
Solutions PHYS1131 
 
 

Question 1 [22 marks] 
 
a) The rate of collection of energy is     

€ 

P = 550 W m2 6.00 m2( ) = 3300 W . The amount of 
energy required to raise the temperature of 1 000 kg of water by 40.0°C is: 

 

      

€ 

Q = mcΔT = 1000 kg 4186 J kg ⋅°C( ) 40.0°C( ) = 1.67× 108 J 
 

 Thus,       

€ 

PΔt= 1.67× 108 J 
 

 or 
    

€ 

Δt=
1.67×108 J

3300 W = 50.7 ks = 14.1 h. 

 
 

b) 
    

€ 

F = Nm Δv
Δt = 5005.00× 10−3 kg( ) 8.00sin45.0° − −8.00sin45.0°( )[ ] m s

30.0 s = 0.943 N  
 

 
    

€ 

P =
F 
A = 1.57 N m2 = 1.57 Pa  

 
 
 
c)  In the steady state condition,     

€ 

PAu = PAg  
 

 so that
 

    

€ 

kAuAAu
ΔT
Δx

 
 
 

 
 
 

Au
= kAgAAg

ΔT
Δx

 
 
 

 
 
 

Ag
 

 

 In this case     

€ 

AAu = AAg  
 

  
    

€ 

ΔxAu = ΔxAg

ΔTAu = 80.0−T( )
 

 

 and     

€ 

ΔTAg = T− 30.0( )  

 
 
 

 

 where T is the temperature of the junction. 
 

 Therefore,     

€ 

kAu 80.0−T( ) = kAg T− 30.0( )  
 

 And     

€ 

T = 51.2°C  
 
 
 
 
 



Question 2 [14 marks] 
 

(a)         
    

€ 

k =
F
x =

20.0 N
0.200 m= 100 N m  

 

(b) 
    

€ 

ω =
k
m = 50.0 rad s  so

    

€ 

f =
ω
2π = 1.13 Hz  

 

(c)     

€ 

vmax =ωA = 50.0 0.200( ) = 1.41 m s  at     

€ 

x = 0 
 

(d)     

€ 

amax =ω 2A = 50.0 0.200( ) = 10.0 m s2  at   

€ 

x = ±A  
 

(e) 
    

€ 

E =
1
2kA2 =

1
2 100( ) 0.200( )2 = 2.00 J  

 

(f) 
    

€ 

v =ω A2−x2 = 50.0 8
9 0.200( )2

= 1.33 m s  

 

(g) 
    

€ 

a =ω 2x = 50.0 0.200
3

 
 
 

 
 
 = 3.33 m s2  



Question 3 [24 marks] 
 
a)        
 

(i)
            

€ 

λG = 2 0.350 m( ) =
v
fG

;  
    

€ 

λA = 2LA =
v
fA

 
 

 
    

€ 

LG −LA = LG −
fG
fA

 

 
 

 

 
 LG = LG 1−

fG
fA

 

 
 

 

 
 = 0.350 m( ) 1− 392

440
 
 
 

 
 
 = 0.0382 m 

 

 Thus,     

€ 

LA = LG −0.0382 m = 0.350 m −0.0382 m = 0.312 m, 
 

 or the finger should be placed   

€ 

31.2 cm from the bridge. 
 

(ii)     
    

€ 

LA =
v

2fA
=

1
2fA

T
µ

; 
    

€ 

dLA =
dT

4fA Tµ
; 
    

€ 

dLA
LA

=
1
2

dT
T  

 

 
    

€ 

dT
T = 2dLA

LA
= 2 0.600 cm

35.0−3.82( ) cm= 3.84%  

 
b)  
 (i)     

€ 

Δx = 9.00+ 4.00− 3.00= 13− 3.00= 0.606 m 
 

 The wavelength is 
    

€ 

λ =
v
f =

343 m s
300 Hz = 1.14 m  

 

 Thus, 
    

€ 

Δx
λ

=
0.606
1.14 = 0.530 of a wave, 

 

 or   

€ 

Δφ = 2π 0.530( ) = 3.33 rad  
 

(ii) For destructive interference, we want 
    

€ 

Δx
λ

= 0.500= f Δx
v  

 

 where   

€ 

Δx  is a constant in this set up. 
    

€ 

f =
v

2Δx =
343

2 0.606( ) = 283 Hz  

 



Question 4 [20 marks] 
 
a)  
 
(i)  ν = ν0 when car is at a and c. Rises to a maximum value somewhere between b 
and c, falls to ν0 at c and continues dropping to a minimum value somewhere between 
c and d.  Then, rises again to ν0 at a. 
 
(ii)  ν = ν0 when car is at a. Rises to a maximum value at c, drops discontinuously to 
its minimum value, then rises again to ν0 at a.  Maximum and minimum values are the 
same as for part a). 
 
(iii) ν = ν0 when car is at a and c. Rises to a maximum value somewhere between b 
and c, falls to ν0 at c and continues dropping to a minimum value somewhere between 
c and d.  Then, rises again to ν0 at a. Maximum and minimum values are closer to ν0 
than in part a) and part b). (ie, Δν0 is less.) 
 
(iv) The frequency is unchanged and is equal to ν0 . 
 
b)  
 
νmax = ν0 . c/(c-s) and νmin = ν0 . c/(c+s) where c is the speed of sound. 
 


