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More Newton’s Law

Chapter 6



A Multiple Choice: 

Shown below is a system of blocks and frictionless pulley. Block A has a mass of 5.0 kg and 
is on a rough surface (μs = 0.40). Block C has mass of 4.0 kg. 

An external force P = 25.0 N is applied vertically on Block A to keep system in equilibrium. 
The mass on block B is closest to:

a) 2.3 kg b) 2.6 kg c) 2.1 kg d) 2.8 kg e) 3.1 kg
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MIDTERM #2, PHYS 1101 (INTRODUCTORY PHYSICS), 12 November 2010 

NAME:     STUDENT ID: 

This exam book has 2 double-sided pages including useful equations on 

the last page. 
PART I: MULTIPLE CHOICE QUESTIONS  (question 1 to 5) 

For each question circle the correct answer (a,b,c,d or e). 
 

1. (2 points) Shown below is a system of blocks and frictionless pulley. Block A has a mass of 

5.0 kg and is on a rough surface (µs = 0.40). Block C has mass of 4.0 kg. 
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An external force P = 25.0 N is applied vertically on Block A to keep system in equilibrium. 

The mass on block B is closest to: 

a) 2.3 kg       b) 2.6 kg    c) 2.1 kg     d) 2.8 kg         e) 3.1 kg 

HINT: Draw a free-body diagram of C to find tension. 
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2. (2 points) In the above diagram an external force P = 160 N is applied to a 20-kg box, which 

is on a rough horizontal surface. The box moves a distance of 8.0 m, in 4.0 s, and the speed 

changes from  v1 = 0.5 m/s to v2 = 2.6 m/s. The work done by friction is closest to: 

a) -1040 J     b)  +1040 J      c)   +1170  J         d)  + 1110 J      e)  -1170 J 

 

3. (2 points) A packing crate rests on a horizontal surface. It is acted on by three horizontal 

forces: 600 N to the left, 200 N to the right, and friction force. The weight of the crate is 400 

N. If the 600-N force is removed, the resultant force is 

a) zero  b)  200N to the left   c) 200N to the right     d) 400N to the left            

e) impossible to determine from information given 
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A Multiple Choice: Solution starts with 
drawing FBD 
Shown below is a system of blocks and frictionless pulley. Block A has a mass 
of 5.0 kg and is on a rough surface (μs = 0.40). Block C has mass of 4.0 kg. 

An external force P = 25.0 N is applied vertically on Block A to keep system in 
equilibrium. The mass on block B is closest to:
a) 2.3 kg b) 2.6 kg c) 2.1 kg d) 2.8 kg e) 3.1 kg
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MIDTERM #2, PHYS 1101 (INTRODUCTORY PHYSICS), 12 November 2010 

NAME:     STUDENT ID: 

This exam book has 4 pages including an equation sheet on the last page 
PART I: MULTIPLE CHOICE QUESTIONS  (question 1 to 5) 

For each question circle the correct answer (a,b,c,d or e). 
1. (2 points) Shown below is a system of blocks and frictionless pulley. Block A has a mass of 

5.0 kg and is on a rough surface (µs = 0.40). Block C has mass of 4.0 kg. An external force P = 

25.0 N is applied vertically on Block A to keep system in equilibrium. The mass on block B is 

closest to: a) 2.3 kg       b) 2.6 kg    c) 2.1 kg     d) 2.8 kg         e) 3.1 kg 
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From the blue force diagram on block C: TC = MCg = 4.0 kg (9.8 m/s
2
) = 39.2 N 

At the red force where 3 ropes meet three tensions, TA, TB, and TC must be balanced For the 

verticle component WB = mBg =  = TC cos 40° = 39.2 N cos 40° = 30 N 

Solving mB =
30N

9.8m / s
2
= 3.1kg  ANSWER: e) 
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2. (2 points) In the above diagram an external force P = 160 N is applied to a 20-kg box, 

which is on a rough horizontal surface. The box moves a distance of 8.0 m, in 4.0 s, and the 

speed changes from  v1 = 0.5 m/s to v2 = 2.6 m/s. The work done by friction is closest to:  

a) -1040 J     b)  +1040 J      c)   +1170  J         d)  + 1110 J      e)  -1170 J 

Use work-energy theorem: work by P  plus work by friction (Wfriction) = change in KE 
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(Wfriction = !1043J  

Answer a) -1040 J 
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From the blue force diagram on block C:

!" = $"% = 4.9)%×9.8, - ./0 = 39.23
At the red forces where 3 ropes meet three 

tensions, TA, TB, and TC must be balanced

Vertical Component:

4567,9 = !" cos 40° − !@ = 0
!@ = !" cos 40° = 39.23× cos 40° = 303

But !@ = $@% → $@ = 3.1)%
ANSWER: E

TB

MBg



Pushing 2 boxes with friction, ch6 p20
• A Box A (!" = 1.20()) and Box A (!* = 3.40()) is pushed by a 

horizontal force, F = 12.2 N. It accelerates to the right. If Box A feels a force 
of friction of -." = 2.1/, and on B, -.* = 5/. Calculate the force between 
the boxes, 1"* and 1*".

A
BF a

-.*-."

B

12* = !*)

!*)

-.*1*" Box B, x-comp:
1*" − -.* = !*4 [1]

A
-."

!")

F

1"*
Box A, x-comp:
1 − 1"* − -." = !"4 [2]

12" = !")Solution: Add 1 and 2
1 − 1"* − -." +1*" −-.* = !" +!* 4

Use 3rd law: 1*" = 1"*
F − -." − -.* = !" +!* 4 → 4 = 1.11! 8 9:;

Using [1], 1*" = -.* + !*4 = 5/ + 3.4()×4 = 8.77/
Verify with [2]!



2-Body with friction II
In the diagram below block A has a mass of 4.00 kg and block B has mass 8.00 kg. Block A is on a table with  
frictionless coefficient, !" = 0.3, !' = 0.2, and moving left.  Calculate the Tensions TAB and Acceleration a. 
The rope is massless, and there is no friction between the rope and pulley. Will the acceleration increase 
compare to the last problem?

A

B

y

x

a

a

TAB

TAB

)*+

),+

-.,
Draw FBD B:

Y-comp: /,* − )*+ = −)*1 [1] 

Draw FBD A:

Y-comp: -., = 39.23
It already moving! Friction is kinetic, 4 = 4' = -.,!' = 7.843
X-comp: /,* + 4' = ),1, 

/,* = −4' + ),1 [2]
Solution: Subs [2] into [1]

−4' + ),1 −)*+ = −)*1 → )*+ + 4' = )* +), 1
1 = )*+ + 4'

)* +),
= 8<+×9.8> ? @AB + 7.843

8<+ + 4<+ = 7.19> ? @AB

Use [2] /,* = −4' + ),1 = −7.843 + 4<+×7.19> ? @AB = 20.923

fk

Verify with [1]

/,* = 8<+ + − 1 = 20.883

v



Example 3: Another problem
In the diagram below block A has a mass of 4.00 kg, block B has mass 12.00 kg, block C has mass 
8.00 kg. Block A  is resting on a table with  frictionless coefficient, !" = 0.2, !' = 0.1.  Block A is 
released from rest, calculate the Tensions TAB , TBC and Acceleration a. The rope is massless, and 
there is no friction between the rope and pulley.

A

B

y
x

a

a

TAB

TAB

)*+

),+

-., Draw FBD B:

Y-comp: /,* − )*+ = −)*1 [1] 

Draw FBD A:

Y-comp: -., = 39.24
Maximum static friction, 5",789 = -.,!" = 7.84 4. Will it move?

)*+ make A move right, )=+ make A move left
)*+ −)=+ − 5" = 31.364 > 0

It will move! Friction is kinetic, 5 = 5' = -.,!' = 3.924
X-comp: /,* − /*= − 5' = ),1, [2]

Draw FBD C:

Y-comp: /*= − )=+ = )=1 [3] 

C

)=+

TBC

TBC

5

a



Example 3: Finding acceleration and Tensions, Part I
In the diagram below block A has a mass of 4.00 kg, block B has mass 12.00 kg, block C has mass 
8.00 kg. Block  A is resting on a table with  frictionless coefficient, !" = 0.2, !' = 0.1.  Block A is 
released from rest, calculate the Tensions TAB , TBC and Acceleration a. The rope is massless, and 
there is no friction between the rope and pulley.

A

B

y
x

a

a

TAB

TAB

)*+

),+

-.,
/,* − )*+ = −)*1 [1] 
X-comp: /,* − /*2 − 3' = ),1, [2]
Y-comp: /*2 − )2+ = )21 [3]
3 equations, 3 unknowns: 1, /,*, /*2
Add [2] and [3]

/,* − /*2 − 3' +/*2 − )2 + =. ), 1 + )21
LHS of [2]          LHS of [3]       RHS of [2]  RHS of [3]

/,* − 3' −)2 + = ), +)2 1
/,* = 3' +)2 + + ), +)* 1 [4]

Subs [4] into [1], /,* − )*+ = −)*1
3' +)2 + + ), +)2 1 −)*+ = −)*1
), +)* +)2 1 = )* −)2 + − 3'

1 = )* −)2 + − 3'
), +)* +)2

C

)2+

TBC

TBC

3'

a



Example 3: Finding acceleration and Tensions, Part II
In the diagram below block A has a mass of 4.00 kg, block B has mass 12.00 kg, block C has mass 
8.00 kg. Block A is resting on a table with  frictionless coefficient, !" = 0.2, !' = 0.1.  Block A is 
released from rest, calculate the Tensions TAB , TBC and Acceleration a. The rope is massless, and 
there is no friction between the rope and pulley.

A

B

y
x

a

a

TAB

TAB

)*+

),+

-.,
/,* − )*+ = −)*1 [1] 
X-comp: /,* − /*2 − 3' = ),1, [2]
Y-comp: /*2 − )2+ = )21 [3]
3 equations, 3 unknowns: 1, /,*, /*2

1 = )* −)2 + − 3'
), +)* +)2

From earlier, 3' = 3.928
1 = 129+ − 89+ + − 3.928

49+ + 129+ + 89+ = 1.47 =>?
Use [3] to find /*2
/*2 = )2 + + 1 = 89+ 9.8 @"A + 1.47

@
"A =90.16N

Use [1] to find /,*
/,* = )* + − 1 = 129+ 9.8 @"A − 1.47

@
"A =99.96N

Verify Using [2], /,* − /*2 − 3' = ),1

C

)2+

TBC

TBC

3'

a

99.968 − 90.168 − 3.928 = 49+×1.47= D >E?
5.88N = 5.88N



2-Body incline problem (10 Points)

FBD of Box B that assumes B accelerates up, but B is moving down
(velocity is down): FBD is 1 point
Use 2nd law, !"#$% = ' − )*+ = )*,, or in numerical form

' − 4/+ + = 4/+ ,
' − 39.24 = 4/+ ,, [1]

Equation [1] has two unknowns tension T and 

acceleration a. (2 points)

In the diagram below, box A (mass mA = 5 kg) is on a 8 = 53.1∘ incline with friction coefficients: ;< = 0.5
and ;> = 0.15. It is connected to a hanging Box B by an ideal rope passed through a frictionless pulley. 

Box B has mass mB = 4 kg. If Box B is falling find the acceleration of Box B and the tension in the rope.
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In the diagram below, box A (mass mA = 5 kg) is on a ! = 53.1∘ incline with friction 
coefficients: () = 0.5 and (+ = 0.15. It is connected to a hanging Box B by an ideal rope passed 
through a frictionless pulley. Box B has mass mB = 4 kg. If Box B is falling find the 
acceleration of Box B and the tension in the rope. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The solution is found by adding equation [1] and [2] to obtain 

, − 39.20 + 43.61 − , = (456)8 + (556)8 
4.410 = (956)8 → 8 = 0.49 :;< , (>	@ABCD) 

Substituting 8 = 0.49 E)F into equation [1] gives	, − 39.20 = (456)G0.49 E)FH = 41.160. (1 
point)Students should verify the value of the tension with equation [2]. Since a > 0, our 
assumption is correct A accelerates down, and B is accelerating up. 
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FBD of Box B that assumes B accelerates up, but B is 
moving down (velocity is down): FBD is 1 point 
 
Use 2nd law, IJKLM = , −:N6 = :N8, or in numerical form 

, − (456)6 = (456)8 
, − 39.20 = (456)8,								[1] 

Equation [1] has two unknowns tension T and  
acceleration a. (2 points) 

a 
v 

FBD of Box A that assumes A accelerates down incline, but A is 
moving up incline: FBD is 2 points 
Y-com – IJKLM = IQ −:R6ST;! = 0 → 

IQ = (556)9.8 :;< ST;53.1 = 29.40 
Kinetic Friction: V+ = IQ(+ = 29.40 × 0.15 = 4.410, (>	@ABCD) 
X-com 2nd law, IXKLM = :R6;YZ! + V+ − , = :R8, 

43.610 − , = (556)8.							[2] 
Equation [2] has two unknowns tension T and a. (2 points) 
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In the diagram below, box A (mass mA = 5 kg) is on a ! = 53.1∘ incline with friction 
coefficients: () = 0.5 and (+ = 0.15. It is connected to a hanging Box B by an ideal rope passed 
through a frictionless pulley. Box B has mass mB = 4 kg. If Box B is falling find the 
acceleration of Box B and the tension in the rope. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The solution is found by adding equation [1] and [2] to obtain 

, − 39.20 + 43.61 − , = (456)8 + (556)8 
4.410 = (956)8 → 8 = 0.49 :;< , (>	@ABCD) 

Substituting 8 = 0.49 E)F into equation [1] gives	, − 39.20 = (456)G0.49 E)FH = 41.160. (1 
point)Students should verify the value of the tension with equation [2]. Since a > 0, our 
assumption is correct A accelerates down, and B is accelerating up. 
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FBD of Box B that assumes B accelerates up, but B is 
moving down (velocity is down): FBD is 1 point 
 
Use 2nd law, IJKLM = , −:N6 = :N8, or in numerical form 

, − (456)6 = (456)8 
, − 39.20 = (456)8,								[1] 

Equation [1] has two unknowns tension T and  
acceleration a. (2 points) 

a 
v 

FBD of Box A that assumes A accelerates down incline, but A is 
moving up incline: FBD is 2 points 
Y-com – IJKLM = IQ −:R6ST;! = 0 → 

IQ = (556)9.8 :;< ST;53.1 = 29.40 
Kinetic Friction: V+ = IQ(+ = 29.40 × 0.15 = 4.410, (>	@ABCD) 
X-com 2nd law, IXKLM = :R6;YZ! + V+ − , = :R8, 

43.610 − , = (556)8.							[2] 
Equation [2] has two unknowns tension T and a. (2 points) 
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In the diagram below, box A (mass mA = 5 kg) is on a ! = 53.1∘ incline with friction 
coefficients: () = 0.5 and (+ = 0.15. It is connected to a hanging Box B by an ideal rope passed 
through a frictionless pulley. Box B has mass mB = 4 kg. If Box B is falling find the 
acceleration of Box B and the tension in the rope. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The solution is found by adding equation [1] and [2] to obtain 

, − 39.20 + 43.61 − , = (456)8 + (556)8 
4.410 = (956)8 → 8 = 0.49 :;< , (>	@ABCD) 

Substituting 8 = 0.49 E)F into equation [1] gives	, − 39.20 = (456)G0.49 E)FH = 41.160. (1 
point)Students should verify the value of the tension with equation [2]. Since a > 0, our 
assumption is correct A accelerates down, and B is accelerating up. 
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FBD of Box B that assumes B accelerates up, but B is 
moving down (velocity is down): FBD is 1 point 
 
Use 2nd law, IJKLM = , −:N6 = :N8, or in numerical form 

, − (456)6 = (456)8 
, − 39.20 = (456)8,								[1] 

Equation [1] has two unknowns tension T and  
acceleration a. (2 points) 

a 
v 

FBD of Box A that assumes A accelerates down incline, but A is 
moving up incline: FBD is 2 points 
Y-com – IJKLM = IQ −:R6ST;! = 0 → 

IQ = (556)9.8 :;< ST;53.1 = 29.40 
Kinetic Friction: V+ = IQ(+ = 29.40 × 0.15 = 4.410, (>	@ABCD) 
X-com 2nd law, IXKLM = :R6;YZ! + V+ − , = :R8, 

43.610 − , = (556)8.							[2] 
Equation [2] has two unknowns tension T and a. (2 points) 

FBD of Box A that assumes A accelerates down incline, but A is moving up incline: FBD is 2 points
Y-com – !"#$% = !? − )@+ABC8 = 0 →

!? = 5/+ 9.8
)
CF
ABC53.1 = 29.44

Kinetic Friction: G> = !?;> = 29.44×0.15 = 4.414, (J KLMNO)
X-com 2nd law, !Q#$% = )@+CRS8 + G> − ' = )@,,

43.614 − ' = 5/+ ,. [2]
Equation [2] has two unknowns tension T and a. (2 points)



2-Body incline problem (10 Points), Part 2

! − 39.2' = 4*+ ,, [1]

In the diagram below, box A (mass mA = 5 kg) is on a 1 = 53.1∘ incline with friction coefficients: 45 = 0.5
and 47 = 0.15. It is connected to a hanging Box B by an ideal rope passed through a frictionless pulley. 
Box B has mass mB = 4 kg. If Box B is falling find the acceleration of Box B and the tension in the rope.
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In the diagram below, box A (mass mA = 5 kg) is on a ! = 53.1∘ incline with friction 
coefficients: () = 0.5 and (+ = 0.15. It is connected to a hanging Box B by an ideal rope passed 
through a frictionless pulley. Box B has mass mB = 4 kg. If Box B is falling find the 
acceleration of Box B and the tension in the rope. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The solution is found by adding equation [1] and [2] to obtain 

, − 39.20 + 43.61 − , = (456)8 + (556)8 
4.410 = (956)8 → 8 = 0.49 :;< , (>	@ABCD) 

Substituting 8 = 0.49 E)F into equation [1] gives	, − 39.20 = (456)G0.49 E)FH = 41.160. (1 
point)Students should verify the value of the tension with equation [2]. Since a > 0, our 
assumption is correct A accelerates down, and B is accelerating up. 
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FBD of Box B that assumes B accelerates up, but B is 
moving down (velocity is down): FBD is 1 point 
 
Use 2nd law, IJKLM = , −:N6 = :N8, or in numerical form 

, − (456)6 = (456)8 
, − 39.20 = (456)8,								[1] 

Equation [1] has two unknowns tension T and  
acceleration a. (2 points) 

a 
v 

FBD of Box A that assumes A accelerates down incline, but A is 
moving up incline: FBD is 2 points 
Y-com – IJKLM = IQ −:R6ST;! = 0 → 

IQ = (556)9.8 :;< ST;53.1 = 29.40 
Kinetic Friction: V+ = IQ(+ = 29.40 × 0.15 = 4.410, (>	@ABCD) 
X-com 2nd law, IXKLM = :R6;YZ! + V+ − , = :R8, 

43.610 − , = (556)8.							[2] 
Equation [2] has two unknowns tension T and a. (2 points) 
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In the diagram below, box A (mass mA = 5 kg) is on a ! = 53.1∘ incline with friction 
coefficients: () = 0.5 and (+ = 0.15. It is connected to a hanging Box B by an ideal rope passed 
through a frictionless pulley. Box B has mass mB = 4 kg. If Box B is falling find the 
acceleration of Box B and the tension in the rope. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The solution is found by adding equation [1] and [2] to obtain 

, − 39.20 + 43.61 − , = (456)8 + (556)8 
4.410 = (956)8 → 8 = 0.49 :;< , (>	@ABCD) 

Substituting 8 = 0.49 E)F into equation [1] gives	, − 39.20 = (456)G0.49 E)FH = 41.160. (1 
point)Students should verify the value of the tension with equation [2]. Since a > 0, our 
assumption is correct A accelerates down, and B is accelerating up. 
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FBD of Box B that assumes B accelerates up, but B is 
moving down (velocity is down): FBD is 1 point 
 
Use 2nd law, IJKLM = , −:N6 = :N8, or in numerical form 

, − (456)6 = (456)8 
, − 39.20 = (456)8,								[1] 

Equation [1] has two unknowns tension T and  
acceleration a. (2 points) 

a 
v 

FBD of Box A that assumes A accelerates down incline, but A is 
moving up incline: FBD is 2 points 
Y-com – IJKLM = IQ −:R6ST;! = 0 → 

IQ = (556)9.8 :;< ST;53.1 = 29.40 
Kinetic Friction: V+ = IQ(+ = 29.40 × 0.15 = 4.410, (>	@ABCD) 
X-com 2nd law, IXKLM = :R6;YZ! + V+ − , = :R8, 

43.610 − , = (556)8.							[2] 
Equation [2] has two unknowns tension T and a. (2 points) 
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In the diagram below, box A (mass mA = 5 kg) is on a ! = 53.1∘ incline with friction 
coefficients: () = 0.5 and (+ = 0.15. It is connected to a hanging Box B by an ideal rope passed 
through a frictionless pulley. Box B has mass mB = 4 kg. If Box B is falling find the 
acceleration of Box B and the tension in the rope. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The solution is found by adding equation [1] and [2] to obtain 

, − 39.20 + 43.61 − , = (456)8 + (556)8 
4.410 = (956)8 → 8 = 0.49 :;< , (>	@ABCD) 

Substituting 8 = 0.49 E)F into equation [1] gives	, − 39.20 = (456)G0.49 E)FH = 41.160. (1 
point)Students should verify the value of the tension with equation [2]. Since a > 0, our 
assumption is correct A accelerates down, and B is accelerating up. 
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FBD of Box B that assumes B accelerates up, but B is 
moving down (velocity is down): FBD is 1 point 
 
Use 2nd law, IJKLM = , −:N6 = :N8, or in numerical form 

, − (456)6 = (456)8 
, − 39.20 = (456)8,								[1] 

Equation [1] has two unknowns tension T and  
acceleration a. (2 points) 

a 
v 

FBD of Box A that assumes A accelerates down incline, but A is 
moving up incline: FBD is 2 points 
Y-com – IJKLM = IQ −:R6ST;! = 0 → 

IQ = (556)9.8 :;< ST;53.1 = 29.40 
Kinetic Friction: V+ = IQ(+ = 29.40 × 0.15 = 4.410, (>	@ABCD) 
X-com 2nd law, IXKLM = :R6;YZ! + V+ − , = :R8, 

43.610 − , = (556)8.							[2] 
Equation [2] has two unknowns tension T and a. (2 points) 43.61' − ! = 5*+ ,. [2]

The solution is found by adding equation [1] and [2] to obtain
! − 39.2' + 43.61 − ! = 4*+ , + 5*+ ,
4.41' = 9*+ , → , = 0.49 ;<= , (? @ABCD)

Substituting , = 0.49 F5G into equation [1] gives ! − 39.2' = 4*+ 0.49 F5G = 41.16'. (1 point)
Students should verify the value of the tension with equation [2]. Since a > 0, our assumption is correct A accelerates down, and 
B is accelerating up.


