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Chapter 1: Introduction 
 
 
SI  Units - Systeme International 
 
!  length - meter (m),  mass - kilogram (kg),   time - second (s) 
 
!  Learn prefixes for metric system:  
 
 
Selected Prefixes used in the SI  System: 
 
Prefix Abbreviation Meaning Example    
  
Mega-  M   106  1 megameter (Mm) = 1 x 106 m 
Kilo-  k   103  1 kilometer (km) = 1 x 103 m 
Deci-  d   10-1  1 decimeter (dm) = 0.1 m 
Centi-  c   10-2  1 centimeter (cm) = 0.01 m 
Milli-  m   10-3  1 millimeter (mm) = 0.001 m 
Micro-  µ   10-6  1 micrometer (µm) = 1 x 10-6 m 
Nano-  n   10-9  1 nanometer (nm) = 1 x 10-9 m 
Pico-  p   10-12  1 picometer (pm) = 1 x 10-12 m 
Femto-  f   10-15  1 femtometer (fm) = 1 x 10-15 m 
 
 
 
Rules for Determining Significant figures in Arithmetic Operations 
 
!  For multiplication and division: 
 - Answer must contain as many sig. figs. as value with least number of sig. figs. 
 - Ex. 1.39  x  2.7  =  3.8  (not 3.753 since 2.7 has only 2 sig. figs). 
 
!  For addition and subtraction: 
 - Answer must contain same number of decimal places as value with fewest. 
 - Ex. 1.39  +  2.7  =  4.1 (not 4.09 since 2.7 only has 1 decimal place). 
 
Note: When doing long calculations with several steps there is no need to round off the 
answer after each step. Just wait until you get the final answer and then do it. 
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Converting Units 
 
!  Often when problem solving we need to convert the units before we reach the answer. 
 
 
Problem 1: 
 
An airplane is traveling at 205 m/s, what is this speed in miles/hr? 
(1 mile = 1.609 km) 
 
(a) 0.127 mi/hr (b) 0.13 mi/hr  (c) 459 mi/hr  (d) 460 mi/hr 
 
 
 
 
 
Problem 2: 
 
A cube has side length 2 x 105 nm. What is its volume in cubic meters? 
 
(a) 2 x 10-9 m3  (b) 2 x 10-4 m3  (c) 8 x 10-12 m3 (d) 8 x 10-9 m3  
 
 
 
 
 
 
Coordinate Systems 
 
!  Cartesian - standard coordinates such as (x,y). 
 
!  Plane polar - based on length (r) and angle (! ) from reference point. 
 
 
 
Trigonometry 
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Chapter 2: 1-dimensional motion 
 
 
Velocity 
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Defined as the change in distance over the change in time. 
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Defined as the limit of the average velocity as the time interval becomes infinitesimal. 
Also defined as the slope of the tangent line to the curve at a given time. 
 
Speed is a scalar quantity: meaning that direction is irrelevant, only magnitude counts. 
Thus, speed is defined as the magnitude of the velocity. 
 
Acceleration 
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Equations for 1-Dimensional Motion with Constant Acceleration 
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Problem 3: 
 
Manchester is 350 km north of London. An airplane traveling from London to 
Manchester at a constant speed of 90 m/s experiences a 20 m/s wind that blows due east 
throughout the trip. To maintain the heading of due north, the pilot aims the airplane at 
some angle. How long will it take the airplane to reach Manchester? 
 
(a) 3988 mins  (b) 66.5 mins  (c) 55.1 mins  (d) 4.0 mins 
 
 
 
Problem 4: 
 
A man jumps of a bridge into a river 35 m below. Assuming the speed of sound in air is 
340 m/s, how long did it take a spectator standing on the bridge to hear the splash from 
the moment the man jumped? 
 
(a) 2.7 s  (b) 2.8 s  (c) 7.1 s  (d) 7.2 s 
  
 
 
Problem 5: 
 
Two cars are headed towards each other on a collision course. Car A is traveling at 15 
m/s, car B is traveling at 15 m/s. When they are exactly 100 m apart, they both press on 
the brakes providing each car with a uniform deceleration of 2.5 m/s2. Assuming neither 
car swerves out of the way, how far apart are the two cars when they both stop? 

(a) 90 m  (b) 50 m  (c) 10 m  (d) cars collide 

 
 
Problem 6: 
 
Ball A is thrown straight up at the same time Ball B is dropped from a height of 50 m. 
After 2.5 s the balls collide. What was the initial velocity of Ball A? 
 
(a) 10 m/s  (b) 15 m/s  (b) 20 m/s  (d) 25 m/s 
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Chapter 3: Vectors and 2D Motion 

 

Adding Vectors (Geometrically) 
 

¥ Vectors can be represented by an arrow that indicates the magnitude and direction 
of the vector. 

 
¥ To add one vector to another, place the first vector on a Cartesian scale and then 

place the tail of the second vector directly after the tip of the first vector. 
 

¥ Now draw a line connecting the tail of the first vector to the tip of the second. 
 

¥ This new line represents the vector produced by adding the two vectors together. 
 
 
Adding Vectors (Algebraically) 
 

¥ Split up each vector into its x and y components. 
 

¥ Ax = A cos ! ,  Ay = A sin !  
 

¥ Sum up all the x and y components and use Pythagorean theory to calculate new 
vector. 

 
 

Projectile Motion 
 

¥ The heart of this chapter deals with predicting the outcome of two-dimensional 
motion based on the equations we used for 1dimensional motion. 

¥ To solve questions dealing with 2D motion you must split up each motion vector 
into its x and y components, and then calculate the expected motion for each 
dimension before adding them up together. 

Equations for Maximum Height and Range 
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Problem 7: 

Two identical bullets are located exactly 1.00 m above the ground and are faced 
horizontally, parallel to one another. Bullet A is fired from a gun and travels horizontally 
with a speed of 205 m/s. At the exact same time, Bullet B is released from its position, 
but (unlike Bullet A) has no horizontal velocity and simply drops to the ground below. 
Which bullet, A or B, will hit the ground first? 

 
Problem 8: 
 
A boy standing on top of a 50.0 m building throws a stone with speed 8.0 m/s at an angle 
of 42.0 degrees above the horizontal and watches as the stone first rises and then drops to 
the ground below. How long is the stone in the air before it hits the ground? 
 
(a) 1.9 s  (b) 3.8 s  (c) 7.6 s  (d) 2.7 s 
 
 
 
Problem 9: 

A missile is released from an F-16 Fighter Jet at a height of 2.50 km above the ground. 
The missile initially has a velocity of  20.0 m/s and is traveling horizontally. A person is 
standing directly beneath the F-16 when the missile is launched and watches as it 
eventually lands on the ground ahead of him. How far must the boy travel to reach the 
missileÕs center of impact and what is the missileÕs speed as it hits the ground? 

(a) 452 m, 221 m/s (b) 226 m, 221 m/s (c) 452 m, 222 m/s (d) 226 m, 222 m/s 
 
 
 
Problem 10: 
 
On earth, a stationary ball is kicked with initial velocity, v0, at an angle of 20¡ above the 
horizontal and lands 100 m away. If this same ball were kicked on planet X, where 
gravity is double that on earth, at the same angle but double the initial velocity, 2v0, how 
far away would it land? 
 
(a) 50 m  (b) 100 m  (c) 200 m  (d) 400 m 
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Chapter 4: Newton’s Laws of Motion 
 
 
Understanding Force 
 
!  There are two main classes of force: 
 
- Contact Force: A force resulting from physical contact (pushing, pulling, kicking etc.) 
 
- Field Force: A force resulting from non-physical contact (gravity, electricity, 
magnetism) 
 
 
Sir Isaac Newton: A Brief History 
 
!  Born and died in England, 1642 - 1727. 
 
!  Arguably historyÕs greatest physicist and mathematician. 
 
!  Discovered fundamental laws about mechanics, motion, light, and gravity that are still 

applicable today, and invented calculus. 
 
!  Also a total loser. 
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NewtonÕs Three Laws of Motion 
 
 
NewtonÕs First Law: 
 
An object will keep still or remain moving at a constant velocity unless a net force is 
applied to it. 
 
!  The term Ònet forceÓ implies the vector sum of all external forces exerted on the 

object. 
 
!  The tendency for an object to maintain its original state of motion is called inertia.  
 
 
NewtonÕs Second Law: 
 
The effect of a force on an object free to move is to change its momentum such that  
force x time = momentum change produced. 
 
!  This basically implies the following equation:   
 
" F = ma,  
 
" F is the vector sum of all external forces, m is the mass, a is the acceleration.  
 
!  The SI unit of force is the newton, N. 
!  1 N  =  1 kg # m / s2 
!  Weight, w, can be measured in newtons and is the product of mass, m, and the 

acceleration due to gravity, g.  
!  So, w = mg. 
 
NewtonÕs Third Law: 
 
Forces always occur in pairs, equal in magnitude but acting in opposite directions. 
 
!  This means that for every action force, there is a reaction force. 
 
!  For example: 
 
A brick falls towards the earth because it experiences a force exerted by earth due to 
gravity (this can referred to as the action force) and thus accelerates downwards. 
Simultaneously, the earth experiences an equal force (the reaction force) exerted by the 
brick, also due to gravity, and so the earth accelerates upwards towards the brick. 
However, since the earthÕs mass is so large, its acceleration is negligible. 
 
The Normal Force 
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!  Carrying on from the previous example:  
 
What happens if the brick is resting on a table? 
 
The forces due to gravity are still in play, meaning that the brick and the earth still 
experience an attractive force. So why then does the brick not fall through the table? 
The reason is that the table itself exerts a force on the brick that is equal in magnitude to 
the force which is pulling the brick towards earth. 
 
!  This force exerted by the table is called the normal force, n, and is perpendicular to 

the table surface. 
 
 
Applying NewtonÕs Laws 
 
!  The key to solving questions involving forces and/or motion is drawing a “free-body 

diagram”. 
 
!  A free-body diagram shows the object in question and all the forces acting on it, but 

not the forces that it exerts on its surroundings. 
 
!  That way we are dealing only with the forces that determine the crateÕs motion. 
 
!  The next step is to choose a coordinate system that fits the diagram and to split all 

forces into their x and y components (this course doesnÕt deal with 3D motion). 
 
!  Finally, solve for the unknown variables. 
 
 
Problem 11: 
 
A car with mass 1500 kg accelerates from rest to a speed of 25 m/s and travels 62.5 m in 
doing so. What is the resultant force on the car from the road? 
 
(a) 7500 N  (b) 14700 N  (c) 16500 N  (d) 22200 N 
 
 
Problem 12: 
 
A man with mass 100 kg is standing on a scale inside an elevator. If the elevator is 
accelerating downwards at 4.9 m/s2, what reading will the scale give for the manÕs 
weight? 
 
(a) 1470 N  (b) 980 N  (c) 490 N  (d) 0 N 
Problem 13: 
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A bowling ball weighing 15 N is suspended from the ceiling by three ropes, as shown 
below. If the ball is stationary, what is the tension in each of the three ropes? 

 
Problem 14: 
 
A sled weighing 320 N is pulled with a rope at a constant force of 85 N, at an angle of 
60¡ above the horizontal for a period of 3 seconds. Assuming the surface is frictionless 
and the sled was initially still, what is the velocity of the sled after 3.0 seconds and after 
5.0 seconds? 
 
(a) V3 = 3.9 m/s, V5 = 3.9 m/s   (b) V3 = 3.9 m/s, V5 = 6.5 m/s  
(c) V3 = 5.4 m/s, V5 = 8.2 m/s   (d) V3 = 5.4 m/s, V5 = 6.5 m/s  
 
 
Problem 15: 
 
A cable is attached to a stationary box that is resting on a 25¡ incline, as shown below. If 
the box has mass 3 kg, what is the tension in the cable and the normal force exerted on 
the box (neglecting friction)? 
 

 
 
(a) T = 26.7 N, n = 12.4 N  (b) T = 12.4 N, n = 26.7 N 
(c) T = 9.8 N, n = 18.2 N  (d) T = 18.2 N, n = 9.8 N  
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Forces of Friction 
 
 
!  When a force is applied to an object, another force arises that resists the direction of 

motion. 
 
!  This force comes from the interaction between the object and the surface or medium 

through which it is trying to move. 
 
!  We call this force the force of friction. 
 
!  There are two main types of frictional force: 
 
 
Static Friction 
 
Imagine a brick lying still on a road. If a small horizontal force is applied, the brick does 
not move. The reason it remains still is because another force counteracts it by acting in 
the opposite direction. This opposing force is called the force of static friction, fs. 
 
!  As long as the brick remains still, fs will equal the applied force. 
 
!  However, if the applied force is increased to a specific amount, the force of static 

friction gives way and the brick is allowed to move. 
 
!  This means that fs has a limit, which is defined by: 
 

fs   $   µ s   x   n 
 
where µ s is a constant called the coefficient of static friction, and n is the magnitude of 
the normal force exerted on the object by the surface. 
 
!  Therefore, if the object is not touching a surface, it cannot have a normal force, 

and thus no frictional force either. 
 
!  Also, the coefficient µ s is a value that depends solely on the surface and the object on 

which it is resting. 
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Kinetic Friction 
 
Continuing from the previous example... 
 
Imagine that the force applied to the brick is great enough to overcome fs. This means 
that the brick will now start to accelerate in the direction of the applied force. However, 
at this point another frictional force arises that also opposes the direction of motion. This 
force is called the force of kinetic friction, fk. 
 
!  In general, fk is always less than fs. 
 
!  If the applied force is equal in magnitude to fk, then the net force on the brick is zero, 

meaning that acceleration is zero and the brick will move at a constant speed. 
 
!  To determine fk we use the following equation: 
 

fk   =  µk   x   n 
 
where µk is the coefficient of kinetic friction, and n is the normal force. 
 
 
Remember these rules about kinetic friction, fk, the applied force, F, and acceleration, a: 
 
!  If  fk < F, then a > 0, and the object will accelerate in the direction of F. 
 
!  If  fk > F, then a < 0, and the object will decelerate in the opposite direction of F. 
 
!  If  fk = F, then a = 0, and the object will travel in the direction of F at a constant 

speed. 
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Problem 16: 
 
A suitcase with mass 10.0 kg is placed on a 40.0¡ incline. If the coefficient of static 
friction between the suitcase and the incline is 0.220, what is the minimum force that 
must be applied to the suitcase (parallel to the incline) to stop it from sliding down the 
incline? 
 
Note: for a more difficult version of this type of problem, try applying the force 
perpendicular to the incline. 
 
(a) 12.5 N  (b) 32.6 N  (c) 46.5 N  (d) 55.8 N 
 
 
 
Problem 17: 
 
Consider two objects, A with m = 3.0 kg is on a horizontal table, and B with m = 6.0 kg 
is connected to A by a lightweight string and a frictionless pulley system. Given that µk 
between A and the surface is 0.35, and B is falling vertically towards the ground, what is 
the acceleration of A? É. and calculate the tension, T, in the string (why not?) 
 
Acceleration:   (a) 9.8 m/s2 (b) 6.5 m/s2 (c) 5.4 m/s2 (d) 4.9 m/s2 
 
Tension:  (a) 88 N (b) 29 N (c) 26 N (d) 0 N 
 
 
 
Problem 18: 
 
A flatbed truck moving along a horizontal surface at 10 m/s is transporting planks of 
wood. If the coefficient of static friction between the planks and the truckÕs surface is 
0.40, what is the minimum stopping distance the truck can have without the planks 
sliding? 
 
(a) 12.8 m  (b) 10.0 m  (c) 7.7 m  (d) 4.9 m 
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Chapter 5: Energy 
 
Work   
 

W  =  F║  x  %X 
 
!  Defined as the product of the displacement and any parallel force component. 
 
!  Work done is specific for each force applied and has units of Joules, J. 
 
!  Often is written as: W  =  Fcos!   x  %X, 
 
where !  is the angle between the direction and the force applied. 
 
 
 
Problem 19: 
 
A constant force of 100 N is applied horizontally to a 20 kg block causing it to accelerate 
along a horizontal surface at 3.1 m/s2. What is the work done by friction as the block 
travels 20 m? 
 
(a) 38 J  (b) 760 J  (c) Ð38 J  (d) Ð760 J 
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Kinetic Energy  
 

KE  =  ½mv2 

 
¥ Any object with mass has kinetic energy if it moving. 

 
!  Can be related to total (net) work done when there is a change in an objectÕs speed: 

 

WNet  =  %KE 
 
 
Potential Energy     
 
There are two types of potential energy we encounter this chapter: 
 

¥ Gravitational Potential Energy, PEg, measures energy stored due to height, h: 

 
PEg  =  mgh 
 

!  Can be related to work done due to gravity using the following equation: 
 

Wg  =  - %PE 
 
 

¥ Spring Potential Energy, PEs, measures energy stored by springÕs compression 
or extension, x: 

 

PEs  =  ½kx2 
 
¥ Can be related to spring’s force using the following equation: 

 

Fs =  - kx 
 
Note that k is the spring constant (measured in N/m) and is different for every spring 
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Conservation of Mechanical Energy 
 
!  The sum of potential and kinetic energy before and after are equal to one another: 
 

0=!+! PEKE  
 
!  This applies ONLY when an object interacts via conservative forces, meaning that 

there are no frictional forces and/or externally applied forces. 
 
 
 
Problem 5: 
 
A man swings on a 12.0-m rope that is initially 31.0¡ from the vertical. If he pushes off 
with a speed of 3.50 m/s, what is his speed at the bottom of the swing? 
 
(a) 4.20 m/s  (b) 5.51 m/s  (c) 6.77 m/s  (d) 8.95 m/s 
 
 
 
 
Problem 20: 
 
When a spring is compressed 10 cm from equilibrium it stores 120 J of potential energy. 
What compression (from equilibrium) would store 175 J for the same spring? 
 
(a) 10.1 cm  (b) 11.0 cm  (c) 11.9 cm  (d) 12.1 cm 
 
 
 
 
Problem 21: 
 
A small solid ball with mass 6.0 kg is pushed down a frictionless incline of length 5.0 m 
that makes a 30.0¡ angle with the horizontal. When it reaches the bottom the incline 
levels off and the ball compresses a horizontal spring a distance of 95 cm before 
momentarily coming to rest. If the spring constant, k, is 420 N/m, what was the initial 
speed of the ball just after being pushed? 
 
(a) 790 m/s  (b) 3.8 m/s   (c) 1.1 m/s  (d) 0 m/s 
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Conservation of Mechanical Energy (Nonconservative Forces) 
 
!  Often mechanical energy is not conserved due to losses via friction, heat etc and/or 

external forces (like pulling or pushing an object). 
!  To readjust the equation for conservation of energy when there are nonconservative  

forces present use the following modified version 

NC
W=!+! PEKE  

Conservative vs. Non-conservative Forces 
 
!  Conservative: when work done, Wc, is independent of the path taken (ex. gravity). 
!  Non-conservative: when work done, Wnc, depends on the path taken (ex. Friction, 

Applied Forces). 
 
Problem 22: 
 
A crate is at rest on the top of a frictionless incline that is 15 m high. The crate is allowed 
to slide down until it reaches the ground, where it then travels an unknown distance, d, in 
the horizontal direction before coming to rest. If the coefficient of friction between the 
ground and the crate is 0.250, calculate d. 
 
(a) 60 m  (b) 55 m  (c) 48 m  (d) 40  
 
 
Problem 23: 
 
A block with mass 10 kg, is speeding along the positive x-axis on a rough surface at v = 
+8.25 m/s when a force, F = 100 N, is applied at an angel of 60¡ above the negative x-
axis. Despite the constant applied force, the block travels a distance, d = +5.0 m before 
coming into contact with a horizontal spring, k = 200 N/m, which is initially at 
equilibrium on the surface, as shown below:  

 
 
If the block finally comes to a momentary rest when the springÕs compression is 50 cm, 
what is the coefficient of static friction between the block and the surface? 
 
(a) 0.83  (b) 0.64  (c) 0.50  (d) There is no spoon 
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Power: 
 
!  Defined as the amount of energy given over a period of time: 
 

vF
t
xF

t
W

=
!
!

=
!

="
 

 
where power is given as an average in Js or Watts, W. 
 
 
 
 
Problem 24: 
 
A 25 kg dog runs up a flight of stairs in 11 seconds. If each step is 25 cm high and there 
are a total of 15 steps, what is the dogÕs average power output? 
 
(a) 8.35 kW  (b) 5.57 kW  (c) 83.5 W  (d) 55.7 W 
 
 
 
 
 
 
 
 
Problem 25: 
 
A block with mass 60 kg is pulled at a constant speed of 7 m/s along a flat horizontal 
surface by an applied force of 90 N at an angle of 30¡ from the vertical. At what rate does 
the force do work on the block? 
 
(a) 630 W  (b) 546 W  (c) 315 W  (d) 103 W 
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Chapter 6: Momentum and Collisions 
 
 

Momentum 
 
!  Momentum, P, is defined as the product of an objects mass and velocity: 
 

P  =  m  x  v 
 
!  Based on NewtonÕs Second Law, we can determine that: 
 

%P   =   Favg  x   %t  =  Impulse, J, (Ns) 
 
Problem 26: 
 
A car with mass 1200. kg is traveling to the right with speed 25.0 m/s when it hits a wall. 
The collision lasts 0.35s at which point the car is now moving to the left at a speed of 1.5 
m/s. What is the average force exerted on the car by the wall? 
 
(a) 32 kN to the right   (b) 91 kN to the right   
(c) 32 kN to the left   (d) 91 kN to the left 
 
 
 
Problem 27: 
 
A beer bottle falls into a swimming pool from a height of 1 m above the surface. If the 
bottleÕs downward motion is completely stopped 0.3 s after hitting the water, what is the 
average upward force exerted on the bottle by the water?  
(Assume bottleÕs mass is 0.5 kg). 
 
(a) 4.9 N  (b) 7.4 N  (c) 15 N  (d) 16 N 
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Conservation of Momentum 
 
!  For any given system consisting of two objects, we find that the total momentum of 

the system remains constant before and after they collide. 
 
!  This is expressed using the following formula: 
 
 

(m1v1)i   +   (m2v2)i    =    (m1v1)f    +   (m2v2)f 
 

 
Defining Collisions 
 
!  Elastic: no energy is lost during collision - P and KE are conserved. 
 
!  Inelastic: energy is lost during collision - KE is not conserved. 
 
!  Perfectly Inelastic: objects stick together and so final velocity is same. 
 
 

¥ For Elastic Collisions involving two objects colliding head on: 
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Problem 28: 
 
Two billiard balls of identical shape and mass are on a collision course. One of the balls, 
B1, is moving at + 8.0 m/s, the other, B2, is moving at Ð 9.8 m/s. After the collision, 
which is elastic, what are the respective velocities of the two balls? 
 
(a) Velocity of B1 = - 4.9 m/s, Velocity of B2 = + 16 m/s   
(b) Velocity of B1 = - 9.8 m/s, Velocity of B2 = + 8.0 m/s 
(c) Velocity of B1 = + 8.0 m/s, Velocity of B2 = - 9.8 m/s  
(d) Velocity of B1 = + 16 m/s, Velocity of B2 = - 4.9 m/s 
Problem 29: 
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A bullet with mass 15 g is traveling at 350 m/s when it strikes a stationary wooden object 
with mass 500 g. The bullet emerges on the other side of the object but has slowed to 75 
m/s. What is the kinetic energy of the object? 
 
(a) 17 J  (b) 21 J  (c) 441 J  (d) 875 J 
 
 
 
Problem 30: 
 
Object A is traveling horizontally at 10 m/s when it collides with object B, which was 
stationary. Immediately after the collision, object A has slowed to 2.5 m/s and is directed 
at an angle of 20¡ relative to its original heading. What is the speed of object B if its mass 
is twice that of object A? 
 
(a) 3.8 m/s   (b) 2.5 m/s  (c) 6.4 m/s  (d) 5.0 m/s 
 
 
 
Problem 31: 
 
A firecracker, initially at rest, explodes into two pieces. Immediately after, the larger 
piece, with 75% of the total mass, travels at 2.5 m/s at an angle of 30¡ above the positive 
x-axis. What is the velocity of the other (smaller) piece? 
 
(a) 7.5 m/s, 30¡ above negative x-axis (b) 0.83 m/s, 30¡ below negative x-axis 
(c) 7.5 m/s, 30¡ below negative x-axis (d) 0.83 m/s, 30¡ above negative x-axis 
 
 
 
Problem 32: 
 
A block with mass 24.0 kg is hanging from the ceiling by a rope. A bullet, with mass 
25.0g is fired directly into the center of the block and becomes lodged there, causing the 
block to swing like a pendulum. During the swing the block reaches a maximum height 
of 0.50 cm. What is the initial speed of the bullet? 
 
(a) 301 m/s  (b) 210 m/s  (c) 151 m/s  (d) 105 m/s  
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Chapter 7: Rotational Motion  
 

Defining Angular Speed and Acceleration 
 
!  Continuing with the laws of motion, we introduce rotational motion. 
 
!  Displacement, !" , is the change in angle when moving in a circular path. 
 
!  However, instead of using degrees, we use radians (rad). 
 
!  To convert from degrees to radians use the following expressions: 
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!  Angular Speed, &, is the change in angle over change in time: 
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!  Angular Acceleration, ' , is the change in angular speed over change in time: 
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Rotational Motion with Constant Acceleration 
 
!  As with linear motion, we have a set of similar equations for rotational motion: 
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Problem 32: 
 
A helicopter rotor initially makes 200 revolutions per minute. If it undergoes an angular 
acceleration of 2.5 rad/s2, what is its angular speed after 5 seconds? 
 
(a) 21 rad/s  (b) 30 rad/s  (c) 33 rad/s  (d) 48 rad/s 
 
 
 
 
 
 
 
Relating Angular and Linear Motion 
 
!  For an object moving in a circular path, we can determine its linear speed in the 

direction that is tangent to the path. 
 
!  This is referred to as the tangential speed: 
 

!rvt =
 

 
where r is the distance from the center of the circular arc to any point on the object 
 
!  Likewise, we can determine the acceleration tangent to the circular path. 
 
!  This is referred to as the tangential acceleration: 
 

!rat =
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Centripetal Acceleration 
 
!  Often there are two forms of acceleration acting on an object. 
 
!  The most obvious one is based on a change in the magnitude of velocity. 
 
!  The other comes from a change in the direction of velocity. 
 
!  For circular motion, an object can have an acceleration that causes its direction to 

constantly change without altering its linear velocity. 
 
!  This is referred to as centripetal acceleration, and is defined by: 
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!  The total acceleration of a point on an object is: 
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Involving Forces 
 
!  The force acting on an object in the direction pointing towards the center is what 

causes centripetal acceleration. 
 
!  This force can be any of the forces we have previously encountered; gravity, normal 

force, friction, tension etc. 
 
!  The force is defined by NewtonÕs second law: 
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!  If this force is no longer present, the object cannot continue to move in a circular path 

and instead will move along a straight line tangent to the circle. 
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Problem 33: 
 
The highlight of a popular rollercoaster ride is its loop-the-loop, which is essentially a 
circular track in the vertical direction with radius 30 m, shown below: 

 
If the mass of the rollercoaster (plus passengers) is 2500 kg, what is the normal force 
exerted on the vehicle by the track at point A and at point B, if it maintains a speed of 20 
m/s? 
 
(a) nA = 58 kN , nB = 33 kN  (b) nA = 58 kN , nB = 58 kN   
(c) nA = 33 kN , nB = 33 kN  (d) nA = 33 kN , nB = 58 kN 
 
 
 
Problem 34: 
 
Based on the above question, what minimum speed is required at the top of the track for 
the rollercoaster to successfully complete its loop-the-loop?  
 
(a) 20.0 m/s  (b) 17.1 m/s  (c) 15.5 m/s  (d) 9.8 m/s 
 
 
 
 
Problem 35: 
 
An amusement park ride (The Gravitron) consists of a cylindrical room that rotates at a 
sufficient speed such that the people inside are able to stick to the wall without falling 
down. If the room has a radius of 5.0 m and the coefficient of static friction between the 
wall and people is 0.30, how fast must this ride be rotating for it to work? 
 
(a) 13 m/s  (b) 15 m/s  (c) 25 m/s  (d) 3 x 108 m/s 
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Problem 36: 
 
A record player is accelerated from rest to an angular velocity of 3.0 rad/s in 0.25 s. A 
ladybug, located 15 cm from the record playerÕs center, manages to remain stationary on 
the player as it undergoes this acceleration. What is the minimum coefficient of static 
friction between the ladybug and record player?  
 
(a) 2.25  (b) 0.98  (c) 0.23  (d) 0.14 
 
 
 
 
 
Problem 37: 
 
A solid sphere with mass 2 kg is attached to a string and twirled in a vertical circle of 
radius 75 cm. If the string breaks when the tension exceeds 350 N, what is the maximum 
speed the sphere can have before the string breaks? 
 
(a) 11.1 m/s  (b) 11.8 m/s  (c) 26.7 m/s  (d) 27.1 m/s 
 
 
 
 
 
 
Problem 38: 
 
A racecar travels at a constant speed of 20 m/s on a circular track with radius 60 m.  
What is the minimum value for the coefficient of static friction between the tires and the 
road to prevent the car from sliding if the track is banked toward the inside of the track at 
an angle of 15¡? 
 
(a) 1.0   (b) 0.44  (c) 0.50  (d) 0.64 
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Newton’s Law of Universal Gravitation 
 
!  Basically, this law says that every particle attracts every other particle with a force 

that is based on their masses and distance between them. 
 
!  Mathematically, we express this using the following equation: 
 

2
21

r
mm
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where G is the constant of universal gravitation and equals 6.673 x 10-11 N m2 / kg2 

 
!  The gravitational force is a field force and always exists regardless of what my lie 

between to objects. 
 
!  The gravitational force is relatively small, except that it becomes so apparent since 

the earthÕs mass is so large. 
 
 
 
Problem 39: 
 
Object A has a mass that is 10 times greater than the mass of Object B which is located a 
distance D from A. If the only force acting on the two objects is gravity, which of the 
following statements is true? 
 
(i) As the objects move towards each other, their accelerations increase. 
(ii) The force acting on object B is 10 times larger than the force acting on object A. 
(iii) The acceleration of object B is 10 times greater than the acceleration of object A. 
 
(a) i only  (b) ii and iii  (c) ii only  (d) i and iii 
 
 
 
Problem 40: 
 
Two objects with masses 11 kg and 15 kg are separated by a distance of 75 cm. Another 
object, with mass 2 kg, is placed in between them at a point where the net gravitational 
force exerted by the two objects is zero. Where is this point? 
 
(a) 22 cm from 11 kg  (b) 35 cm from 11 kg   
(c) 42 cm from 11 kg  (d) cannot be determined 
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Gravitational Potential Energy 
 
¥ Previously, when calculating gravitational potential energy, we assumed the 

gravitational force, g, to be a constant.  
 
¥ However, for situations where two masses are a considerable distance apart, we use 

the following formula to calculate potential energy: 
 

 

r
GMm

PEg !=  

 
where r is the distance between the center of both masses. 
 
¥ Note that the law for Conservation of Energy is still applicable, but that we replace 

mgh with the above formula. 
 
¥ Using the above formula, we are also able to determine the escape speed for any 

planet or large mass: 
 

R
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where M is the mass of the planet, and R is its radius. 
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Chapter 8: Rotational Equilibrium and Rotational Dynamics 
 
 
Torque 
 
!  Continuing with chapter 7Ôs concepts, we now consider the effect a force has on 

rotational motion. 
 
!  In short, the degree to which a force is able to rotate an object about some axis is 

partly based on the distance between the axis and the force being applied. 
 
!  We measure a forceÕs tendancy to rotate an object by a quantity called torque (Nm). 
 

 Fd=!  
 
where d is referred to as the lever arm of the force, F. 
 
!  The lever arm is the distance from the axis of rotation to a line that is drawn along 

the direction of the force. 
 
!  This distance must be perpendicular to the direction of the force. 
 
!  If the torque results in counterclockwise motion, the sign is positive. 
!  If the torque results in clockwise motion, the sign is negative. 
 
!  The net torque acting on an object about the same axis is found by adding the 

individual values of each torque. 
 
!  Remember, for any force applied, the resulting torque comes from the portion of 

force that is prependicular to the axis of rotation. 
 
Problem 41: 
 
Two forces are applied to the ends of a 2.0 m pole that is hinged at the center, as shown 
below. Force 1 has magnitude 10 N and is directed 60¡ above the pole. Force 2 has 
magnitude 12 N and is directed 30¡ above the pole. What is the net torque acting on the 
pole? 

 
(a) 15 Nm  (b) 8.7 Nm  (c) 2.7 Nm  (d) No net torque 
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Equilibrium 
!  Previously, we learned that for a system to remain in equilibrium, the net force 

acting on an object must equal zero. 
!  Now, for an object to remain in rotational equilibrium, the net torque about the 

axis must equal zero. 
!  If an object is in equilibrium, the location you choose for the axis of rotation is 

arbitrary and will produce the same results no matter where it is located. 
 
Problem 42: 
 
A 10-m plank of wood with mass 100 kg is placed on top of two scales such that each 
end of the plank is resting at the center of a scale. A 10 kg block is then placed on top of 
the plank at a distance of 2.0 m from the left scale. What is the reading on the right and 
left scales? 
 
(a) 550 N, 550 N (b) 500 N, 600 N (c) 520 N, 580 N (d) 560 N, 540 N 
 
Problem 43: 
 
A drawbridge is attached to the base of a castle wall at one end and is supported by a 
strong cable at the other end, which is also attached to the castle wall, as shown below. 
The drawbridge is 7 m long and has mass 1000 kg. In addition, a man weighing 500 N is 
standing on the drawbridge a distance of 2 m from the castle. Calculate the force exerted 
on the drawbridge by the castle wall. 
 

 
 
(a) 4230 N  (b) 5260 N  (c) 6750 N  (d) 8430 N 
 
Problem 44: 
 
A ladder is placed against a frictionless wall, while its base rests on a surface with 
coefficient of static friction 0.30, as shown below. What is the minimum angle between 
the ladder and the surface at which the ladder will remain in position and not slip? 

 
(a) 59¡   (b) 55¡   (c) 48¡   (d) 44¡ 
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Center of Gravity 
 
!  To calculate the torque on an object due to the force of gravity, we first must locate 

the objectÕs center of gravity, CG. 
 
!  It is at this location that all the weight can be thought of as concentrated at a single 

point, and thus calculating the total torque can be done at that precise location. 
 
!  For an object lying on the xy plane, we can calculate its CG by splitting up its 

individual masses into their x and y coordinates and then taking the average. 
 
!  This is represented by the following equations: 
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Problem 45: 
 
A flat rectangular plank of wood, with uniform mass, has its upper right quadrant 
removed, as shown blow. What is the plankÕs new center of mass relative to the origin? 
 

 
(a) x = 3.0 m, y = 2.0 m  (b) x = 2.5 m, y = 1.7 m  
(c) x = 1.5 m, y = 1.5 m  (d) x = 0 m, y = 0 m 
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Relating Torque and Angular Acceleration 
 
 
!  From last week we remember that the torque on an object can be calculated using the 

following equation: 
 

!" I=
 

 
where I = mr2 and is a constant called the moment of inertia. 
where r is the distance from the rotational origin to the center of mass, m 
and '  is the angular acceleration. 
 
 
!  For a system of individual particles making up one object, the moment of inertia, I, 

of the system depends on how the mass is distributed throughout the object relative 
to the location of the axis of rotation. 

 
 
Problem 46: 
 
A stick of negligible mass and length 2 m has 4 four identical balls attached to it as 
shown below. The stick can be rotated about the origin, O, providing it with rotational 
inertia, I. If one of the balls is removed, the maximum percentage of the original inertia 
that the system can have is closest to: 
 
(a) 80%  (b) 85%  (c) 90%  (d) 95% 
 

 
 
 
Problem 47: 
 
What is the rotational inertia of a uniform 1-m ruler, with mass 400 g, if it is hinged at the 
25 cm mark? 
 
(a) 0.083 kg m2 (b) 0.058 kg m2 (c) 0.021 kg m2 (d) 0.010 kg m2 
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Problem 48: 
 
A solid cylindrical reel supported by an axle is able to rotate when a massless chord 
wrapped around it is pulled with a force, F, as shown below. Starting from rest the reel 
reaches an angular velocity of 10 rad/s after 5 secs? Given that the reelÕs mass is 10 kg 
and its radius is 10 cm, what is the magnitude of the applied force, F?  
(Note: Inertia for reel given by 0.5MR2) 
 

 
(a) 1 N   (b) 2 N   (c) 10 N  (d) 20 N 
 
 
 
Problem 49: 
 
A solid cylindrical reel with mass 5 kg and radius 0.50 m has its cord wrapped around it, 
as shown below. Attached to the other end of the cord is an object with mass 4 kg. If the 
object starts from rest and is allowed to fall for 2 seconds before hitting the ground, how 
far does it fall (neglecting friction)?  
 

 
 
(a) 7.8 m  (b) 10 m  (c) 12 m  (d) 15 m 
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Rotational Kinetic Energy: Conservation of Mechanical Energy 
 
 
!  We can measure the rotational kinetic energy of an object using: 
 

2
2
1 !IKEr =

 
 

!  With that in mind, for an object that rolls or rotates as it moves, we must consider 
this portion of mechanical energy as a factor when using the conservation of 
mechanical energy. 

 
!  In short, for an isolated system, the conservation of mechanical energy is expressed: 
 

finalgrtinitialgrt PEKEKEPEKEKE )()( ++=++
 

 
!  Remember that when relating angular and linear velocity, v = &R. 
 
 
 
Problem 50: 
 
A solid ball starting from rest rolls down an incline that is 3.0 m above the ground. What 
is its linear speed as it comes off the incline? 
 
(a) 6.0 m/s  (b) 6.5 m/s  (c) 8.5 m/s  (d) 9.0 m/s 
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Angular Momentum 
 
!  We can express the angular momentum, L, of an object as: 

!IL =  
 

!  This provides us with yet another means of calculating torque using the following: 

t
L

!
!

="
 

 
!  Thus torque is simply the change in angular momentum over the change in time. 
 
!  This means that if the net torque on an object is zero, the angular momentum of 

the system is conserved and does not change. 
 
 
Problem 51: 
 
An ice-skater spins with one foot on the ice and both arms stretched out wide. When she 
pulls her arms in, she finds that her angular velocity doubles. What is the ratio of the 
girlÕs final kinetic energy to her initial kinetic energy (assume the ice is frctionless)? 
 
(a) 1   (b) 2   (c) 4   (d) 8 
 
 
 
 
 
Problem 52: 
 
A man with mass 75 kg initially stands on the edge of a merry-go-round that has mass 
150 kg, circumference 7.1 m and is rotating with an angular speed of 1.0 rad/s. As the 
man moves toward the center of the ride, the angular speed changes. What is the angular 
speed when he is half the distance to the center?  
 
(a) 1.6 rad/s  (b) 1.7 rad/s  (c) 1.8 rad/s  (d) 1.9 rad/s 
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Chapter 9: Fluids 
 
Solid Matter 
 
" Solids can be defined as either crystalline or amorphous. 
 
" Crystaline Ð atoms/molecules arranged in ordered structure/lattice (like salts). 
 
" Amorphous Ð atoms/molecules arranged randomly (like in glass) 
 
Deformation of Solids 
 
" WeÕre talking about how to change the shape of a solid by applying forces, and how 

easily the solid returns to its original shapeÉt his is referred to as elasticity. 
 
" Specifically, weÕre talking about relating stress (the force causing deformation) with 

strain (the degree of this deformation). 
 
" The result is the Elastic Modulus, E.M., which is like the stiffness of the material: 

strain
stress

ME =..  

YoungÕs Modulus: Elasticity of Length 
 
" Here we define two variables: 
 
Tensile stress Ð force, F, over the perpendicular cross-sectional area, A, of the material 
(N/m2) or Pa. 
Tensile strain Ð ratio of change in length, ΔL, over original length, L0. 
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Bulk Modulus: Elasticity of Volume 
 
" Here we define two variables: 
 
Volume stress Ð force, F, over the perpendicular cross-sectional area, A, of the material 
(N/m2) or Pa. 
Volume strain Ð ratio of change in Volume, ΔV, over original Volume, V0. 
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Problem 53: 
 
A 4.0 kg ball is attached to the end of a 20 cm cord, with tensile strength 15 Mpa and 
diameter 6.0 mm. If the other end of the cord is fixed to a horizontal frictionless table and 
the ball is set in horizontal rotational motion, what is the maximum angular speed the ball 
can have before the cord breaks? 
 
(a) 13 rad/s  (b) 10 rad/s  (c) 5.3 rad/s  (d) 2.8 rad/s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Problem 54: 
 
Aluminum has a Bulk modulus of 2.0 x 108 Pa. A solid aluminum object is dropped into 
the ocean where it sinks to a depth where the pressure is 2.0 x 107 Pa. By what percentage 
does its volume change? 
 
(a) 10 %  (b) 20 %  (c) 30 %  (d) no change 
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Density and Pressure 
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Measuring Pressure 
 
" At Different depths of a fluid, the measured pressure changes. 
 

ghPP !+= 0  
 
where P0 is the atmospheric pressure at sea level (eg. 1 atm). 
where ρ is the density of the fluid at a depth of h. 
 
 
Problem 55: 
 
A square container with length 12.0 m and depth 0.500 m is filled with water at room 
temperature and allowed to rest on the floor. What is the resulting pressure on the floor 
due to the container, neglecting the mass of the container itself? 
 
(a) 4.90 kPa  (b) 106 kPa  (c) 118 kPa  (d) 219 kPa 
 
 
 
 
 
Problem 56: 
 
For the previous question, what is the average force exerted on the side of the container 
by the water? 
 
(a) 14.7 kN  (b) 353 kN  (c) 706 kN  (d) No force 
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Fluids in Motion 
 
" When studying certain variables like density, pressure, velocity etc. of a fluid as it is 
moving, we assume that the liquid is an ideal fluid. 
 
" For an ideal fluid, the following conditions must be satisfied: 
 
1. No viscosity Ð no friction between internal layers of the fluid. 
2. No compressibility Ð this means that density remains constant. 
3. Steady motion Ð this means that density, pressure and velocity are constant. 
4. No turbulence Ð basically means that all kinetic energy is translational not rotational. 
 
 
" When these conditions are met the following is true: 
 

2211 vAvA =  
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This is BernoulliÕs equation. 
 
 
Problem 57: 
 
A large cylindrical container with no cover is 4-m deep and completely filled with a 
liquid. If the wall of the container is pierced 1.5 m from the bottom, what is the speed of 
the emerging liquid as it escapes through the hole? 
 
(a) 25 m/s  (b) 7 m/s  (c) 10 m/s  (d) 1.5 m/s 
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Pascal’s Principle 
 
A change in pressure at one area of an enclosed fluid is transmitted to every point of the 
fluid and to the walls of the container. 
 
This basically means that for a container with two openings, the pressure applied to the 
fluid at one opening will equal the change in pressure exerted by the fluid at the other 
end. 
 
 
Problem 58: 
 
Two pistons with circular cross section are connected by an incompressible fluid. Piston 
1 has a force applied to it such that piston 2 is able to life a block of mass 1000 kg. If 
piston 2 has a radius twice that of piston 1, what is the force applied to piston 1? 
 

 
 
 
(a) 39.2 kN  (b) 9.80 kN  (c) 4.90 kN  (d) 2.45 kN 
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Archimedes’s Principle 
 
" ArchimedesÕs principle is complicated in derivation, but it essentially says two things: 
 

1. For an object submerged in fluid, the volume of fluid displaced equals 
the volume of object submerged. 

 
2. The buoyant force acting up on the object equals the weight of the liquid 

displaced by the object. 
 
 
Problem 59: 
 
An object, with mass 200 kg and volume 0.1 m3, is submerged in a fluid with density 1.2 
g/cm3 and is held in place by a rope, as shown below. What is the tension in the rope? 
 

 
 
(a) 1960 N  (b) 1176 N  (c) 784 N  (d) 0 N 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

42 

Problem 60: 
 
An empty balloon with mass 900 g is filled with a low-density gas until it reaches a 
volume of 1 m3. The balloon is then released into the atmosphere. If the density of the gas 
is 10% of the density of air, what is the balloonÕs acceleration closest to? 
(Assume density of air is 1.29 kg/m3). 
 
(a) 2.5 m/s2 downwards (b) 9.8 m/s2 downwards  \ 
(c) 9.8 m/s2 upwards  (d) 2.5 m/s2 upwards 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Problem 61: 

Ice typically has a density of 900 kg/m3. When a block of ice floats on water, what 
percentage of its volume is visible above the surface? 
 
(a) 10% (b) 50% (c) 90% (d) cannot be determined 
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Chapter 13: Vibrations and Waves 
 
 
HookeÕs Law 
 

¥ Based on the harmonic motion of a spring: 
 

kxF
s

!=  
 
where k is the spring constant, and x is the displacement of the object from its 
equilibrium postion. 
 
 
Mechanical Energy 
 

¥ We can determine the potential and kinetic energy of a spring system using: 
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where A represents the maximum extension of the spring (the amplitude of the wave), 
 

¥ This equation can also be expressed to solve for velocity: 
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Energy of a wave particle 
 

¥ For any given particle at some position, x, we can determine its mechanical 
energy at two specific locations: 

 
- When the particle is at the waveÕs amplitude, it has zero kinetic and only 

potential energy. 
 

- When the particle passes through the x = 0 point, it has maximum kinetic and 
zero potential energy. 

 
 
 
Problem 62: 
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A block with mass 45 g is attached to a horizontal spring with k = 2.5 N/m, and 
undergoes simple harmonic motion along a flat, frictionless surface. At the instant that it 
is displaced by 25 cm from equilibrium, what is the magnitude of the acceleration? 
 
(a) 1.4 m/s2  (b) 0.0014 m/s2 (c) 3.8 m/s2  (d) 0.0038 m/s2 
 
 
 
 
 
Problem 63: 
 
Based on the previous question, calculate the maximum speed the block can have if its 
amplitude is 35 cm. 
 
(a) 3.5 m/s  (b) 2.6 m/s  (c) 1.1 m/s  (d) 0.8 m/s 
 
 
 
 
 
 
 
 
Problem 64: 
 
Continuing still with the previous question, a smaller block, m = 15 g, is placed on top of 
the original block and their surfaces have a coefficient of static friction equal to 0.50. 
What is the maximum displacement the 2-block system can have without the smaller 
block slipping? 
 
(a) 29.4 cm  (b) 11.8 cm  (c) 6.00 cm  (d) 3.00 cm 
 
 
 
 
 
 
 
 
 
 
 
 
Period and Frequency of Simple Harmonic Motion 
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¥ We define simple harmonic motion (SHM) as a repetitive motion which goes 

though cycles due to a force that acts opposite to the direction of motion. 
 

¥ This type of motion has a:  
 

- Period, T: time (s) required to complete one cycle 
- Frequency, f: number of cycles per second 

 
For SHM: 
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We can also monitor the position of x at any given time using: 

)2cos( ftAx !=  
 
 
Pendulums 
 

- The motion of a pendulum is analogous to that of a spring. 
- They both follow simple harmonic motion under standard conditions. 

 
The period, T, of a simple pendulum is: 

g
L

T !2=  

 
Examining Wave Features 
 

- For a given wave expressing SHM, we can define certain characteristics: 
 
Frequency, f: cycles per second. 
Amplitude, A: maximum height/displacement of wave. 
Wavelength, " : distance between each cycle. 
 
Wave Speed: 
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Problem 64: 
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Two identical pendulums undergo SHM on earth and on the moon. By what factor is the 
frequency of motion greater on earth than it is on the moon? (g on the moon is one sixth 
the value on earth). 
 
(a) 6.0   (b) 61/2   (c) 2.0   (d) 1.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
Problem 65: 
 
Object A undergoes vertical simple harmonic motion as it hangs from a spring with a 
frequency of 15 Hz. When object B is attached to A the frequency is reduced to 2.5 Hz. 
By what factor is the mass of B greater than the mass of A. 
 
(a) 5   (b) 6   (c) 35   (d) 36 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 14: Sound 
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Speed of Sound 
 

- In air, the speed of sound is 331 m/s at T = 0¡. 
 
- The speed of sound is not only affected by temperature, but by the medium 

through which it travels. 
 

- The general formula for the speed of sound , v, is: 
 

273
331

T
v =  

 
where T is the temperature (in Kelvin). 
 
 
The Doppler Effect 
 

- Based on the findings of another loser physicist from Austria around 150 years 
ago. 

 
- Essentially, the Doppler Effect happens when there is relative motion between a 

source of sound waves and an observer. The result is a change in the 
frequency of the sound wave. 

 
 

- The observed frequency, f’, based on relative motion, is calculated with: 
 

!!
"

#
$$
%

&

±

±
=

s

o

vv
vv

ff '  

 
where f is the frequency of the source, 
v is the speed of sound in the given medium, 
vo is the speed of the observer  
vs is the speed of the source  
 

- Remember the correct sign for speed using these rules: 
 
When moving towards one another: vo is positive, vs is negative. 
 
When moving away from one another: vo is negative, vs is positive. 
Problem 66: 
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A child standing on a station platform hears an approaching train at a frequency of 1250 
Hz. The train however, emits a frequency of 1050 Hz. What is the speed of the train? 
Note: Assume speed of sound is 343 m/s. 
 
(a) 55 m/s  (b) 65 m/s  (c) 151 m/s  (d) 343 m/s 
 
 
 
 
 
 
 
Problem 67: 
 
Based on the previous question, if the train moves at a slower speed as it approaches, the 
observed frequency is only 1100 Hz. What is the observed frequency after the train 
passes the child, assuming it maintains this slower speed? 
 
(a) 1150 Hz  (b) 1100 Hz  (c) 1050 Hz  (d) 1000 Hz 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


