM ACROSS THE CROSS-SECTION AND CALCULATED AS:

\[
\Tau = \rrAac{T \TiMes r}{J}

\]

THIS SHEAR STRESS CAN LEAD TO SHEAR FAILURE IF IT EXCEEDS THE MATERIAL'S SHEAR STRENGTH.

DesiGN CONSIDERATIONS AND SAFETY FACTORS

MATERIAL SELECTION

CHOOSING THE APPROPRIATE MATERIAL IS CRITICAL TO WITHSTAND COMBINED STRESSES:
L4 STEEL/ ALUMINUM, OR COMPOSITE MATERIALS DEPENDING ON THE APPLICATION.

® MATERIAL PROPERTIES LIKE YIELD STRENGTH, SHEAR MODULUS, AND FATIGUE LIMIT INFLUENCE THE DESIGN.

Cross-SEcTION DESIGN

DESIGNING THE CROSS-SECTION INVOL VES:
1. ENSURING ADEQUATE MOMENT OF INERTIA \( | \) FOR BENDING RESISTANCE.
2. CHOOSING DIMENSIONS TO HANDLE TORSIONAL STRESSES WITHOUT FAILURE.

3. PROVIDING SUFFICIENT CROSS-SECTIONAL AREA TO RESIST AXIAL LOADS.

INCORPORATING SAFETY FACTORS

APPLYING SAFETY FACTORS ACCOUNTS FOR UNCERTAINTIES:
® TYPICALLY RANGING FROM 1.5 TO 3, DEPENDING ON THE CRITICALITY.

® ENSURES THE BAR CAN WITHSTAND UNEXPECTED LOADS OR MATERIAL IMPERFECTIONS.

PRACTICAL APPLICATIONS AND ENGINEERING IMPLICATIONS

STRUCTURAL COMPONENTS

BARS SUBJECTED TO COMBINED LOADING ARE COMMON IN:



® BRIDGES AND FRAMEWORKS
e MECHANICAL SHAFTS AND AXLES

e ROBOTIC ARMS

MecHANICAL DesIGN AND OPTIMIZATION

UNDERSTANDING THE INTERPLAY OF FORCES AND MOMENTS ALLOWS ENGINEERS TO:
e OPTIMIZE MATERIAL USAGE
® ENHANCE SAFETY AND DURABILITY

® REDUCE WEIGHT WITHOUT COMPROMISING STRENGTH

MAINTENANCE AND MONITORING

REGULAR INSPECTION BASED ON STRESS ANALYSIS CAN:
e DETECT EARLY SIGNS OF FATIGUE OR WEAR
® PREVENT CATASTROPHIC FAILURES

o GUIDE MAINTENANCE SCHEDULES

SUMMARY AND KEY T AKEAWAYS

- THE SYSTEM INVOLVES A 10 KG BAR EXPERIENCING A 50 NM COUPLE MOMENT AND AN 80O N FORCE, LEADING TO COMPLEX
INTERNAL STRESS DISTRIBUTIONS.

- ACCURATE ANALYSIS REQUIRES CONSIDERING WEIGHT, FORCES, MOMENTS, AND MATERIAL PROPERTIES.

- THE COMBINED EFFECTS OF AXIAL, BENDING, AND TORSIONAL STRESSES INFLUENCE THE BAR’S STRUCTURAL INTEGRITY.

- ProPER DESIGN, MATERIAL CHOICE, AND SAFETY CONSIDERATIONS ARE ESSENTIAL IN ENGINEERING APPLICATIONS INVOLVING
SUCH LOADS.

- UNDERSTANDING THESE PRINCIPLES ENABLES ENGINEERS TO DEVELOP SAFE, EFFICIENT, AND COST-EFFECTIVE MECHANICAL
SYSTEMS.

IN CONCLUSION, ANALYZING A BAR SUBJECTED TO A COUPLE MOMENT AND AN EXTERNAL FORCE INVOLVES A THOROUGH
UNDERSTANDING OF STATIC EQUILIBRIUM, STRESS DISTRIBUTION, MATERIAL BEHAVIOR, AND SAFETY FACTORS. \W/HETHER USED IN
STRUCTURAL ENGINEERING, MACHINERY, OR ROBOTICS, SUCH ANALYSIS IS VITAL FOR ENSURING THE RELIABILITY AND LONGEVITY
OF THE COMPONENTS INVOLVED.

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE SIGNIFICANCE OF THE COUPLE MOMENT OF 50 NM ACTING ON THE BAR?

THE couPLE MOMENT OF 50 NM REPRESENTS THE ROTATIONAL FORCE APPLIED TO THE BAR, WHICH CAUSES IT TO ROTATE OR
RESIST ROTATION DEPENDING ON THE DIRECTION, INFLUENCING ITS ANGULAR MOTION.



How DoEes THE APPLIED FORCE OF 80 N AFFECT THE BAR'S MOTION?

THE 80 N FORCE APPLIES A LINEAR FORCE TO THE BAR, WHICH CAN PRODUCE A TRANSLATIONAL ACCELERATION DEPENDING ON
THE DIRECTION AND POINT OF APPLICATION, IN ACCORDANCE WITH NEWTON'S SECOND LAW.

How CAN WE DETERMINE THE ANGULAR ACCELERATION OF THE BAR GIVEN THE COUPLE
MOMENT AND MASS?

THE ANGULAR ACCELERATION CAN BE CALCULATED USING THE RELATION T = |A, WHERE T IS THE COUPLE MOMENT (50 NM),
AND | IS THE MOMENT OF INERTIA OF THE BAR. KNOWING |, A =T / |.

\WHAT IS THE ROLE OF THE BAR'S MASS IN ANALYZING ITS DYNAMIC RESPONSE TO
FORCES AND MOMENTS?

THE MASS OF 10 KG INFLUENCES THE BAR’S INERTIA AND HOW IT RESPONDS TO LINEAR FORCES, WHILE ITS DISTRIBUTION
AFFECTS THE MOMENT OF INERTIA, IMPACTING ROTATIONAL MOTION ANALYSIS.

How WouLD YOU COMPUTE THE NET TORQUE ACTING ON THE BAR?

To COMPUTE THE NET TORQUE, CONSIDER ALL APPLIED MOMENTS, SUCH AS THE GIVEN COUPLE OF 50 NM AND THE TORQUE
GENERATED BY THE FORCE P AT ITS POINT OF APPLICATION, FACTORING IN THEIR DIRECTIONS AND DISTANCES.

\WHAT ADDITIONAL INFORMATION IS NEEDED TO FULLY ANALYZE THE ROTATIONAL AND
TRANSLATIONAL MOTION OF THE BAR?

DETAILS LIKE THE POINT OF APPLICATION OF THE FORCE P, THE BAR'S LENGTH, THE DIRECTION OF FORCES AND MOMENTS, AND
THE DISTRIBUTION OF MASS ARE NEEDED FOR A COMPLETE ANALYSIS OF ITS MOTION.

ADDITIONAL RESOURCES
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IN THE REALM OF MECHANICAL ENGINEERING AND PHYSICS, UNDERSTANDING HOW DIFFERENT FORCES AND MOMENTS INFLUENCE A
STRUCTURAL COMPONENT IS CRUCIAL. AMONG THESE COMPONENTS, A SIMPLE BAR MIGHT SEEM STRAIGHTFORWARD AT FIRST
GLANCE, BUT WHEN SUBJECTED TO VARIOUS LOADS AND MOMENTS, ITS BEHAVIOR CAN BECOME QUITE COMPLEX. TODAY, WE
DELVE INTO A SPECIFIC SCENARIO INVOLVING A BAR WITH A MASS ofF 10 KILOGRAMS, SUBJECTED SIMULTANEOUSLY TO A
COUPLE MOMENT OF 50 NEWTON-METERS AND A FORCE OF 80 NEWTONS. THIS CASE OFFERS A COMPELLING INSIGHT INTO THE
PRINCIPLES OF STATICS AND DYNAMICS, ILLUSTRATING HOW ENGINEERS ANALYZE AND PREDICT THE RESPONSE OF STRUCTURAL
ELEMENTS UNDER COMBINED LOADING CONDITIONS.

THE FUNDAMENTAL SETUP: UNDERSTANDING THE COMPONENTS

BEFORE ANALYZING THE BEHAVIOR OF THE BAR UNDER THE GIVEN LOADS, IT’S ESSENTIAL TO UNDERSTAND WHAT EACH ELEMENT
ENTAILS.

THe BArR’s PHYsIcAL CHARACTERISTICS

- Mass (M): 10 kG

- AssuMED LenGTH (L): NOT SPECIFIED, BUT CRITICAL FOR DETAILED CALCULATIONS; TYPICAL ASSUMPTIONS OR GIVEN
DIMENSIONS INFLUENCE THE ANALYSIS.

- MATERIAL PROPERTIES: NOT PROVIDED BUT OFTEN ASSUMED TO BE UNIFORM AND RIGID FOR INITIAL STATIC ANALYSIS.
- CeNTER OF MASS: FOR UNIFORM BARS, THE CENTER OF MASS IS AT THE MIDPOINT UNLESS OTHERWISE SPECIFIED.



EXTERNAL LOADS AND MOMENTS

- CoupLE MoMenT (M): 50 NMm

- A COUPLE IS A PAIR OF EQUAL AND OPPOSITE FORCES WHOSE LINES OF ACTION DO NOT COINCIDE, CREATING A PURE
ROTATION WITHOUT TRANSLATION.

- Force (P): 8ON

- AN EXTERNAL FORCE ACTING ON THE BAR, POSSIBLY AT A SPECIFIC POINT OR ALONG A PARTICULAR LINE.

UNDERST ANDING HOW THESE LOADS INTERACT IS FUNDAMENTAL FOR ASSESSING THE BAR’S BEHAVIOR, INCLUDING STRESS,
STRAIN, AND POTENTIAL ROTATION.

ANALYZING THE STATIC EQUILIBRIUM

IN STATIC CONDITIONS, THE BAR IS ASSUMED TO BE AT REST WITH NO ACCELERATION, MEANING THE SUM OF FORCES AND
MOMENTS ACTING ON IT MUST BE ZERO.

ForcE EQUILIBRIUM

THE FORCES ACTING ON THE BAR CAN BE CATEGORIZED AS:

- VERTICAL AND HORIZONTAL FORCES: DEPENDING ON THE ORIENTATION, FORCES P AND ANY REACTION FORCES AT SUPPORTS
BALANCE EACH OTHER.

- WEIGHT OF THE BAR: THE GRAVITATIONAL FORCE \( W =M = 10 \TiMes 9.8 1 \approx 98.7\, \TexT{N} \).

For SIMPLICITY, ASSUME THE FORCE P ACTS VERTICALLY DOWNWARD AT A KNOWN POINT, AND THE COUPLE M IS APPLIED AT A
SPECIFIC LOCATION TO INDUCE ROTATION.

MOMENT EQUILIBRIUM

THE MOMENTS ABOUT ANY POINT, OFTEN CHOSEN AS ONE END OF THE BAR, MUST BALANCE!:

\[
\sumM =0
\]

THIS INCLUDES CONTRIBUTIONS FROM:
- THe coupLe MOMENT \( M = 50\, \TexT{Nm} \).

- THE MOMENT DUE TO THE FORCE P (IF ACTING AT A DISTANCE \( D \) FROM THE PIVOT).
- THE WEIGHT OF THE BAR (ACTING AT ITS CENTER OF MASS).

CALCULATING THE RESPONSE: STRESS AND ROTATION

THE COMBINED EFFECT OF THE APPLIED COUPLE AND FORCE LEADS TO BOTH ROTATIONAL AND TRANSLATIONAL RESPONSES IN
THE BAR.

BENDING MOMENTS AND STRESS DISTRIBUTION

W/HEN A FORCE IS APPLIED AT THE END OF A BEAM OR BAR, IT PRODUCES A BENDING MOMENT ALONG ITS LENGTH:

\[
M B=P \TiMES D

\]

\WHERE \( D \) IS THE PERPENDICULAR DISTANCE FROM THE POINT OF APPLICATION TO THE PIVOT OR SUPPORT.



THE MAXIMUM BENDING STRESS AT ANY POINT ALONG THE BAR CAN BE ESTIMATED BY:

\l

\sicMA = \FRAC{M_{mMax]} \TiMES c}{I}

\]

\WHERE!:

- \(M_{mMAX3 \): MAXIMUM BENDING MOMENT.
-\( ¢ \): DISTANCE FROM THE NEUTRAL AXIS TO THE OUTER FIBER (HALF THE HEIGHT FOR A RECTANGULAR CROSS-SECTION).
= \(1'\): MOMENT OF INERTIA OF THE CROSS-SECTION.

FOR A UNIFORM CROSS-SECTION, CALCULATING \( | \) IS STRAIGHTFORWARD, BUT SPECIFICS DEPEND ON THE ACTUAL
GEOMETRY.

RoTATION INDUCED BY THE COUPLE MOMENT

THe coupLE \( M \) TENDS TO ROTATE THE BAR ABOUT ITS PIVOT. THE ANGULAR DISPLACEMENT \( \THETA \) can BE
ESTIMATED USING THE TORSIONAL STIFFNESS OR BY ANALYZING THE TORSIONAL RESPONSE IF THE BAR IS TWISTED.

ASSUMING THE BAR BEHAVES AS A RIGID BODY FOR INITIAL APPROXIMATION, THE ANGULAR ROTATION ABOUT THE PIVOT DUE
TO THE COUPLE IS:

\l
\THETA = \FrAC{M}HK}
\]

\WHERE \( K \) IS THE TORSIONAL STIFFNESS, DEPENDENT ON THE MATERIAL AND CROSS-SECTIONAL PROPERTIES.

DyNaMIC CONSIDERATIONS AND SAFETY FACTORS

W/HILE THE INITIAL ANALYSIS ASSUMES STATIC EQUILIBRIUM, REAL-WORLD APPLICATIONS DEMAND CONSIDERING DYNAMIC
EFFECTS AND SAFETY MARGINS.

DYNAMIC EFFECTS

- VIBRATIONS: SUDDEN APPLICATION OF LOADS CAN INDUCE VIBRATIONS, WHICH COULD AMPLIFY STRESSES.
- RESONANCE: IF THE NATURAL FREQUENCY OF THE BAR MATCHES THE FREQUENCY OF EXTERNAL FORCES, RESONANCE COULD
OCCUR, LEADING TO FAILURE.

SAFETY FACTORS

ENGINEERS INCORPORATE SAFETY FACTORS TO ACCOUNT FOR UNCERTAINTIES IN MATERIAL PROPERTIES, LOAD ESTIMATIONS,
AND UNFORESEEN DYNAMIC EFFECTS. FOR EXAMPLE, A SAFETY FACTOR OF 2 WOULD MEAN DESIGNING THE BAR TO WITHSTAND
160 N INsTEAD OF 80 N, OR ADJUSTING THE ALLOWABLE STRESS LIMITS ACCORDINGLY.

PRACTICAL APPLICATIONS AND IMPLICATIONS

UNDERSTANDING THE BEHAVIOR OF A BAR UNDER COMBINED FORCES AND MOMENTS IS VITAL ACROSS VARIOUS ENGINEERING
DOMAINS:

- STRUCTURAL ENGINEERING: BEAMS AND SUPPORTS IN BUILDINGS AND BRIDGES OFTEN EXPERIENCE SIMILAR LOAD COMBINATIONS.
- MECHANICAL DESIGN: SHAFTS/ LEVERS, AND ROBOTIC ARMS MUST WITHSTAND MOMENTS AND FORCES WITHOUT EXCESSIVE
DEFORMATION OR FAILURE.

- AEROSPACE AND AUTOMOTIVE: COMPONENTS SUBJECTED TO DYNAMIC LOADS REQUIRE PRECISE ANALYSIS TO ENSURE SAFETY



AND DURABILITY.

CONCLUDING THOUGHTS: THE INTERPLAY OF FORCES AND MOMENTS

THIS SCENARIO UNDERSCORES THE IMPORTANCE OF HOLISTIC ANALYSIS IN ENGINEERING. THE INTERACTION BETWEEN THE COUPLE
MOMENT OF 50 NM AND THE FORCE OF 80 N oN A 10 KG BAR INVOLVES UNDERSTANDING STATIC EQUILIBRIUM, STRESS
DISTRIBUTION, AND POTENTIAL DEFORMATION. ENGINEERS MUST CONSIDER NOT JUST THE IMMEDIATE EFFECTS BUT ALSO DYNAMIC
BEHAVIORS AND SAFETY MARGINS TO ENSURE STRUCTURAL INTEGRITY.

W/HILE THE SPECIFICS DEPEND HEAVILY ON THE BAR’S GEOMETRY, MATERIAL PROPERTIES, AND THE POINTS OF APPLICATION OF
FORCES, THE FUNDAMENTAL PRINCIPLES REMAIN CONSISTENT. THROUGH CAREFUL CALCULATION AND ANALYSIS, ENGINEERS CAN
PREDICT HOW SUCH A COMPONENT WILL PERFORM UNDER GIVEN LOADS, ENSURING SAFETY, RELIABILITY, AND EFFICIENCY IN
COUNTLESS APPLICATIONS.

IN SUMMARY, EXAMINING A SEEMINGLY SIMPLE ELEMENT LIKE A BAR UNDER COMBINED LOADS REVEALS THE INTRICATE BALANCE OF
FORCES AND MOMENTS THAT UNDERPIN MODERN ENGINEERING DESIGN. |T SHOWCASES THE BLEND OF THEORETICAL PHYSICS,
MATERIAL SCIENCE, AND PRACTICAL CONSIDERATIONS THAT KEEP OUR BRIDGES STANDING, OUR MACHINERY FUNCTIONING, AND
OUR VEHICLES SAFE ON THE ROAD.
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