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Physics 12



Name: ___________________________ Velocity Vectors Worksheet



1. An airplane is travelling 1000. km/h in a direction 37 o east of north. a. Find the components of the velocity vector.



v



vx v sin 37 (1000.) sin 37



vy v cos 37 (1000.) cos 37  800km / h



 600km / h



b. How far north and how far east has the plane travelled after 2.0 hours? d y dx v  vx  y t t d y dx 600  800  2.0 2.0 dx 1200km east d y 1600km north 2. A motorboat whose speed in still water is 8.25 m/s must aim upstream at an angle of 25.5 o (with respect to a line perpendicular to the shore) in order to travel directly across the stream. a. What is the speed of the current? vbw 8.25m / s, 25.5upstream from the perpendicular vws ? vbs vbw vws vws



vbw



vbs
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Name: ___________________________ sin 



vws



vbw v sin 25.5  ws 8.25 vws  3.55m / s b. What is the resultant speed of the boat with respect to the shore? vbw 8.25m / s, 25.5upstream from the perpendicular vbs ? Using the above diagram, v cos  bs vbw vbs 8.25 vbs  7.45m / s



cos 25.5 



3. Lucas wishes to fly to a point 450 km due south in 3.0 h. A wind is blowing from the west at 50.0 km/h. Compute the proper heading and airspeed that Lucas must choose in order to reach his destination on time. Let vag (the velocity of the air with respect to the ground) be the velocity of the wind; vpa will be the velocity of the plane with respect to the air (which will give the heading and required air speed). d y 450km S t 3.0h vag 50.0km / h E vpa ? Since we know where he wants to be in 3.00 h, we can compute the required groundspeed (speed of the plane with respect to the ground) d y vpg  t 450km 3.0 150km / h S 
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Name: ___________________________



vpg vpa vag (In other words, the plane’s air velocity added to the wind will



give us the ground velocity)



vpa



vpg



vag



2 vpa  vpg vag2



v tan  ag vpg



 1502 502 160km / h



50.0  150



 18



vpa 160km / h, 18W of S 4. Marisa aims a boat that has a speed of 8.0 m/s in still water directly across a river that flows at 6.0 m/s. a. What is the resultant velocity of the boat with respect to the shore? vbw 8.0m / s  vws 6.0m / s  vbs ? vbs vbw vws vws



vbw



vbs
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Name: ___________________________ 2 2 vbs  vbw vws



 (8.0) (6.0) 2



2



tan 



6.0



8.0 37



10.m / s



vbw 10.m / s, 37downstream from the perpendicular



b. If the stream is 240 m wide, how long will it take Marisa to row across? d 240m vbw 8.0m / s t ? d t 240



v  8.0 



t t  30. s c.



How far downstream will Marisa be? vws 6.0m / s t 30. s d ?



v  6.0 



d t d



30. d 180m 5. An airplane whose airspeed is 200. km/h heads due north. But a 100. km/h wind from the northeast suddenly begins to blow. What is the resulting velocity of the plane with respect to the ground? vpa 200.km / h N vag 100.km / h SW vpg ?



vpg vpa vag
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Name: ___________________________ vagx



vagy



vag vpa vpg



vpgy vpgx



vagy vag sin 45 (100.) sin 45 70.7km / h vpgy vpa vagy 200. (70.7) 129km / h



2 2 vpg  vpgx vpgy



 (70.7)2 (129)2 147km / h



vagx vag cos 45 (100.) cos 45 70.7km / h vpgx vagx 70.7km / h v tan pgy vpgx 129  70.7 61.3



vpg 147km / h, 61.3N of W 6. An airplane is heading due north at with an airspeed of 300. km/h. If a wind begins blowing from the southwest at a speed of 50.0 km/h, calculate a. the velocity of the plane with respect to the ground, and vpa 300.km / h N vag 50.0km / h NE vpg ?



vpg vpa vag
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Name: ___________________________ vagx



vagy



vag



vpg



vpgy



vpa



vpgx



vagx vag sin 45



vpgx



(50.0) sin 45 35.4km / h vagx 35.4km / h



2 2 vpg  vpgx vpgy



 (35.4)2 (335)2 337km / h



vagy vag cos 45



vpgy



(50.0) cos 45 35.4km / h vpa vagy 300. 35.4 335km / h v tan pgy vpgx 335 35.4 84.0



vpg 337km / h,84.0N of E b. how far off course it will be after 30.0 min if the pilot takes no corrective action. It is only the east component of the wind that is blowing the plane off course, since the plane set out going north; the north component is actually helping the plane go north.
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Name: ___________________________ d t d 35.4  0.500 d 17.7km v 



c.



Assuming that the pilot has the same airspeed of 300. km/h, what heading should he use to maintain a course due north? We still have the same vector equation as before, but now the velocity of the plane with respect to the ground must be pointed north. vpg vpa vag vagx



vagy



vag



vpg vpay



vpa



vpax



vpax vagx 35.4km / h v cos pax vpa 35.4  300.



83.2N of W



83.2



d. What is his new speed with respect to the ground?
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Name: ___________________________ v sin pay vpa sin 83.2  vpay



vpg vpay vagy



v pay



298 35.4



300. 298km / h



 333km / h



7. A swimmer is capable of swimming 1.80 m/s in still water. a. If she aims her body directly across a 200.0 m wide river whose current is 0.80 m/s, how far downstream (from a point opposite her starting point) will she land? vx vws 0.80m / s vy vpw 1.80m / s d y 200.0m dx ? First, find out how long it takes to cross the river: d y v  y t 200.0 1.80  t t 111s This time can now be used to calculate how far downstream she is carried by the water: vx  0.80 



dx t dx



111 d x  89m b. What is her velocity with respect to the shore? vps vpw vws vws



vpw



vps
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Name: ___________________________ vps  v 2pw v 2ps  (1.80) (0.80) 2



2.0 m / s



2



tan 



0.80



1.80 24



vbw 2.0 m / s, 24downstream from the perpendicular



c.



At what upstream angle must the swimmer aim if she is to arrive at a point directly across the stream? The velocity of the boat with respect to the shore must now be in the ydirection: vws vps



vpw



sin 



vws vpw



0.80  1.80  26 The swimmer must aim 26upstream from the perpendicular 8. A pilot wishes to make a flight of 300. km northeast in 45 minutes. If there is to be an 80.0 km/h wind from the north for the entire trip, what heading and airspeed must she use for the flight? d pg 300.km NE t 45 min 0.75h vag 80.0km / h S vpa ? d vpg 



pg



t



300. 0.75 400km / h 



vpg vpa vag vpa vpg (vag )
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Name: ___________________________ vpax vag



vpay vpa vpg



vpgy



vpgx



vpgy vpg cos 45



vpgx vpg sin 45



(400) cos 45 280km / h



(400) sin 45 280km / h vpay vpgy (vag )



vpax vpgx



280 80.0 360km / h



280km / h



v tan  pax vpay



2 2 vpa  vpax vpay



 (280)2 (360)2



280  360



460km / h



38



460km / h, 38E of N



9. A car travelling at 15 m/s N executes a gradual turn, so that it then moves at 18 m/s E. What is the car's change in velocity? vi 15m / s N v v v v f 18m / s E v ?



f



i



v f (vi )
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Name: ___________________________ vf



vi



v



tan  v  v 2f vi2



vi vf



2 2  (18) (15)



23m / s



15 18 40.



v 23m / s, 40.S of E



10. A plane's velocity changes from 200. km/h N to 300. km/h 30.0o W of N. Find the change in velocity. vi 200.km / h N v v f vi v f 300.km / h, 30.0W of N v (v ) f



v ?



vfx



vi



vfy vf



vy



v vx



v fx v f sin 30.0 (300.) sin 30.0 150.km / h



v fy v f cos 30.0 (300.) cos 30.0 260.km / h



i



Physics 12



Name: ___________________________ vy v fy (vi )



vx v fx



260. (200.) 60.km / h



150.km / h



tan 



v  v2x v2y  (150)2 (60.)2



v y vx



60. 150. 22



160.km / h v 160km / h, 22N of W



11. A plane is flying at 100. m/s E. The pilot changes its velocity by 30.0 m/s in a direction 30.0o N of E. What is the plane's final velocity? vi 100.m / s E v v f vi v 30.0m / s, 30.0N of E v f vi v v f ? vfx vf



vfy



v vx



vi



vx v cos 30.0 (30.0) cos 30.0 26.0m / s v fy vy 15.0m / s



v f  v 2fx v 2fy  (126)2 (15.0)2 127m / s v f 127m / s, 83.2E of N



vy



vy v sin 30.0 (30.0) sin 30.0 15.0m / s v fx vi vx 100. 26.0 126m / s tan 



v fx v fy



126 15.0  83.2



Physics 12



Name: ___________________________



12. A ferryboat, whose speed in still water is 2.85 m/s, must cross a 260 m wide river and arrive at a point 110 m upstream from where it starts. To do so, the pilot must head the boat at a 45 o upstream angle. What is the speed of the river's current? vbw 2.85m / s dbsy 260m dbsx 110m vws ? dbsx



dbsy



dbs



tan 



dbsx dbsy



110  260  23 vws



vbsx vbs



vbwy



vbw



vbsy



vbwx



vbwx vbw cos 45 (2.85) cos 45 2.0m / s vbsy vbwy 2.0m / s



vbwy vbw sin 45 (2.85) sin 45 2.0m / s vbsx vbsy tan (2.0) tan 23 0.85m / s
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Name: ___________________________ vbsx vbwx vws



0.85 2.0 vws vws 1.2m / s
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