
 
CONTENTS 

 

Contents.........................................................................................................................................................................i 
Answering Ranking Tasks .........................................................................................................................................ix 

nTex-RT1: Stacked Blocks—Mass of Stack ...........................................................................................................ix 
nTpractice-RT2: Stacked Blocks—Number of Blocks.............................................................................................x 
nTpractice-RT3: Stacked Blocks—Average Mass ...................................................................................................x 

nT1 Preliminaries ........................................................................................................................................................1 
nT1A-RT1: Cutting up a Block—Density ................................................................................................................1 
nT1A-WWT2: Cutting up a Block—Density ...........................................................................................................2 
nT1A-CCT3: Breaking up a Block—Density...........................................................................................................3 
nT1A-QRT4: Slicing up a Block—Mass & Density ................................................................................................4 
nT1A-QRT5: Cylindrical Rods with Same Mass—Volume, Area, and Density......................................................5 
nT1A-BCT6: Four Blocks—Mass and Density........................................................................................................6 
nT1B-CT7: Scale Model Planes—Surface Area and Weight ...................................................................................7 

nT2 Vectors ..................................................................................................................................................................8 
nT2A-QRT1: Vectors on a Grid I—Magnitudes ......................................................................................................8 
nT2A-RT2: Vectors on a Grid I—Magnitudes .........................................................................................................9 
nT2A-QRT3: Vectors on a Grid II—Directions .....................................................................................................10 
nT2B-CCT4: Adding Two Vectors—Magnitude of the Resultant .........................................................................11 
nT2B-QRT5: Vectors on a Grid III—Graphical Representation of Sum ...............................................................12 
nT2B-RT6: Vectors I—Resultant Magnitudes of Adding Two Vectors ................................................................13 
nT2B-CCT7: Combining Two Vectors—Resultant................................................................................................14 
nT2B-CT8: Combining Vectors—Magnitude of Resultant ....................................................................................15 
nT2B-QRT9: Vector Combination II—Direction of Resultant ..............................................................................16 
nT2C-CCT10: Two Vectors—Vector Difference...................................................................................................17 
nT2C-CT11: Two Vectors—Vector Sum and Difference ......................................................................................18 
nT2C-RT12: Addition and Subtraction of Three Vectors I—Magnitude ...............................................................19 
nT2C-RT13: Addition and Subtraction of Three Vectors II—Direction of Resultant............................................20 
nT2C-RT14: Addition and Subtraction of Three Vectors II—Magnitude of Resultant..........................................21 
nT2D-QRT15: Vector Combinations III—Components of the Resultant Vector...................................................22 
nT2D-QRT16: Force Vectors—Properties of Components....................................................................................23 
nT2D-QRT17: Velocity Vectors—Properties of Components ...............................................................................24 
nT2D-CCT18: Vector—Resolution into Components............................................................................................25 
nT2D-CT19: Vector on Rotated Axes—Components ............................................................................................26 
nT2D-CCT20: Vector Components—Resultant Vectors........................................................................................27 
nT2E-WBT21: Calculations with Four Vectors—Vector Operation......................................................................28 
nT2E-WBT22: Vectors on a Grid—Scalar (Dot) Product Expression ...................................................................29 
nT2E-WBT23: Vectors on a Grid—Vector (Cross) Product ..................................................................................30 
nT2E-QRT24: Vectors on a Grid—Product Expressions That Are Zero ...............................................................31 

nT3 Motion in One Dimension .................................................................................................................................32 
nT3A-WWT1: Velocity vs. Time Graph II—Acceleration vs. Time Graph ..........................................................32 
nT3A-CT2: Velocity vs. Time Graphs—Displacement..........................................................................................33 
nT3A-WWT3: Acceleration vs. Time Graph—Velocity vs. Time Graph ..............................................................34 
nT3A-WWT4: Velocity vs. Time Graph—Acceleration vs. Time Graph ..............................................................35 
nT3A-CRT5: Acceleration vs. Time Graph—Velocity vs. Time Graph ................................................................36 
nT3A-CRT6: Velocity vs. Time Graph—Acceleration vs. Time Graph ................................................................37 
nT3A-CT7: Velocity vs. Time Graphs of Two Objects I—Displacement..............................................................38 
nT3A-CT8: Velocity vs. Time Graphs of Two Objects II—Displacement ............................................................39 
nT3A-RT9: Velocity vs. Time Graphs—Displacement..........................................................................................40 
nT3A-WWT10: Ball Thrown Upward and Comes Back Down—Velocity vs. Time Graph..................................41 
nT3A-WWT11: Velocity vs. Time Graph of Two Objects—Fastest Object..........................................................42 



nTIPERs Not for distribution  
 

ii

nT3A-CRT12: Traveling Students—Velocity vs. Time Graph ..............................................................................43 
nT3A-CCT13: Velocity vs. Time Graph—Displacement ......................................................................................44 
nT3A-RT14: Velocity vs. Time Graphs—Distance Traveled ................................................................................45 
nT3A-BCT15: Velocity vs. Time Graph—Distance Traveled ...............................................................................46 
nT3A-CCT16: Velocity vs. Time Graphs of Two Objects I—Displacement .........................................................47 
nT3A-CCT17: Velocity vs. Time Graphs of Two Objects II—Displacement........................................................48 
nT3A-CRT18: Velocity vs. Time Graphs of Two Objects I—Velocity Equations ................................................49 
nT3A-CCT19: Ball Thrown Upward and Comes Back Down—Acceleration .......................................................50 
nT3A-QRT20: Kinematics Graphs—Change Direction.........................................................................................51 
nT3A-QRT21: Position Time Graphs of Two Children—Kinematics ...................................................................52 
nT3B-WWT22: Motion Equations in One Dimension—Average Velocity ...........................................................53 
nT3B-WBT23: Position Equation—Physical Situation..........................................................................................54 
nT3B-CCT24: Bicyclist on a Straight Road—Average Speed ...............................................................................55 
nT3C-WWT25: Acceleration vs. Time Graph—Final Velocity .............................................................................56 
nT3C-QRT26: Motion Equations in One Dimension—Location, Velocity, & Acceleration .................................57 
nT3C-RT27: Position as a Function of Time Equations—Instantaneous Speed ....................................................58 
nT3C-RT28: Velocity vs. Time Graphs—Instantaneous Velocity .........................................................................59 
nT3C-RT29: Velocity vs. Time Graphs—Acceleration .........................................................................................60 
nT3C-RT30: Position vs. Time Graphs—Instantaneous Speed..............................................................................61 
nT3C-RT31: Position vs. Time Graphs—Displacement ........................................................................................62 
nT3C-RT32: Position vs. Time Graphs—Instantaneous Velocity..........................................................................63 
nT3C-CCT33: Position Time Equation—Instantaneous Speed..............................................................................64 
nT3C-QRT34: Position Time Equation—Velocity and Acceleration Equation .....................................................65 
nT3E-QRT35: Position, Velocity, & Acceleration Signs—Position, Direction, & Rate........................................66 
nT3E-WWT36: Velocity vs. Time Graphs—Acceleration.....................................................................................67 
nT3E-QRT37: Position, Velocity, & Acceleration Signs II—Position, Direction, & Rate ....................................68 
nT3F-WWT38: Bicyclist on a Hill—Velocity vs. Time Graph..............................................................................69 
nT3F-RT39: Velocity vs. Time Graphs—Displacement of Identical Objects ........................................................70 
nT3F-RT40: Velocity vs. Time Graphs—Average Velocity of Identical Objects..................................................71 
nT3F-RT41: Velocity vs. Time Graphs—Acceleration of Identical Objects..........................................................72 
nT3G-QRT42: Position vs. Time Graphs—Acceleration and Velocity..................................................................73 

nT4 Motion in Two Dimensions ...............................................................................................................................74 
nT4A-CT1: Motorcycle Trips I—Displacement.....................................................................................................74 
nT4A-CCT2: Motorcycle Trips II—Displacement.................................................................................................75 
nT4B-RT3: Students’ Journeys—Average Velocity ..............................................................................................76 
nT4B-WWT4: Falling Rock and Thrown Rock—Velocity Graphs .......................................................................77 
nT4B-CCT5: Car on a Country Road—Average Speed and Velocity....................................................................78 
nT4B-QRT6: Velocity & Position of the Moon—Velocity Change Direction.......................................................79 
nT4C-CCT7: Motorcycle on Road Course—Acceleration.....................................................................................80 
nT4C-CCT8: Truck Slowing Down—Average Acceleration Direction.................................................................81 
nT4C-CT9: Ice Gliders on a Frozen Lake—Average Acceleration........................................................................82 
nT4C-WWT10: Speedboats Changing Velocities—Acceleration ..........................................................................83 
nT4C-QRT11: Motion Equations in Two Dimension—Location, Velocity, & Acceleration ................................84 
nT4D-QRT12: Constant Speed Car on Oval Track—Acceleration & Velocity Directions....................................85 
nT4D-QRT13: Car on Oval Track—Direction of the Acceleration and Velocity ..................................................86 
nT4D-QRT14: Car on Track—Direction of the Acceleration and Velocity...........................................................87 
nT4E-CCT15: Rifle Shots—Time to Hit Ground...................................................................................................88 
nT4E-QRT16: Projectile Motion—Velocity and Acceleration Graphs ..................................................................89 
nT4E-WWT17: Projectile Motion—Velocity and Acceleration Graphs ................................................................90 
nT4E-QRT18: Projectile Motion—Velocity and Acceleration Graphs for Two Rocks .........................................91 
nT4E-QRT19: Projectile Motion for Two Rocks—Velocity and Acceleration Graphs I .......................................92 
nT4E-QRT20: Projectile Motion for Two Rocks—Velocity and Acceleration Graphs II......................................93 
nT4E-QRT21: Baseball Projectile Motion—Velocity and Acceleration Graphs ...................................................94 
nT4E-CRT22: Projectile Motion for Two Rocks—Velocity and Acceleration Graphs II......................................95 
nT4E-LMCT23: Dropped Practice Bomb—Landing Point ....................................................................................96 



nTIPERs 
 

iii

nT4E-LMCT24: Cannonball Fired from an Elevated Cannon—Maximum Height ...............................................97 
nT4E-CT25: Toy Trucks Rolling Off Tables with Different Heights—Time ........................................................98 
nT4E-CT26: Toy Trucks with Different Speeds Rolling Off Identical Tables—Time ..........................................99 
nT4E-CT27: Projectile Motion for Two Rocks—Velocity and Acceleration.......................................................100 
nT4E-CRT28: Projectile Motion for Two Rocks—Velocity and Acceleration....................................................101 

nT5 Laws of Motion ................................................................................................................................................102 
nT5A-RT1: Moving Spaceship with Four Cargo Pods—Tension in Rods...........................................................102 
nT5A-RT2: Carts on Inclines—Magnitude of the Net Force ...............................................................................103 
nT5A-RT3: Moving Spaceships with Two Cargo Pods—Tension in Rods .........................................................104 
nT5B-RT4: Curler Pushing Stone—Force on Stone.............................................................................................105 
nT5B-RT5: Tugboat Pushing Barges—Force Tugboat Exerts on Lead Barge.....................................................106 
nT5B-RT6: Tugboat Pushing Barges—Force Tugboat Exerts on First Barge .....................................................107 
nT5B-CT7: Curler Pushing Stone—Force on Stone.............................................................................................108 
nT5B-WBT8: Three Equations—Physical Situation ............................................................................................109 
nT5B-RT9: Time-Varying Force on a Cart—Acceleration ..................................................................................110 
nT5B-RT10: Blocks Floating in Liquids—Force Exerted by Liquid ...................................................................111 
nT5B-RT11: Mass on a Stretched Horizontal Spring System—Initial Acceleration............................................112 
nT5B-QRT12: Student Pushing Two Blocks—Force...........................................................................................113 
nT5B-RT13: Ropes Pulling Identical Boxes—Rope Tension ..............................................................................114 
nT5B-RT14: Ropes Pulling Identical Boxes—Rope Tension ..............................................................................115 
nT5B-QRT15: Skateboard Rider Coasting Down a Hill—Acceleration and Net Force.......................................116 
nT5B-RT16: Ropes Pulling Boxes—Rope Tension .............................................................................................117 
nT5B-CT17: Ropes Pulling Boxes—Rope Tension .............................................................................................118 
nT5B-WWT18: Lifting Up a Pail—Strategy........................................................................................................119 
nT5B-CCT19: Block Moving at Constant Speed—Forces on Block ...................................................................120 
nT5B-WWT20: Velocity vs. Time Graphs—Net Force .......................................................................................121 
nT5B-CT21: Blocks Moving at Constant Speed—Force on Block......................................................................122 
nT5B-CRT22: Object Moving in One Dimension—Force vs. Time....................................................................123 
nT5B-WWT23: Pulling a Block Across a Rough Surface—Force Relationships ................................................124 
nT5B-CT24: Masses on a Pulley—Supporting Force ..........................................................................................125 
nT5B-CRT25: Velocity vs. Time—Force vs. Time..............................................................................................126 
nT5B-CT26: Spaceships Pulling Two Cargo Pods—Tension in Tow Rods.........................................................127 
nT5B-QRT27: Three Vectors—Resultant ............................................................................................................128 
nT5B-RT28: Moving Spaceship Pulling Four Cargo Pods—Tension in Tow Rods ............................................129 
nT5B-CT29: Spaceships Pulling Two Cargo Pods—Tension or Compression in Tow Rods ..............................130 
nT5B-RT30: Stacked Blocks Speeding Up on a Conveyor Belt—Net Force.......................................................131 
nT5B-RT31: Spaceships Moving Two Cargo Pods—Tension or Compression in Rods......................................132 
nT5C-QRT32: Thrown Baseball—Free-body Diagram at the Top ......................................................................133 
nT5C-WWT33: Box on Incline—Forces..............................................................................................................134 
nT5C-QRT34: Suitcase Speeding Up as it Slides Down Ramp—Forces on Suitcase..........................................135 
nT5C-WWT35: Thrown Baseball—Free-body Diagram for Ascending Baseball ...............................................136 
nT5C-QRT36: Suitcase Sliding Down Ramp at Constant Speed—Forces on Suitcase........................................137 
nT5C-TT37: Box on Box on Table—Free-body Diagrams ..................................................................................138 
nT5C-TT38: Thrown Baseball—Force Diagram..................................................................................................139 
nT5C-WWT39: Box on Incline—Force Diagram ................................................................................................140 
nT5C-RT40: Box Sliding on Moving Box on Table—Horizontal Forces in the Free-body Diagrams ................141 
nT5D-CT41: Identical Toy Truck Collisions—Force and Acceleration...............................................................142 
nT5D-CT42: Toy Truck Collisions—Force on Trucks ........................................................................................143 
nT5D-CT43: Toy Truck Collisions—Acceleration ..............................................................................................144 
nT5D-RT44: Stacked Blocks—Force Differences ...............................................................................................145 
nT5D-WWT45: Tennis Ball and Racquet—Force ...............................................................................................146 
nT5D-WWT46: Ball Hitting a Wall—Forces.......................................................................................................147 
nT5D-WWT47: Rock on Table—Forces and Reaction Forces ............................................................................148 
nT5D-LMCT48: Identical Toy Trucks Colliding Head-on—Force on Trucks.....................................................149 
nT5E-CT49: Person in an Elevator Moving Upward—Scale Reading.................................................................150 



nTIPERs Not for distribution  
 

iv

nT5E-CT50: Person in an Elevator Moving Downward—Scale Reading............................................................151 
nT5E-CT51: Person in an Elevator—Scale Reading ............................................................................................152 
nT5E-CT52: Skateboarder on Circular Bump—Weight and Normal Force.........................................................153 
nT5E-CT53: Block Held on Smooth Ramp—Weight and Normal Force ............................................................154 
nT5F-WWT54: Two Blocks at Rest—Normal Force...........................................................................................155 
nT5F-RT55: Boxes on Rough Vertical Surface—Normal Force on Wall ............................................................156 
nT5F-CCT56: Pulling Box over Rough Horizontal Surface—Normal Force by Surface ....................................157 
nT5F-QRT57: Stacked Blocks—Normal Forces ..................................................................................................158 
nT5G-RT58: System of Accelerating Blocks—Tension ......................................................................................159 
nT5G-RT59: Cart and Block—Mass of Hanging Block.......................................................................................160 
nT5G-CT60: Hanging Mirror—Tension ..............................................................................................................161 
nT5G-WWT61: Blocks on a Rough Incline—Tension ........................................................................................162 
nT5G-CCT62: Pulling a Crate Across Floor—Applied Force..............................................................................163 
nT5G-CCT63: Three Team Tug-of-War—Force Comparison.............................................................................164 
nT5G-WWT64: Blocks on a Rough Incline—Tension ........................................................................................165 
nT5G-CCT65: Child on a Swing—Tension .........................................................................................................166 
nT5G-CT66: Pulling a Crate Across Floor—Applied Force ................................................................................167 
nT5G-WWT67: Hanging Stone and Sliding Box—Free-body Diagrams ............................................................168 
nT5G-RT68: Cart and Hanging Block—Acceleration .........................................................................................169 
nT5G-RT69: Water Skiers—Tension ...................................................................................................................170 
nT5G-RT70: Hanging Blocks—Tension..............................................................................................................171 
nT5G-CCT71: Hanging Stone Connected to Box—Free-body Diagrams............................................................172 
nT5G-CCT72: Carts Moving Along Horizontal Surface—Acceleration..............................................................173 
nT5G-RT73: Hanging Stone Connected to Sliding Box on Rough Surface—Acceleration.................................174 
nT5G-CRT74: Hanging Stone Connected to a Sliding Box—Velocity vs. Time.................................................175 
nT5G-RT75: String Passing over a Pulley—Tension at Points ............................................................................176 
nT5G-CCT76: Strings Connected to a Ring—Tension in Strings........................................................................177 
nT5G-CCT77: String at Angle Passing over a Pulley—Tension at Points ...........................................................178 
nT5G-CCT78: Unequal Length Strings Connected to a Ring—Tension in Strings .............................................179 
nT5C-QRT79: Motorcyclist Slowing Down on Hill—Average Acceleration & Net Force.................................180 
nT5G-CT80: Ball Suspended from Ceiling by Two Strings—Tension ................................................................181 
nT5G-CT81: Gymnast Suspended by Two Ropes—Tension...............................................................................182 
nT5G-CT82: Mass Hanging Midway Between Two Walls—Tension .................................................................183 
nT5G-CCT83: Hanging Mass—Tension in Three Strings ...................................................................................184 
nT5G-CCT84: Two Connected Objects Accelerating Downward—Tension.......................................................185 
nT5G-RT85: Hanging Mass—String Tension......................................................................................................186 
nT5G-WWT86: Blocks on a Smooth Incline—Tension.......................................................................................187 
nT5G-CCT87: Blocks on a Smooth Incline—Tension.........................................................................................188 
nT5G-LMCT88: Two Connected Objects Accelerating Downward—Tension in Wire ......................................189 
nT5G-CT89: Blocks Moving at Constant Speed—Tension in Connecting String ...............................................190 
nT5G-WBT90: Newton’s Second Law Equations—Physical Situation...............................................................191 
nT5H-WBT91: Newton’s Second Law Equation—Physical Situation ................................................................192 
nT5H-WBT92: Newton’s Second Law Equation—Physical Situation ................................................................193 
nT5H-RT93: Block at Rest—Static Frictional Force............................................................................................194 
nT5H-CCT94: Box Pulled on Rough Horizontal Surface—Frictional Force on Box ..........................................195 
nT5H-CT95: Force on Box Moving over Horizontal Surface—Frictional Force on Box ....................................196 
nT5H-LMCT96: Box Pulled on Rough Horizontal Surface—Frictional Force on Box .......................................197 
nT5H-CRT97: Box Pulled on Rough Surface—Frictional Force vs. Time ..........................................................198 
nT5H-CCT98: Box on Rough Vertical Surface—Frictional Force on Box..........................................................199 
nT5H-RT99: Boxes on Rough Vertical Surface—Frictional Forces on the Wall.................................................200 
nT5H-QRT100: Moving Stacked Blocks—Friction Forces .................................................................................201 
nT5H-QRT101: Slowing Down Stacked Blocks—Friction Forces ......................................................................202 
nT5I-WWT102: Two Planetary Objects—Gravitational Force on Each..............................................................203 
nT5I-QRT103: Three Objects Exerting Gravitational Forces—Net Force...........................................................204 
nT5I-QRT104: Two Objects—Gravitational Force on Each................................................................................205 
nT5J-QRT105: Rotating Cylinders—Force, Acceleration, & Velocity Directions ..............................................206 



nTIPERs 
 

v

nT5J-RT106: Cars Going in Circles—Net Force .................................................................................................207 
nT5J-CCT107: Ball Whirled in Vertical Circle—Net Force on Ball....................................................................208 
 nT5J-RT108: Rotating Cylinders—Net Force Magnitude...................................................................................209 

nT6 Work and Energy ............................................................................................................................................210 
nT6A-WWT1: Object Changing Velocity—Work...............................................................................................210 
nT6A-CCT2: Bicyclist on a Straight Road—Work..............................................................................................211 
nT6A-WWT3: Boat Position vs. Time Graphs—Work........................................................................................212 
nT6A-BCT4: Tugboat Changing Velocity I—Work & Kinetic Energy Bar Chart ..............................................213 
nT6A-BCT5: Tugboat Changing Velocity II—Work & Kinetic Energy Bar Chart .............................................214 
nT6A-BCT6: Box Pulled on Rough Surface—Work & Kinetic Energy Bar Charts ............................................215 
nT6A-BCT7: Box Moving Upward I—Work & Kinetic Energy Bar Charts .......................................................216 
nT6A-BCT8: Box Moving Upward II—Work & Kinetic Energy Bar Charts......................................................217 
nT6A-BCT9: Box Moving Downward—Work & Kinetic Energy Bar Charts.....................................................218 
nT6A-BCT10: Box Attached to Spring—Work & Kinetic Energy Bar Charts....................................................219 
nT6B-RT11: Toboggans on a Horizontal Surface—Speed...................................................................................220 
nT6B-LMCT12: Block Pushed on Incline—Work Done .....................................................................................221 
nT6B-RT13: Stacked Blocks Sets—Work to Assemble.......................................................................................222 
nT6B-RT14: Velocity vs. Time Graphs for Identical Objects—Work Done .......................................................223 
nT6B-RT15: Velocity vs. Time Graphs for Different Objects—Work Done.......................................................224 
nT6B-CCT16: Blocks Sliding Down Frictionless Ramps—Work by the Normal Force .....................................225 
nT6B-CCT17: Blocks Sliding Down Frictionless Ramps—Work by the Earth...................................................226 
nT6B-QRT18: Blocks Sliding Down Frictionless Inclines—Work and Energy ..................................................227 
nT6B-QRT19: Block on Ramp with Friction–Work ............................................................................................228 
nT6B-QRT20: Block on Ramp with Friction–Work and Energy .........................................................................229 
nT6C-WWT21: Force vs. Position Graph I—Work Done on Box.......................................................................230 
nT6C-CT22: Force vs. Position Graph II—Work Done on Box ..........................................................................231 
nT6C-RT23: Force vs. Position Graph I—Work Done on Box............................................................................232 
nT6C-RT24: Force vs. Position Graph III—Energy Transfer ..............................................................................233 
nT6C-RT25: Mass Attached to a Spring—Work to Stretch Spring......................................................................234 
nT6D-CT26: Dropped and Thrown Rock—Kinetic Energy.................................................................................235 
nT6D-CT27: Speedboats with the Same Kinetic Energy—Force ........................................................................236 
nT6D-CT28: Thrown Javelins—Horizontal Force ...............................................................................................237 
nT6D-CCT29: Skaters Pushing off Each Other—Force.......................................................................................238 
nT6D-QRT30: Signs of Kinematic Quantities—Location, Velocity, & Kinetic Energy......................................239 
nT6D-CRT31: Box Moving Up I—Kinetic Energy & Velocity Graphs ..............................................................240 
nT6D-QRT32: Signs of Kinematic Quantities —Location, Net Force, & Kinetic Energy...................................241 
nT6D-CRT33: Box Moving Up II—Kinetic Energy & Velocity Graphs.............................................................242 
nT6E-RT34: Potential Energy vs. Position Graph I—Force Magnitude ..............................................................243 
nT6E-RT35: Potential Energy vs. Position Graph II—Force Magnitude .............................................................244 
nT6E-RT36: Stacked Blocks Sets V—Gravitational Potential Energy ................................................................245 
nT6E-RT37: Two Blocks, Ramp, & Spring—Spring Potential Energy ...............................................................246 
nT6E-RT38: Blocks on Stretched Horizontal Springs—Potential Energy ...........................................................247 
nT6F-RT39: Arrows Shot from Buildings—Final Speed.....................................................................................248 
nT6F-RT40: Toboggans Going Down Slippery Hills—Speed at Bottom ............................................................249 
nT6F-CT41: Skateboarders on a Hill–Time, Speed, Kinetic Energy, and Work..................................................250 
nT6F-RT42: Horizontal Moving Blocks Connected to Springs—Kinetic Energy ...............................................251 
nT6F-CT43: Block with Compressed Spring on a Ramp—Height Up Ramp ......................................................252 
nT6F-WBT44: Mathematical Relation—Physical Situation ................................................................................253 
nT6F-CCT45: Block with Compressed Spring on a Ramp—Height Up Ramp ...................................................254 
nT6F-BCT46: Block Pushed on Smooth Ramp—Basic Energy Bar Chart ..........................................................255 
nT6F-BCT47: Block Pushed on Rough Ramp—Basic Energy Bar Chart............................................................256 
nT6F-BCT48: Box Pulled on Smooth Surface—Basic Energy Bar Chart ...........................................................257 
nT6F-BCT49: Box Pulled on Rough Surface—Basic Energy Bar Chart .............................................................258 
nT6F-BCT50: Lifted Box Moving Upward I—Basic Energy Bar Chart..............................................................259 
nT6F-BCT51: Skateboarder Launched by a Spring—Basic Energy Bar Chart I .................................................260 



nTIPERs Not for distribution  
 

vi

nT6F-BCT52: Skateboarder Launched by a Spring—Basic Energy Bar Chart II ................................................261 
nT6F-BCT53: Box Moving Upward I—Energy Bar Chart for the Earth-Box System.........................................262 
nT6F-BCT54: Box Moving Upward II—Energy Bar Chart for the Earth-Box System .......................................263 
nT6F-BCT55: Box Moving Upward III—Energy Bar Chart for the Box ............................................................264 
nT6F-BCT56: Box Moving Upward IV—Energy Bar Chart for the Earth–Box System.....................................265 
nT6F-BCT57: Box Attached to a Spring I—Energy Bar Chart............................................................................266 
nT6F-BCT57: Box Suspended by a Spring II—Energy Bar Chart.......................................................................267 
nT6F-BCT58: Box Suspended by a Spring II—Energy Bar Chart.......................................................................268 
nT6F-BCT59: Box Attached to a Spring on a Horizontal Surface—Energy Bar Chart .......................................269 
nT6F-BCT60: Ball Thrown Upwards I—Energy Bar Chart for Ball & Earth......................................................270 
nT6F-BCT61: Ball Thrown Upwards II—Energy Bar Chart for Ball, Earth, & Air ............................................271 
nT6F-BCT62: Box Sliding on a Rough Ramp I—Energy Bar Chart ...................................................................272 
nT6F-BCT63: Box Dropped onto a Spring—Energy Bar Chart for Box, Earth, & Spring ..................................273 
nT6F-WWT64: Block with Compressed Spring on a Ramp—Height Up Ramp .................................................274 
nT6F-CT65: Skateboarder Launched by a Spring—Speed & Height...................................................................275 
nT6F-WBT66: Energy Bar Chart I—Physical Situation ......................................................................................276 
nT6F-WBT67: Energy Bar Chart II—Physical Situation.....................................................................................277 
nT6G-CT68: Race up a Hill—Work and Power...................................................................................................278 
nT6G-CT69: Car Race—Work and Power...........................................................................................................279 

nT7 Linear Momentum and Impulse.....................................................................................................................280 
nT7A-QRT1: Position and Net Force Signs and Change in Kinetic Energy—Momentum..................................280 
nT7A-CT2: Speedboats with the Same Momentum—Force ................................................................................281 
nT7A-CT3: Speedboats with the Same Momentum—Kinetic Energy.................................................................282 
nT7A-CT4: Speedboats with the Same Kinetic Energy—Momentum.................................................................283 
nT7A-WWT5: Object Changing Velocity I—Impulse.........................................................................................284 
nT7A-WWT6: Object Changing Velocity II—Impulse .......................................................................................285 
nT7A-CCT7: Object Changing Velocity III—Impulse ........................................................................................286 
nT7A-WWT8: Object Changing Direction and Speed—Impulse ........................................................................287 
nT7A-WWT9: Object Changing Direction and Speed—Impulse ........................................................................288 
nT7B-WWT10: Force vs. Time Graph—Impulse Applied to Box.......................................................................289 
nT7B-WWT11: Force vs. Time Graph—Momentum vs. Time Graph.................................................................290 
nT7B-RT12: Force vs. Time Graph—Impulse Applied to Box............................................................................291 
nT7C-WWT13: Colliding Objects Sticking Together—Momentum of System...................................................292 
nT7C-WWT14: Colliding Objects Sticking Together—System Center of Mass Velocity...................................293 
nT7C-CT15: Two Boxes on a Frictionless Surface—Speed ................................................................................294 
nT7C-WWT16: Two Skaters Pushing off Each Other—Force ............................................................................295 
nT7D-WWT17: Ball Hitting a Wall—Momentum...............................................................................................296 
nT7D-RT18: Colliding Carts Sticking Together—Final Speed............................................................................297 
nT7D-CCT19: Two Moving Carts—Result of Collision......................................................................................298 
nT7D-CT20: Bullet Strikes a Wooden Block—Block & Bullet Speed After Impact...........................................299 
nT7D-QRT21: Colliding Steel Balls—Change in Velocity Direction..................................................................300 
nT7D-QRT22: Colliding Steel Balls—Momentum and Impulse Direction .........................................................301 
nT7D-QRT23: System of Colliding Steel Balls—Momentum Direction of the System ......................................302 
nT7D-CCT24: Colliding Carts That Stick Together—Final Kinetic Energy .......................................................303 
nT7E-TT25: Tapered Plate—Horizontal Position of the Center of Mass.............................................................304 
nT7E-TT26: Triangle Plate—Horizontal Position of the Center of Mass ............................................................305 
nT7E-TT27: Carpenter's Square—Center of Mass of Parts..................................................................................306 

nT8 Rotation ............................................................................................................................................................307 
nT8A-WWT1: Angular Velocity vs. Time Graph—Angular Acceleration vs. Time Graph ................................307 
nT8A-CRT2: Pulley and Weight—Angular Velocity and Acceleration Graphs ..................................................308 
nT8A-CRT3: Angular Acceleration vs. Time Graph—Angular Velocity vs. Time Graph ..................................309 
nT8A-CRT4: Angular Velocity vs. Time Graph—Angular Acceleration vs. Time Graph ..................................310 
nT8A-RT5: Stopping Jet Engines—Angular Acceleration...................................................................................311 
nT8A-CT6: Rotating Disc—Acceleration and Velocity.......................................................................................312 
nT8A-CT7: Angular Velocity vs. Time Graphs—Angular Displacement............................................................313 



nTIPERs 
 

vii

nT8B-RT8: Rigid 3-Dimensional Point Objects—Moment of Inertia about x-Axis ............................................314 
nT8B-RT9: Rigid 3-Dimensional Point Objects—Moment of Inertia about z-Axis ............................................315 
nT8B-RT10: Flat Objects—Moment of Inertia Perpendicular to Surface ............................................................316 
nT8C-QRT11: Pulleys with Different Radii—Rotation and Torque ....................................................................317 
nT8C-CT12: Merry-Go-Rounds—Net Torque.....................................................................................................318 
nT8C-TT13: Pulley and Block—Torque ..............................................................................................................319 
nT8C-QRT14: Three Equal Forces Applied to a Rectangle—Torque..................................................................320 
nT8C-CT15: Fishing Rod—Weight of Two Pieces..............................................................................................321 
nT8C-RT16: Identical Horizontal Boards—Torque about the End ......................................................................322 
nT8C-RT17: Horizontal Board—Clockwise Torque about Left End of the Board ..............................................323 
nT8C-RT18: Suspended Signs—Torque ..............................................................................................................324 
nT8C-RT19: Hexagon—Torque about Center .....................................................................................................325 
nT8C-QRT20: Balance Beam—Motion After Release ........................................................................................326 
nT8C-CT21: Rotating Discs—Angular Acceleration, Torque, and Angle ...........................................................327 
nT8C-CT22: Two Masses on a Meter Stick—Torque and Direction of Rotation ................................................328 
nT8C-CT23: Two Rotating Gears—Various Aspects ..........................................................................................329 
nT8C-CT24: Two Pulleys and Belt—Various Aspects ........................................................................................330 
nT8C-QRT25: Rotating Disc—Direction of Angular Acceleration, Torque, and More.......................................331 
nT8D-RT26: Cylinder on Rotating Turntable—Angular Momentum..................................................................332 
nT8D-CT27: Rotating Discs—Angular Momentum and Rotational Kinetic Energy ...........................................333 
nT8D-CT28: Masses on Meter Stick—Rotational Inertia, Energy, & Angular Momentum ................................334 
nT8D-RT29: Flat Objects with the Same Angular Velocity—Angular Momentum ............................................335 
nT8E-QRT30: Slice of Pizza—Acceleration and Rotation...................................................................................336 
nT8E-CT31: Pivoting Solid Disc and Ring—Torque and Angular Acceleration.................................................337 
nT8E-RT32: Rolling Objects Released from Rest—Time Down Ramp ..............................................................338 
nT8E-CCT33: Ball Rolling Up a Hill—Friction Direction ..................................................................................339 
nT8E-CRT34: Pulley and Weight—Angular Momentum and Torque Graphs.....................................................340 
nT8E-WWT351: Pulley with Hanging Weights—Angular Acceleration.............................................................341 
nT8E-CCT36: Pulley and Masses—Tension........................................................................................................342 
nT8E-CT37: Pulley and Hanging Mass—Angular Acceleration..........................................................................343 
nT8E-CT38: Pivoted Rod—Inertia, Torque, Energy, Angular Acceleration, & Momentum ...............................344 
nT8F-CCT39: Child on Rotating Platform—Final Angular Velocity ..................................................................345 
nT8F-CCT40: Bullet Shot at Rod—Conserved Quantities...................................................................................346 
nT8F-QRT41: Engaging Two Clutch Plates I—Angular Momentum Direction..................................................347 
nT8F-RT42: Bullet Shot at Rod—Angular Momentum .......................................................................................348 
nT8F-RT43: Airplane Flying at Constant Velocity and Altitude—Angular Momentum.....................................349 
nT8G-RT44: Spheres Rolling Up Inclines—Height.............................................................................................350 
nT8G-BCT45: Hoop Rolling Up a Ramp—Basic Bar Chart................................................................................351 
nT8G-BCT46: Solid Disk Rolling Up a Ramp—Basic Bar Chart........................................................................352 
nT8G-QRT47: Solid Sphere Rolling Along a Track–Location at Highest Point..................................................353 
nT8G-WBT48: Equation I—Physical Situation ...................................................................................................354 
nT8G-WBT49: Equation II—Physical Situation ..................................................................................................355 
nT8G-CT50: Pivoting Solid Disc and Rod—Kinetic Energy and Angular Velocity ...........................................356 
nT8G-RT51: Objects Rotating with the Same Kinetic Energy—Angular Velocity .............................................357 
nT8G-RT52: Pivoting Objects Released from Horizontal—Angular Velocity ....................................................358 
nT8G-RT53: Objects Moving Down a Ramp—Maximum Height of Airborne Objects......................................359 
nT8G-RT54: Moving Down a Ramp—Maximum Height on Other Side of Ramp..............................................360 
nT8G-RT55: Objects Moving Down Ramps—Speed at Bottom..........................................................................361 
nT8H-RT56: Stationary Horizontal Boards—Force by Left Post on Board.........................................................362 
nT8H-RT57: Tilted Pivoted Rods with Various Loads—Force to Hold Rods .....................................................363 
nT8H-CT58: Tilted Pivoted Rods with Various Loads—Force to Hold Rods .....................................................364 
nT8H-WBT60: Two Equations—Physical Situation............................................................................................365 
nT8H-RT61: Horizontal Pivoted Rods with Loads at Various Locations—Force to Hold ..................................366 
nT8H-LMCT62: Horizontal Pivoted Board with Load I—Force to Hold Board .................................................367 
nT8H-LMCT63: Horizontal Pivoted Board with Load II—Force to Hold Board ................................................368 
nT8H-CT64: Mass Suspended from a Horizontal Beam—Tension and Torque ..................................................369 



nTIPERs Not for distribution  
 

viii

nT8H-CT65: Mass Suspended from a Tilted Beam—Tension and Torque..........................................................370 
nT8H-CCT66: Hanging Traffic Light—Tension..................................................................................................371 
nT8H-RT67: Horizontal Uniform Rods—Force of Pivot on Rods.......................................................................372 
nT8H-CT68: Hanging up Two Carpenter's Squares—Force by Support Dowels ................................................373 

nT9 Oscillatory Motion ...........................................................................................................................................374 
nT9A-RT1: Mass on a Vertical Spring—Time.....................................................................................................374 
nT9A-RT2: Mass on a Vertical Spring—Amplitude ............................................................................................375 
nT9A-RT3: Mass on Horizontal Spring Systems—Oscillation Frequency ..........................................................376 
nT9A-RT4: Sphere on a String—String Length ...................................................................................................377 
nT9A-CT5: Mass Hanging on a Spring—Period of Oscillation ...........................................................................378 
nT9A-RT6: Cart and Springs—Oscillation Frequency.........................................................................................379 
nT9A-RT7: Mass and Spring Systems—Oscillation Frequency ..........................................................................380 
nT9A-RT8: Simple Pendula—Oscillation Frequency ..........................................................................................381 
nT9A-QRT9: Position vs. Time Graph of a Cart Attached to a Spring—Mass & Period ....................................382 
nT9A-LMCT10: Swinging Heavy Rod—Frequency............................................................................................383 
nT9A-CRT11: Displacement vs. Time Graph—Displacement, Velocity, & Acceleration ..................................384 
nT9A-CRT12: Velocity vs. Time Graph—Frequency and Period .......................................................................385 
nT9A-CRT13: Velocity vs. Time—Velocity and Acceleration Expression.........................................................386 
nT9A-CT14: Mass Hanging on a Spring—Period of Oscillation .........................................................................387 
nT9A-LMCT15: Mass Connected to a Spring—Frequency.................................................................................388 
nT9B-LMCT16: Oscillation Graph of Displacement vs. Time—Kinematic Quantities.......................................389 
nT9B-CCT17: Oscillating Cart—Period ..............................................................................................................390 
nT9B-QRT18: Oscillating Mass-Spring Graph of Displacement vs. Time—Directions......................................391 
nT9C-RT19: Oscillating Chip Testing System—Maximum Force ......................................................................392 
nT9C-CCT20: Mass on a Spring—Acceleration ..................................................................................................393 
nT9C-WBT21: Acceleration of an Object—Physical Situation ...........................................................................394 
nT9D-LMCT22: Displacement vs. Time—Energy Quantities .............................................................................395 
nT9D-CCT23: Mass Oscillating on a Vertical Spring—Energy ..........................................................................396 
nT9D-LMCT24: Oscillation Graph for a Hanging Mass on a Spring—Energy Quantities..................................397 
nT9D-BCT25: Oscillating Mass-Spring Graph of Displacement vs. Time—Energy...........................................398 



nTIPERs 
 

1

NT3 MOTION IN ONE DIMENSION  
NT3A-WWT1: VELOCITY VS. TIME GRAPH II—ACCELERATION VS. TIME GRAPH 
A student obtains a graph of an object’s velocity versus time and then draws the graph of the acceleration 
versus time for the same time interval. 

v

Time

a

Time

 
What, if anything, is wrong with the graph of the acceleration versus time? If something is wrong, 
identify it and explain how to correct it. If the graph is correct, explain why. 

Answer: The acceleration is the slope of the velocity graph. Thus, the third and fourth peaks should be 
reversed as shown below because the sign of the acceleration is the same as the sign of the slope of the 
velocity-time graph. 

v

Time
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Time
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NT3A-CT2: VELOCITY VS. TIME GRAPHS—DISPLACEMENT 
The graphs represent the velocity of two toy robots moving in one dimension for a particular time 
interval. Both graphs have the same time and velocity scales.  

Case A

Time

Velocity

Case B

Time

Velocity

 
Is the magnitude of the displacement of the robot in Case A greater than, less than, or equal to the 
magnitude of the displacement of the robot in Case B? 

Please explain your reasoning. 

The displacement is the area between the velocity-time curve and the time axis. The displacement in 
Case A is zero while the displacement for case B is negative. The magnitude of the displacement is 
greater in case B. 
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NT3A-WWT3: ACCELERATION VS. TIME GRAPH—VELOCITY VS. TIME GRAPH 
A student obtains a graph of an object’s acceleration versus time and then draws the graph of the velocity 
versus time for the same time interval. The object starts from rest. 

v

Time

a

Time

 
What, if anything, is wrong with the graph of velocity versus time? If something is wrong, identify 
it and explain how to correct it. If the graph is correct, explain why. 

Answer-the change in velocity is related to the area under the acceleration vs time graph. Thus the 
velocity graph should be like the graph below. The second, third and fourth accelerations are all the 
same magnitude and are smaller than the initial acceleration, so the velocity does not return to zero at 
the end of the interval. 
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Time
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NT3A-WWT4: VELOCITY VS. TIME GRAPH—ACCELERATION VS. TIME GRAPH 
A student obtains a graph of an object’s velocity versus time and then draws the graph of the acceleration 
versus time for the same time interval. 

v a

TimeTime

 

What, if anything, is wrong with the graph of the acceleration versus time? If something is wrong, 
identify it and explain how to correct it. If the graph is correct, explain why. 

Answer-the change in velocity is related to the area under the graph of acceleration vs. time or the 
acceleration is related to the slope of the velocity graph, so we need to adjust the acceleration graph to 
bring the velocity back to the original value. Changing the acceleration graph so that both rectangles 
have the same area gives this: 

v a

TimeTime
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NT3A-CRT5: ACCELERATION VS. TIME GRAPH—VELOCITY VS. TIME GRAPH 

Sketch a possible velocity versus time graph given the acceleration graph for the same time 
interval.  

a

Time

v

Time

 

Explain. 

Answer-the change in the velocity is related to the area under the acceleration graph. The second blip 
is taller than the first so it contains more area. Consequently it represents a greater change in velocity. 
Since there is no particular initial velocity given, any graph of the same shape but starting at some 
other initial velocity would also be a correct choice. 
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Time

v

Time
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NT3A-CRT6: VELOCITY VS. TIME GRAPH—ACCELERATION VS. TIME GRAPH 

Sketch the acceleration versus time graph given the velocity versus time graph for the same time 
interval.  

v

Time

a

Time

 

Explain. 

Answer-the acceleration is the slope of the velocity graph thus we have a positive acceleration for the 
first interval, then zero since the velocity doesn’t change and finally a smaller—lower slope—negative 
acceleration during the last two intervals.  
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NT3A-CT7: VELOCITY VS. TIME GRAPHS OF TWO OBJECTS I—DISPLACEMENT 
The graphs below show the velocity of two objects during the same time interval. 

v1

Time6420
0

1

2

v2

Time6420
0

1

2

Object 2

Object 1

 

After 5 seconds, is the displacement of Object 1 in the top graph greater than, equal to, or less than 
the displacement of Object 2 in the bottom graph?  

Please explain. 

Answer- The displacement of Object 1 is less than Object 2. Object 2 has a larger displacement since 
the displacement is equal to the area under the graph of velocity vs. time and the area is larger for 
Object 2. 
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NT3A-CT8: VELOCITY VS. TIME GRAPHS OF TWO OBJECTS II—DISPLACEMENT 
The graphs below show the velocity of two objects during the same time interval. 

v1

Time, seconds6420
0
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0

1

2

Object 2
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After 5 seconds, is the displacement of Object 1 in the upper graph greater than, equal to, or less 
than the displacement of Object 2 in the lower graph?  

Please explain. 

Answer: The displacement is greater for Object 1 since the displacement is equal to the area under the 
line or curve representing the motion in a graph of velocity vs. time. 
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NT3A-RT9: VELOCITY VS. TIME GRAPHS—DISPLACEMENT 
Shown below are six velocity-time graphs for toy robots that are traveling along a straight course. All the 
robots are initially facing the same way. All graphs have the same time and velocity scales. 

A B C

D E F

Velocity Velocity

Time

Velocity

Time

Velocity

Time

Velocity

Time

Velocity

Time

Time

 

Rank these situations on the basis of the displacement during these intervals.  

Greatest 1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______ Least 

OR, The displacement during these intervals is the same but not zero for all these robots. ___ 

OR, The displacement during these intervals is zero for all these robots.  ___ 

OR, We cannot determine the ranking for the displacements of these robots.  ___ 

Please explain your reasoning. 

Answer: D > B > F > E > C > A; since these are velocity versus time graphs the displacements are 
given by the areas “under” (between the lines and the time axis) the lines in the graphs.  
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NT3A-WWT10: BALL THROWN UPWARD AND COMES BACK DOWN—VELOCITY VS. TIME GRAPH 
A ball is thrown straight upward and falls back to the same height. A 
student makes this graph of the velocity of the ball as a function of 
time. 

What, if anything, is wrong with the student’s graph? If 
something is wrong, explain the error and how to correct it. If the 
graph is correct, explain why.  

 
The line should go across the axis and continue in a straight line into the negative region since the 
velocity is negative on the way back down. The slope should be constant since the acceleration is 
constant. Note the graph would be correct if it were a graph of the speed of the object. 

Velocity, m/s

Time, s

 
 

Velocity, m/s

Time, s
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NT3A-WWT11: VELOCITY VS. TIME GRAPH OF TWO OBJECTS—FASTEST OBJECT 
A student is shown the velocity-time graphs for two objects and is 
asked to decide which object is moving faster. The student responds: 

“B is faster because it has the steeper slope.” 

What, if anything, is wrong with the student’s statement? If 
something is wrong, explain the error and how to correct it. If 
the statement is correct, explain why.  

 
Answer: A is faster because its velocity value is above that of B at any time shown on the graph.  At any 
time, then, it is moving faster than B is.  The slope of the velocity-time graph is the acceleration. 
Therefore, B has the larger acceleration during the entire time because it has the larger slope. 
 
 

Velocity, m/s

Time, s

A
B
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NT3A-CRT12: TRAVELING STUDENTS—VELOCITY VS. TIME GRAPH 
Carmela and Desi leave their physics classroom separately and travel west. They both start from rest. 
Desi left first, traveling with an acceleration of 4 m/s2 west for the first 6 seconds, and then he traveled at 
a constant velocity. Two seconds after Desi started, Carmela began with an acceleration of 3 m/s2 west for 
10 seconds, and after that she traveled at a constant velocity.  

Graph the velocity of both travelers as a function of time up to t = 16 seconds starting at time t = 0 
when Desi leaves the classroom. Use a solid line for Desi’s velocity and a dashed line for Carmela’s 
velocity. 
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Answer- 
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NT3A-CCT13: VELOCITY VS. TIME GRAPH—DISPLACEMENT 
The graph shown represents the velocity of a 
toy robot moving in one dimension for a 
particular time interval. Three students 
studying this graph make the following 
statements: 

Arnold: “The robot’s displacement is positive 
because the slope of the graph is 
positive.”  

Betty: “No, the robot’s displacement will be 
zero since it moves in both the 
positive and negative directions 
during this time.” 

Cindy: “I think the displacement is negative since the robot has a negative velocity for a longer time.” 

Which, if any, of these three students do you agree with and think is correct?  
Arnold _____ Betty _____ Cindy _____ None of them______ 

Please explain your reasoning. 

Answer: Cindy is correct but her reasoning could be more complete. The displacement can be found 
from the area between the time axis and the velocity-time graph. For the time interval shown, the robot 
moves in the negative direction until the graph crosses the axis, and the displacement in this direction 
is equal to the area of the triangle bounded by the two axes and the line representing the robot’s 
velocity. This area is larger than the area of the triangle above the time axis representing the robot’s 
displacement in the positive direction up to the end of this time interval, so there is an overall 
displacement in the negative direction. 

 
 

Velocity, m/s

Time, s
0
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NT3A-RT14: VELOCITY VS. TIME GRAPHS—DISTANCE TRAVELED 
Velocity-time graphs for six toy robots that are traveling along a straight path are shown. All graphs have 
the same time and velocity scales. 

A B C

D E F

Velocity Velocity

Time

Velocity

Time

Velocity

Time

Velocity

Time

Velocity

Time

Time

 

Rank these situations on the basis of the distance traveled during these intervals.  

Greatest 1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______ Least 

OR, The distance during the intervals indicated is the same but not zero for all these robots. ___ 

OR, The distance during the intervals indicated is zero for all these robots.  ___ 

OR, We cannot determine the ranking for the distances traveled of these robots.  ___ 

Please explain your reasoning. 

Answer:  D > A > B = C > E = F.  The distance traveled is the sum of the absolute values of the areas 
between the horizontal axis and the graph.  For graphs of motion that don’t change direction (all cases 
except E), the magnitude of the displacement is the same as the distance traveled.  For case, E, the 
distance traveled is the sum of the distance traveled backward and the distance traveled forward.  The 
absolute value of the two areas in case E is the same as the area in case F. 
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NT3A-BCT15: VELOCITY VS. TIME GRAPH—DISTANCE TRAVELED 
The graph represents the motion of a toy robot moving in one dimension during a 14-second interval. 

Velocity, m/s

Time, s

–2

–4

2

4

0
2 4 6 8 10 12 14

 
In the histogram below, the bar represents the distance the robot travels during the 2-second interval from 
4 s to 6 s. Draw additional bars to represent the distance traveled during the other 2-second 
intervals. 

0 – 2 s 2 – 4 s 4 – 6 s 6 – 8 s 8 – 10 s 10 – 12 s

– 2 m

– 4 m

– 6 m

2 m

4 m

6 m

0

Distance traveled during interval

12 – 14 s  
Since we are looking for a distance traveled rather than a displacement, we use the absolute value of 
the area between the line and the time axis. 
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NT3A-CCT16: VELOCITY VS. TIME GRAPHS OF TWO OBJECTS I—DISPLACEMENT 
The graphs below show the velocity of two objects during the same time interval. 

Time, s6420
0

1

2

v1

Time, s6420
0

1

2

Object 1

v2

0

Object 2  
Three students are discussing the displacements of these objects for this interval. 

Andy: “I think Object 2 will have the greater displacement because it gets to a higher speed faster 
than Object 1.”  

Badu: “No, Object 1 will have the greater displacement because it travels for longer than Object 2.” 

Connor: “I think Andy has the right answer, but for the wrong reason. We can see that Object 2 has the 
larger displacement because the area under the graph is greater.” 

Which, if any, of these three students do you agree with?  
Andy_____ Badu _____ Connor _____ None of them______ 

Please explain your reasoning. 

Answer: Coen is correct, because the displacement is determined by the area under a velocity-time 
graph.  
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NT3A-CCT17: VELOCITY VS. TIME GRAPHS OF TWO OBJECTS II—DISPLACEMENT 
The graphs below show the velocity of two objects during the same time interval. 

Time, s6420
0
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2

v1

Time, s6420
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2

Object 1

v2

0

Object 2  
Three students are discussing the displacements of these objects for this interval. 

Apriel: “I think Object 2 will have the greater displacement because it gets to a higher speed faster 
than Object 1.”  

Brody: “Object 1 spends most of its time speeding up, but object 2 spends most of its time slowing 
down. Object 1 will go farther.” 

Cyril: “The displacement is found from the integral or area of the velocity graphs. But in this case 
we don't know what the integration constant or the initial position is that we need to add to 
the integral or area. We don't have enough information to find the displacement.” 

Which, if any, of these three students do you agree with?  
Apriel_____ Brody _____ Cyril _____ None of them______ 

Please explain your reasoning. 

Answer: None of these students is correct. The displacement is determined by the area under the 
velocity-time graph, which is the same in both cases. 
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NT3A-CRT18: VELOCITY VS. TIME GRAPHS OF TWO OBJECTS I—VELOCITY EQUATIONS 
The graphs below show the velocity of two objects during the same time interval. 

Velocity, m/s

Time, seconds0 2 4 6
0

1

2

Velocity, m/s

Time, seconds0 2 4 6
0

1

2

Object 1

Object 2  

Write the equations for the velocity in m/s as a function of time in seconds for these two motions for 
the first 5 seconds.  

Time Velocity Equation for Object 1 Velocity Equation for Object 2  

0 s—1 s  v(t) = v(t) =  

1 s—2 s  v(t) = v(t) =  

2 s—3 s  v(t) = v(t) =  

3 s—4 s  v(t) = v(t) =  

4 s—5 s  v(t) = v(t) =  

Answer: one solution is a fit to line mt +b where m is the slope which can be read from graph and then 
determine b by fitting it to one end or the other of the segment (check by testing it against the other end 
of the segment) 
Interval Object 1 Object 2  
0 s—1 s v (t) = 1(m/s2) t v (t) = 2(m/s2) t 
1 s—2 s v (t) = 2(m/s) - 1(m/s2) t v (t) = 2(m/s) 
2 s—3 s v (t) = -4 (m/s)+ 2(m/s2) t v (t) = 2(m/s) 
3 s—4 s v (t) = 2 (m/s) v (t) = 8(m/s) - 2(m/s2) t 
4 s—5 s v (t) = 10 (m/s) - 2(m/s2) t v (t) = 0 
 
Another but more physical equation/approach would use the velocity at the beginning of the interval 
and use the time elapsed during that interval. So for object 2 in the interval between 3 and 4 seconds 
this would give v (t) = 2(m/s) - 2(m/s2) (t- 3 s) for example. 
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NT3A-CCT19: BALL THROWN UPWARD AND COMES BACK DOWN—ACCELERATION 
A ball is thrown straight upward and falls back to the same height. A 
student makes the graph of the speed of the ball as a function of time. 
Three students who are discussing this graph make the following 
contentions: 

Akira:  “I don’t think this can be correct because the sign of 
the acceleration changes on this graph, but the 
acceleration on the ball will be constant.”  

Burt: “No, I think this is right because it is only showing what happens to the speed, which will 
decrease to zero at the top and then increase as the ball falls. Since the slopes for both 
segments are the same except for sign that means the acceleration is constant.” 

Catalina: “This graph makes sense to me because it shows the speed decreasing. I disagree with Burt, 
because I think this means the acceleration is also decreasing until the ball gets to the top 
and stops. Then both the speed and acceleration increase as the ball falls down again.”  

Which, if any, of these three students do you agree with and think is correct?  
Akira _____ Burt _____ Catalina _____ None of them______ 

Please explain your reasoning. 

 
Answer: Burt is correct because a speed versus time graph will have a negative slope as the ball moves 
upward, since it is slowing down, and then a positive slope coming down since it is speeding up. But 
both lines have to have the same slope value since the acceleration is constant throughout. 
 
 
 
. 

Speed, m/s

Time, s
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NT3A-QRT20: KINEMATICS GRAPHS—CHANGE DIRECTION 
The graph at right is for an object in one-dimensional motion. The 
vertical axis is not labeled. 

a) If the vertical axis is position, does the object ever change 
direction? If so, at what time or times does this change in 
direction occur?  
Explain. 

Answer: The velocity of the object is given by the slope of the 
graph, and the object has a negative velocity from time zero to 5 seconds. After 5 seconds, the object 
has a positive velocity. So the object changed direction at 5 seconds. 

 

b) If the vertical axis is velocity, does the object ever change direction? If so, at what time or times 
does this change in direction occur?  
Explain. 

Answer: The velocity of the object is given by the value of the graph, and the object has a positive 
velocity from time zero to 2 seconds. From 2 seconds to 8 seconds, the object has a negative velocity. 
After 8 seconds, the object has a positive velocity. So the object changed direction at 2 seconds, and 
again at 8 seconds. 
 

Time, s
1 3 5 7 9
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NT3A-QRT21: POSITION TIME GRAPHS OF TWO CHILDREN—KINEMATICS 
The graph at right is of the motion of two children, Ariel and 
Byron, who are moving along a straight hallway. The vertical axis 
is not labeled. 

a) If the vertical axis is position, does either child ever change 
direction? If so, at what time or times does this change in 
direction occur? 

 Explain. 

Answer: The velocity of the object is given by the slope of the 
graph, and the slope of the graph is positive for both children 
at all times shown. So both children are moving in the same 
direction along the hallway at all times and do not change 
direction. 

 
b) If the vertical axis is position, are the two children ever at the same position along the hallway? If 

so, at what time or times? 
 Explain. 

Answer: The two children will be in the same position along the hallway for times that the graphs of 
their motions have the same position value. So when the lines cross at 2 seconds and at 9 seconds they 
are at the same position. 

 
c) If the vertical axis is position, do the two children ever have the same speed? If so, at what time 

or times? 
 Explain. 

Answer: The velocity of the object is given by the slope of the graph, and the speed is the absolute value 
of the velocity. The two children have the same speed when the slopes of the graphs have the same 
absolute value. A tangent line drawn to a point on the curve representing Byron’s position gives his 
speed, and at around 6 seconds this tangent will be parallel to the line representing Ariel’s position. 
The two children have the same speed at about 6 seconds. 

 
d) If the vertical axis is position, do the two children ever have the same acceleration? If so, at what 

time or times? 
 Explain. 

Answer: The velocity of the object is given by the slope of the graph, and for Ariel this slope is constant 
in time. So Ariel’s velocity does not change with time, and Ariel’s acceleration is zero. That is, Ariel is 
moving down the hallway at a constant speed. On the other hand, the slope of Byron’s position-time 
graph is always different, meaning that Byron’s velocity is always changing with time. So Byron has a 
nonzero acceleration at all times. The two children never have the same acceleration. 

 
e) If the vertical axis is velocity, do either of the children ever change direction? If so, at what time 

or times does this change in direction occur? 
 Explain. 

 

Time, s
1 3 5 7 9

Byron

Ariel
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Answer: The velocity of each child is given by the value of the graph, so Ariel’s velocity changes from 
negative to positive at time 5 seconds, and Byron’s velocity changes from negative to positive 
approximately at time 6.5 seconds. So Ariel changes direction at 5 seconds and Byron changes 
direction at 6.5 seconds. Between 5 and 6.5 seconds, the children are moving in opposite directions 
along the hallway. 

f) If the vertical axis is velocity, do the two children ever have the same velocity? If so, at what time 
or times? 

 Explain. 

Answer: The velocity of each child is given by the value of the graph, so Ariel’s velocity is the same as 
Byron’s velocity at times 2 seconds and 9 seconds.  

 
g) If the vertical axis is velocity, do the two children ever have the same acceleration? If so, at what 

time or times? 
 Explain. 

Answer: The acceleration of each child is given by the slope of the graph, so Ariel’s velocity is the 
same as Byron’s velocity when the graphs have the same slope, at around time 6 seconds.  
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NT3B-WWT22: MOTION EQUATIONS IN ONE DIMENSION—AVERAGE VELOCITY 
An object moves along the x-axis according to the following (with x in meters and t in seconds):  

x = 10m − 4(m/s) t + 2(m/s 3 ) t 3  

A student is planning to calculate the object’s average velocity between t = 0 and t = 2 seconds using the 
equation  

vaverage =
vinitial + v final

2
 

What, if anything, is wrong with this? If something is wrong, identify it and explain how to correct 
it. If this is correct, explain why. 

This equation is only valid for constant acceleration, and in this case the acceleration is changing with 
time (note the t3 term or the a=12t). 
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NT3B-WBT23: POSITION EQUATION—PHYSICAL SITUATION 

Describe the motion of an object that is represented by the equation below:  

x = 33.6 m – (2.8 m/s)t 
 
Answer:  
This object began 33.6 m away from the origin and traveled at a constant velocity of 2.8 m/s in the 
negative direction towards the origin, reaching it after 12 seconds. It continues to move at 2.8 m/s in 
the negative direction away from the origin at 12 seconds. 
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NT3B-CCT24: BICYCLIST ON A STRAIGHT ROAD—AVERAGE SPEED  
Three students are discussing a situation where a bicyclist travels at a steady 18.0 m/s for 10 minutes, 
then at 6.0 m/s for 20 minutes and finally at 12.0 m/s for 15 minutes along a straight level road. Students 
make the following contentions about the bicyclist’s average speed for the overall trip:  

Aaron: “I think the average speed for the entire period is 18 m/s because to find an average you 
sum the three values and divide by two.”  

Bessie: “I disagree. The average speed is 12 m/s because you add the three velocities, but then you 
have to divide by three.” 

Cesar: “No, you are both wrong. The average speed is 10.7 m/s because that is what you get when 
you divide 28,800 m, the total distance traveled on the straight road, by 2700 seconds, the 
total time it took.” 

Which, if any, of these three students do you agree with?  
Aaron_____ Bessie _____ Cesar _____ None of them______ 

Please explain your reasoning. 

Answer: Cesar is correct because the average speed is the displacement (here, the distance traveled) 
divided by the total time. 
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NT3C-WWT25: ACCELERATION VS. TIME GRAPH—FINAL VELOCITY  
A student is given the acceleration versus time 
graph for a motorcyclist traveling along a straight 
level stretch of road. The student states: 

“This motorcyclist was slowing down during 
the period up to 14 seconds because her 
acceleration was negative during this period.” 

What, if anything, is wrong with this student’s 
contention? If something is wrong, identify it, 
and explain how to correct it. If it is correct, 
explain why. 

 

.Answer: The student cannot make this contention because he/she doesn’t know whether the 
motorcyclist’s initial velocity was positive or negative. If the cyclist started out with an initial negative 
velocity then his/her speed was increasing, not decreasing, during the interval graphed. 

 

 

Acceleration, m/s2

Time, s
–2

–4

2

0
2 4 6 8 10 12 14
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NT3C-QRT26: MOTION EQUATIONS IN ONE DIMENSION—LOCATION, VELOCITY, & ACCELERATION 
An object moves along the x-axis according to this expression (with x in meters and t in seconds): 

x = 10 − 4 t + 2t 3 

 

a) What is the object’s location at t = 0? 

Substituting 0 for the variable t gives x = 10 meters. 

b) What is the object’s location at t = 2 sec? 

Substituting 2 seconds for the variable t gives x = 10m – 8m + 16m = 18 meters. 

c) What is the object’s displacement between t = 0 and t = 2 sec? 

From the answers above, the object is at position x = 10m at t = 0, and at position x = 18m at t = 2 sec, 
so the displacement is 18m – 10m = 8m. 

d) What is the object’s velocity at t = 0? 

The velocity as a function of time is found by taking the time derivative of the position equation: 
v(t) = –4 + 6t2.  Substituting 0 for time gives a velocity of –4 meters per second at t = 0. 

e) What is the object’s velocity at t = 2 sec? 

The velocity as a function of time is found by taking the time derivative of the position equation: 
v(t) = –4 + 6t2.  Substituting 2 seconds for time gives a velocity of +20 meters per second at t = 0. 

f) What is the object’s average velocity between t = 0 and t = 2 sec? 

The average velocity is the displacement for the first two seconds, 8m, divided by the time, or 4 m/s.   

g) What is the object’s acceleration at t = 0? 

The acceleration as a function of time is found by taking the time derivative of the velocity equation: 
a(t) = 12t.  Substituting 0 for time gives an acceleration of 0 at t = 0. 

h) What is the object’s acceleration at t = 2 sec? 

The acceleration as a function of time is found by taking the time derivative of the velocity equation: 
a(t) = 12t.  Substituting 2 seconds for time gives an acceleration of 24 m/s2 at t = 0. 

i) What is the object’s average acceleration between t = 0 and t = 2 sec? 

The average acceleration during this time interval is the change in velocity for the interval (20 m/s – (-

4 m/s) divided by the time interval of 2 seconds, or 12 m/s2. 
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NT3C-RT27: POSITION AS A FUNCTION OF TIME EQUATIONS—INSTANTANEOUS SPEED 
The six equations below tell us the position in meters as a function of time in seconds for six objects that 
are moving along a straight line. As the equations show, these objects vary in their initial positions, initial 
velocities, and accelerations. 

A. x(t) = −7 + 9t − 2t 2 B. x(t) = +4 + 9t + t 2 C. x(t) = +3 − 7t − 2t 2  

D. x(t) = −4 + 3t − 4 t 2  E. x(t) = −1− 9t − 2t 2  F. x(t) = −7 + t + 2t 2  

Rank these situations on the basis of the speed of the objects 2 seconds after the motions begin.  

Greatest 1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______ Least 

OR, The speed at 2 seconds is the same but not zero for all these objects.  ___ 

OR, The speed at 2 seconds is zero for all these objects.  ___ 

OR, We cannot determine the ranking for the speeds of these objects.  ___ 

Please explain your reasoning. 

Answer:  The speed is the absolute value of the velocity, and the velocity for each object is given by the 
time derivative of the position-time equations above.  When time 2 seconds is substituted into these 
equations, we get the velocity at this time.  The speed is the absolute value of this quantity, which leads 
to a ranking E > C >B = D > F > A. 
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NT3C-RT28: VELOCITY VS. TIME GRAPHS—INSTANTANEOUS VELOCITY 
The graphs below show the velocity versus time for six boats traveling along a narrow channel that runs 
east to west. The scales on both axes are the same for all of these graphs, and east is positive. In each 
graph, a point is marked with a dot.  

Velocity

Time

A Velocity

Time

B Velocity

Time

C

Velocity

Time

EVelocity

Time

D Velocity

Time

F

 

Rank these situations on the basis of the velocity of the boat at the point indicated.  

Greatest 1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______ Least 

OR, The velocity at the marked points is the same but not zero for all these boats.  ___ 

OR, The velocity at the marked points is zero for all these boats. ___ 

OR, We cannot determine the ranking for the velocity of these boats. ___ 

Please explain your reasoning. 

Answer: E > C >B = D > F > A based on taking a derivative, substituting 2 seconds for the time, and 
ranking the absolute values. 
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NT3C-RT29: VELOCITY VS. TIME GRAPHS—ACCELERATION 
The graphs below show the velocity versus time for six boats traveling along a narrow channel that runs 
east to west. The scales on both axes are the same for all of these graphs, and east is positive. In each 
graph, a point is marked with a dot.  

Velocity

Time

A Velocity

Time

B Velocity

Time

C

Velocity

Time

EVelocity

Time

D Velocity

Time

F

 

Rank these situations on the basis of the acceleration of the boat at the point indicated.  

Greatest 1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______ Least 

OR, The acceleration at the marked points is the same but not zero for all these boats.  ___ 

OR, The acceleration at the marked points is zero for all these boats. ___ 

OR, We cannot determine the ranking for the accelerations of these boats. ___ 

Please explain your reasoning. 

Answer: A = B > E > F > C = D; the instantaneous accelerations are determined by the slopes of the 
velocity-time graphs at the points on the graphs.  Since these graphs are straight lines, the slope (and 
the acceleration) does not change as a function of time. 
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NT3C-RT30: POSITION VS. TIME GRAPHS—INSTANTANEOUS SPEED 
The graphs below show the position versus time for six boats traveling along a narrow channel. The 
scales on both axes are the same for all of these graphs. In each graph, a point is marked with a dot.  

Position

Time

A Position

Time

B Position

Time

C

Position

Time

EPosition

Time

D Position

Time

F

 

Rank these situations on the basis of the speed of the boat at the point indicated.  

Greatest 1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______ Least 

OR, The speed at the marked points is the same for all these boats.  ___ 

OR, The speed at the marked points is zero for all these boats. ___ 

OR, We cannot determine the ranking for the speeds of these boats. ___ 

Please explain your reasoning. 

Answer: C = D > A = B > E = F; the instantaneous speeds are determined by the magnitudes of the 
slopes of the position-time graphs. 
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NT3C-RT31: POSITION VS. TIME GRAPHS—DISPLACEMENT 
The graphs below show the position versus time for six boats traveling along a narrow channel. The 
scales on both axes are the same for all of these graphs. In each graph, two points are marked with dots.  

Position

Time

A Position

Time

B Position

Time

C

Position

Time

D Position

Time

E Position

Time

F

 

Rank these situations on the basis of the displacement between the two points. 

Greatest 1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______ Least 

OR, The displacement between the points is the same but not zero for all the boats. ___ 

OR, The displacement between the points is zero for all the boats.  ___ 

OR, We cannot determine the ranking for the displacements of these boats.  ___ 

Please explain your reasoning. 

Answer: B > A > E > F > D > C; the magnitudes of the displacements can be read as the distance 
between the positions on the vertical axes for the two points.  
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NT3C-RT32: POSITION VS. TIME GRAPHS—INSTANTANEOUS VELOCITY 
The graphs below show the position versus time for six boats traveling along a narrow channel. The 
scales on both axes are the same for all of these graphs. In each graph, a point is marked with a dot.  

Position

Time

A Position

Time

B Position

Time

C

Position

Time

EPosition

Time

D Position

Time

F

 

Rank these situations on the basis of the velocity of the boat at the point indicated.  

Greatest 1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______ Least 

OR, The velocity at the marked points is the same but not zero for all the boats. ___ 

OR, The velocity at the marked points is zero for all the boats. ___ 

OR, We cannot determine the ranking for the velocities of these boats. ___ 

Please explain your reasoning. 

Answer: A = B > E > F > C = D; the instantaneous velocities are determined by the slopes of the 
position-time graphs. 
 



nTIPERs Not for distribution  
 

34

NT3C-CCT33: POSITION TIME EQUATION—INSTANTANEOUS SPEED 
Three students are discussing the motion of an object which is described by the following equation: 

x t( )= −4m− (9m/s)t + (2m/s2)t2 

The students make the following contentions about the motion during the first 2 seconds: 

Amadeo: “I think this object’s instantaneous speed will increase with time since the acceleration is 
positive.”  

Barrett: “No, the object will have a decreasing speed, since the acceleration is directed opposite to 
the initial velocity.” 

Chinue: “I don’t think we can tell what will happen to the speed from this equation, since it tells us 
about the position as a function of time, not about speed or velocity.” 

Which, if any, of these three students do you agree with?  

Amadeo_____ Barrett _____ Chinue _____ None of them______ 

Please explain your reasoning. 

Answer: Barrett is correct since the velocity and acceleration terms have opposite signs and the velocity 
will not have decreased to zero in two seconds. 
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NT3C-QRT34: POSITION TIME EQUATION—VELOCITY AND ACCELERATION EQUATION 
A student is told that the motion of an object is described by the following equation: 

x t( )= −4m− (9m/s)t + (2m/s2)t2 

What are the equations that describe the object’s velocity and acceleration at various times? 

 
  v t( )=  

 
  a t( )=  

Answer: This equation describes motion with constant acceleration with a value of 4 m/s2 and initial 
position of - 4m and initial velocity of – 9m/s.  
Take the derivative of x(t) = – 4m – 9(m/s)t + 2 m/s2 t2 for the velocity and take another derivative to get 
the acceleration. 
Thus the equations for v(t) = – 9(m/s) + 4 (m/s) t and for a(t) = 4 m/s2 
 

Is the initial acceleration in the positive-x or negative-x direction? 

The acceleration is always positive, equal to 4 m/s2 at all times, so it points in the +x-direction. 

Is the initial velocity in the positive-x or negative-x direction? 

Substituting t = 0 into the equation for velocity gives an initial velocity of -9 m/s, so the initial velocity 

is in the negative-x direction. 

Is the initial position in the positive-x or negative-x direction from the origin? 

Substituting t = 0 into the equation for position gives an initial position of –4m, so the initial position is 
in the negative-x direction. 

After 3 seconds, is the acceleration in the positive-x or negative-x direction? 

The acceleration is always positive, equal to 4 m/s2 at all times, so it points in the +x-direction. 

After 3 seconds, is the velocity in the positive-x or negative-x direction? 

Substituting t = 3s into the equation for velocity gives a velocity of +3 m/s, so the velocity at this time is 

in the positive-x direction. 

After 3 seconds, is the position in the positive-x or negative-x direction from the origin? 

Substituting t = 3s into the equation for position gives a position of –13m, so the position at this time is 
in the negative-x direction. 
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NT3E-QRT35: POSITION, VELOCITY, & ACCELERATION SIGNS—POSITION, DIRECTION, & RATE  
Eight possible combinations for the signs for the instantaneous position, velocity, and acceleration of an 
object are given in the table below. Above the table is a coordinate axis that shows the origin, marked 0, 
and that indicates that the positive direction is to the right. The three columns on the right-hand side of the 
table are to describe the location of the object (either left or right of the origin), the direction of the 
velocity of the object (either toward or away from the origin), and what is happening to the speed of the 
object (either speeding up or slowing down at the given instant). The appropriate descriptions for the first 
case are shown.  

Complete the rest of the table for position, direction, and rate. 

 

Speeding upAway fromRight+++

Slowing downAway fromRight–++

Slowing downTowardRight+–+

Speeding upTowardRight––+

Speeding upTowardLeft++–

Slowing downTowardLeft–+–

Slowing downAway fromLeft+––

Speeding upAway fromLeft–––

Rate
(Speeding up or
Slowing down)

Direction
(Toward or
Away from)

Position
(Left or Right)AccelerationVelocityPosition

 
Answer: A positive position indicates that the object is to the right of the origin, and a negative position 
indicates that the object is to the left of the origin. When the position and the velocity have the same 
sign, the object is moving away from the origin, and when they have opposite sign the object is moving 
toward the origin. When the object’s acceleration is the same sign as its velocity, it is speeding up, and 
when the signs are opposite, it is slowing down. 
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NT3E-WWT36: VELOCITY VS. TIME GRAPHS—ACCELERATION  
The graphs show the velocity versus time 
for two boats traveling along a narrow 
channel that runs east to west. The scales 
on both axes are the same for the two 
graphs, and east is positive. In each graph, 
a point is marked with a dot. A student 
who is asked how the acceleration at the 
marked point for the object in graph A 
compares to the acceleration at the marked point for the object in graph B states: 

“I think that at the marked point the boat in graph B has the larger acceleration because the boat in 
graph A is at rest and its acceleration is zero.” 

What, if anything, is wrong with this student’s contention? If something is wrong, identify it, and 
explain how to correct it. If it is correct, explain why. 

Answer: The student’s contention is wrong. Since both graphs have the same slope, both boats 
experience the same acceleration for the intervals shown. The sailboat is changing direction at the 
point indicated in the graph in case A. 

 

 

 

 

 

Velocity

Time

A Velocity

Time

B
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NT3E-QRT37: POSITION, VELOCITY, & ACCELERATION SIGNS II—POSITION, DIRECTION, & RATE 
Eight possible signs combinations for the instantaneous position, velocity, and acceleration of an object 
are given in the table below. Above the table is a coordinate axis that shows the origin, marked 0, and that 
indicates that the positive direction is to the left. The three columns on the right-hand side of the table are 
to describe the location of the object (either left or right of the origin), the direction of the motion of the 
object (either toward or away from the origin), and what is happening to the speed of the object (either 
speeding up or slowing down at the given instant). The appropriate descriptions for the first case are 
shown.  

Complete the table for the object’s location relative to the origin, motion direction from the origin, 
and change in the speed. Please indicate any impossible combinations. 

0  

Speeding up0Right+0+

Speeding up0Right–0+

ConstantAway fromRight0++

ConstantTowardRight0–+

Speeding up0Left+0–

Speeding up0Left–0–

ConstantTowardLeft0+–

ConstantAway fromLeft0––

Rate
(Speeding up or
Slowing down)

Direction
(Toward or
Away from)

Position
(Left or Right)AccelerationVelocityPosition

 
Answer: A positive position indicates that the object is to the right of the origin, and a negative position 
indicates that the object is to the left of the origin. When the acceleration is zero, the object will have a 
constant speed. When the position and the velocity have the same sign, the object is moving away from 
the origin, and when they have opposite sign the object is moving toward the origin. When the object 
has zero velocity, it is not moving, and so its direction is neither toward nor away from the origin. 
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NT3F-WWT38: BICYCLIST ON A HILL—VELOCITY VS. TIME GRAPH 
A bicyclist moving at high speed on a straight road comes to a hill 
that slopes upward gradually. She decides to coast up the hill. A 
physics student observing the bicyclist plots the velocity-time graph 
for her trip up the hill as shown. 

What, if anything, is wrong with this student’s graph? If 
something is wrong, explain the error and how to correct it. If the 
graph is correct, explain why. 

Answer: This is a correct graph. The bicyclist starts out with a large velocity that decreases 
continuously as she goes up the hill, so the graph has to be a straight line with a negative slope. 
 

Velocity, m/s

Time, s
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NT3F-RT39: VELOCITY VS. TIME GRAPHS—DISPLACEMENT OF IDENTICAL OBJECTS 
Graphs of velocity versus time during 4 seconds for six identical objects are shown below. The objects 
move along a straight, horizontal surface under the action of a force exerted by an external agent. 

2 s

A

4 s
0

+2 m/s

–2 m/s

2 s

B

4 s
0

+2 m/s

–2 m/s

2 s

C

4 s
0

+2 m/s

–2 m/s

2 s

D

4 s
0

+2 m/s

–2 m/s

2 s

E

4 s
0

+2 m/s

–2 m/s

2 s

F

4 s
0

+2 m/s

–2 m/s
 

Rank these situations on the basis of the displacement of the objects during each of these intervals. 

Greatest 1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______ Least 

OR, The displacement is the same for all these situations.  ___ 

OR, The displacement is zero for all these situations.  ___ 

OR, We cannot determine the ranking for the displacement for these situations.  ___ 

Please explain your reasoning. 

 

Answer: A = E > C = D =F > B. 
The displacement is equal to the positive or negative area under the graphs of velocity vs time. 
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NT3F-RT40: VELOCITY VS. TIME GRAPHS—AVERAGE VELOCITY OF IDENTICAL OBJECTS 
Graphs of velocity versus time during 4 seconds for six identical objects are shown below. The objects 
move along a straight, horizontal surface under the action of a force exerted by an external agent. 

2 s

A

4 s
0

+2 m/s

–2 m/s

2 s

B

4 s
0

+2 m/s

–2 m/s
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C

4 s
0

+2 m/s

–2 m/s

2 s

D

4 s
0
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–2 m/s

2 s

E

4 s
0

+2 m/s

–2 m/s

2 s

F

4 s
0

+2 m/s

–2 m/s
 

Rank these situations on the basis of the average velocity of the objects during each of these 
intervals.  

Greatest 1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______ Least 

OR, The average velocity is the same but not zero for all these situations.  ___ 

OR, The average velocity is zero for all these situations.  ___ 

OR, We cannot determine the ranking of the average velocity for these situations.  ___ 

Please explain your reasoning. 

 

Answer: A = E > C = D = F > B 
The average velocity is equal to the displacement of the object divided by the time interval of the 
displacement. Since the time intervals are the same, it is enough to rank the displacement which is the 
area between the graph and the horizontal axis. 
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NT3F-RT41: VELOCITY VS. TIME GRAPHS—ACCELERATION OF IDENTICAL OBJECTS 
Graphs of velocity versus time during 4 seconds for six identical objects are shown below. The objects 
move along a straight, horizontal surface under the action of a force exerted by an external agent. 
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Rank these situations on the basis of the acceleration of these objects during each of these intervals.  

Greatest 1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______ Least 

OR, The acceleration is the same but not zero for all these situations.  ___ 

OR, The acceleration is zero for all these situations.  ___ 

OR, We cannot determine the ranking of the acceleration for these situations.  ___ 

Please explain your reasoning. 

 

Answer: A = B = C > E = F > D. 
The acceleration is equal to the positive or negative slope of the graph of velocity vs time. 
 



nTIPERs 
 

43

NT3G-QRT42: POSITION VS. TIME GRAPHS—ACCELERATION AND VELOCITY 
Position versus time graphs for boats traveling along a narrow channel are shown below. The scales on 
both axes are the same for all of these graphs. In each graph, a point is marked with a dot.  

Position

Time

A Position

Time

B Position

Time

C

Position

Time

EPosition

Time

D Position

Time

F

Position

Time

HPosition

Time

G Position

Time

I

 

a) For which of these, if any, is the position zero at the indicated point?  

Answer:  The position is zero for the indicated point in graph C, which can be read directly off of the 
graph. 

b) For which of these, if any, is the position negative at the indicated point?  

Answer:  The position is zero for case C, positive for E, G,  and I, and negative for A, B, D, F, H. 

c) For which of these, if any, is the velocity zero at the indicated point?  

Answer:  The velocity is zero if the slope of the graph is zero at the indicated point, which is that case 
only for graph E. 

d) For which of these, if any, is the velocity negative at the indicated point?  

Answer:  The velocity is given by the slope of the position-time graph, and a negative velocity 
corresponds to a downward-sloping graph at the indicated point.  Graphs D, F, G, and I have negative 
slopes at the indicated point. 

e) For which of these, if any, is the acceleration zero at the indicated point?  

Answer:  A  zero acceleration corresponds to a constant velocity, which in turn corresponds to a linear 
position-time graph.  The acceleration is zero for graph A. 

f) For which of these, if any, is the acceleration negative at the indicated point?  

A negative acceleration corresponds to a velocity graph whose slope is negative, which in turn 
corresponds to a position-time graph that curves downward (i.e., the slope becomes less positive or 
more negative with time.  The accelerations are negative for graphs C, E, F, and H 
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