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Abstract: In this paper, the return loss of a 20-turn axial-mode polyvinyl 
chloride (PVC)-pipe helical antenna, having the diameter of 34 mm and the 
axial length of 47 cm, is experimentally investigated across 2.4-GHz wireless 
local area network (WLAN) frequency range. A section of helical wire near 
the feed point is replaced by a thin triangular copper strip having the height of 
20 mm, performing impedance matching to 50-ohm coaxial cable.  For the 
return loss of −17 dB being as the threshold, the strip length of 30−50 mm 
satisfies that condition with the optimum at 35 mm. At that optimum, return 
loss is found to be below −20 dB. Wide allowable range of strip length makes 
this technique attractive since precise strip length is not crucial in practical 
implementation. 

1. Introduction 
 Helical antennas are widely used in many wireless applications. Different radiation 
patterns can be obtained by varying helix circumference C . Maximum radiation occurs in the 
direction of the helix axis when C is comparable to the operating wavelength λ . This mode 
of radiation is called axial mode, and it is the mode of interest in this paper. In its axial mode, 
a helical antenna radiates or receives in its axial direction better than other directions, which 
is desirable in many situations.  
 Nowadays, the use of wireless local area network (WLAN) is astonishingly widespread. 
At the present time, the most widely-used WLAN standard is IEEE 802.11g, which operates 
at the 2.4-GHz band [2]. Under some conditions, it is necessary to limit the coverage area of a 
WLAN access point (AP) in order to prevent (avoid) interference from (to) neighboring AP’s. 
Focusing the WLAN signal to the place where clients resides also provides higher WLAN 
signal quality, resulting in better connection reliability. Sometimes, it is desirable that the 
range between two WLAN devices could be extended, for example, in a rural area where 
devices are far apart. These needs can be readily achieved with the deployment of directional 
antennas at one end or both. 
 An axial-mode helical antenna is one candidate for such applications. Unfortunately, 
input impedance of a helical antenna does not match with a standard 50-ohm coaxial cable, 
used to feed the antenna [1]. This results in unacceptable return loss, which is used as the 
measure of impedance mismatch. Consequently, impedance matching is inevitable. Various 
impedance-matching techniques for a helical antenna have been proposed, such as tapering 
helical turns [3], [4], flattening a helical wire near the feed point [5], and utilizing a tapered 
transmission line as a midsection between a 50-ohm feeding coaxial cable and the antenna 
input [6], [7].  

168



 In general, a spirally-wound helical wire is surrounded by the air. However, a helical wire 
may be wound around a non-metallic pipe in order to strengthen the antenna structure, as well 
as to facilitate antenna construction, resulting in rigid and durable antenna structure. This 
makes possible the utilization of a thin triangular copper strip, replacing an early section of a 
helical wire near the feed point, as impedance matching. This type of impedance matching is 
attractive compared with the others since it is simple, and easy to implement. Detailed 
construction of this helical antenna is discussed in the next section. Reference [8] and [9] 
experimentally demonstrated this technique, however, without substantial results. In their 
experiments, a polyvinyl chloride (PVC) pipe, widely used in household water system, was 
deployed as a helical-antenna pipe supporting a helical wire. This is practically and 
economically advantageous since the PVC pipe is widely available in the market. Thus, a 
PVC-pipe helical antenna is simple to construct and inexpensive.  
 Experimental demonstrations in [8] and [9] triggered the detailed investigation of this 
impedance-matching technique. It has been shown experimentally that there exists the 
optimum length of the triangular copper strip, deployed as impedance matching [10]. Return 
loss of below −15 dB across 2.4-GHz WLAN frequency range can be obtained by deploying 
a triangular copper strip having the thickness of 0.1 mm, the length of 50 mm and the height 
of 15 mm. In [10], the outer diameter of the PVC pipe used as the helical-wire supporting 
pipe is equal to 42 mm, similar to [8] and [9]. The physical parameters of that helical antenna 
used in [10] are the wire diameter of 1 mm, the pitch angle of 12.4°, causing spacing between 
turns of 29 mm, the total number of turns of 16 turns, and the aluminium reflector of 18 cm in 
diameter to reduce the back lobe of radiation. This results in the total axial length of the 
helical antenna around 46 cm.      
 In this paper, it is experimentally shown that the impedance matching (return loss) across 
2.4-GHz WLAN frequency range of an axial-mode PVC-pipe helical antenna can be 
significantly improved by reducing the diameter of PVC pipe, in conjunction with proper 
impedance-matching thin triangular copper strip. In Section 2, the details construction of 
impedance matching, as well as the verification of axial-mode of radiation, is fully explained. 
This is followed by the discussions of experimental results in Section 3. General conclusions 
and summary remarks are contained in Section 4.    
 

2. Helical Antenna 
 The helical antenna considered in this paper deploys impedance-matching technique as 
shown in Fig. 1. The helical wire near the feed point is replaced by the triangular copper strip 
having the thickness of 0.1 mm. The length of the strip is identical to that of the helical wire 
being substituted. The height of the triangular strip is chosen to be 20 mm instead of 15 mm, 
used in [10], since larger height should results in shorter length of the impedance-matching 
strip. Consequently, alteration of the helix structure is less. Note that the impedance-matching 
strip is wound around the PVC pipe on the same manner as the helical wire being replaced. 
The corner of the strip is soldered to the inner conductor of the type-N connector while the far 
end of the strip is soldered to the remaining tip of the helical wire. Due to shine surface of the 
aluminium reflector, a PVC pipe cannot be attached securely to the reflector by using glue. 
Circular PVC base is firmly attached to the reflector by using bolts and nuts (not shown in 
Fig. 1). Then, the PVC base and the antenna pipe are simply joined together by using epoxy 
glue as shown in Fig. 1. At the end, the resultant helical antenna is strong and robust in its 
structure.  
 In this paper, the PVC pipe, deployed as the helical-antenna pipe, has the outer diameter 
of 34 mm, which is smaller than that presented in [10]. The pitch angle is still kept to 12.4° in 
order not to bias the experimental-result comparison, and the wire diameter is still equal to 1 
mm. The total number of turns for the helical antenna, investigated in this paper, is increased 
to 20 to make the total axial lengths for the antennas presented in this paper and in [10] 
approximately the same.  
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 For an air-core helical antenna to optimally radiate in the axial mode, the helix 
circumference normalized by operating wavelength C

λ
 must be within 0.8 1.2C

λ
≤ ≤  [1]. It 

should be noted, however, that the antenna, investigated in this paper, is not air-core; hence, 
this condition might not be applicable. In order to observe the effect of PVC pipe on the 
performance of the helical antennas presented in this paper and in [10], return losses are 
measured for the frequency f  from 1 GHz to 3 GHz. Results are plotted in Fig. 2 for the 
case of no impedance matching being deployed.  
 Return losses for both antennas exhibit standing-wave pattern at low frequency and high 
frequency. At low frequency, standing-wave pattern is due to the lowest-order current mode 
being the dominant mode, and the antennas radiate poorly. When the frequency is above a 
certain value, return losses for both antennas drops down sharply. That drop down 
corresponds to the transition of dominant current mode from the lowest order to the first 
order. When the frequency is beyond the frequency at which this occurs, and it is not overly 
high, antennas are in their axial mode of radiation, and return losses are relatively flat. At 
high frequency, return losses exhibit strong standing-wave pattern again.  In this frequency 
range, higher-order current modes are present, and the radiation pattern of helical antennas 
consists of a large number of lobes, which is of little interest. 
 Interestingly, the onset of axial mode of radiation for antennas, presented in this paper 
and in [10], occurs similarly at 0.65C

λ
≈ . This value of C

λ
 is not within the range for axial-

mode radiation for an air-core helical antenna, mentioned earlier. However, both antennas are 
in the axial mode since return losses do not exhibit strong standing wave pattern around 

2.4f ≈  GHz, especially for the antenna present in this paper (solid line in Fig. 2) [1]. 
According to [11], the onset of axial mode of radiation for an air-core antenna happens 
approximately at 0.72C

λ
≈ . The shift in the onset of the axial mode is mainly due to the fact 

that PVC pipe is used as the antenna core. This observation agrees with the results in [12]. 
 It is clearly seen from Fig. 2 that the helical antenna presented in this paper performs 
noticeably better than that in [10] in terms of return loss. Across 2.4-GHz WLAN frequency 
range, the return loss in the region of −14 dB can be achieved for the PVC-pipe helical 
antenna, having the pipe diameter of 34 mm, and deploying no impedance matching. This 
value of return loss is comparable to the value that can be achieved with the use of triangular 
copper strip as impedance matching for the 42-mm-diameter PVC-core helical antenna 
presented in [10]. An additional 6-dB improvement in return loss can be obtained by 
deploying the optimum triangular copper strip as impedance matching. This is discussed in 
the next section. 

 
Figure    1. Detailed construction of impedance matching by deploying a thin triangular copper strip. 

170



3. Experimental Results 
 Experiment was conducted by measuring return loss of the PVC-pipe helical antenna, 
having the parameters discusses in the previous section. The length of the triangular copper 
strip, functioning as impedance matching, is varied from 15 mm to 60 mm with the increment 
of 5 mm. Return loss was measured at the antenna feed point for each strip length. Return 
losses were measured for the frequency from 2.36 GHz to 2.54 GHz, which covers the entire 
2.4-GHz WLAN frequency range. It should be pointed out that return loss is expressed as 
negative quantity, conforming to the result obtained from the equipment, used in this 
experimental investigation. However, most texts express the return loss as positive quantity. 
The difference is merely the sign of the results. 
 Experimental results are plotted in Fig. 3 for different strip lengths, considered. It can be 
seen that without impedance-matching strip (0L =  mm), return loss is below −13 dB over 
the whole 2.4-GHz WLAN frequency range, which is approximately from 2.40 GHz to 2.48 
GHz. The return loss of −13 dB corresponds to 5% of incident power being reflected from the 
antenna, which is not considered to be poor. However, return loss can be improved further by 
properly substituting the length of helical wire near the feed point with a triangular copper 
strip. At the strip length of 25L =  mm, return loss can be made below −15 dB over 2.4-GHz 
WLAN frequency range. In fact, when the strip length is not overly short, return loss 
improves (decreases) with the increase in the strip length. At the strip length of 35 mm, return 
loss appears to be below −20 dB across 2.4-GHz WLAN frequency range. It should be noted, 
however, that return loss does not decrease monotonically with the increase in the strip 
length. When the strip length is exceedingly large, return loss increases with the increase in 
the strip length instead. For example, return loss at the strip length of 55L =  mm is worse 
than that at the strip length of 35L =  mm. 
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Figure    2. Return losses as a function of frequency f  for helical antennas, presented in this paper 
(solid line) and in [10] (dash line). 
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This implies that there exists the optimum strip length that makes lowest the return loss. 

Thus, three 2.4-GHz WLAN channels, at 2.412, 2.442, and 2.472 GHz, are selected as 
representative channels to determine the optimum strip length. The return losses of those 
three WLAN channels as a function of strip length are plotted in Fig. 4. It can be seen from 
Fig. 4 that the optimum strip length is around 35L =  mm in terms of worst-channel 
performance. At that optimum, return loss below −20 dB can be obtained across 2.4-GHz 
WLAN frequency range. When return loss of −17 dB (corresponding to only 2% of incident 
power being reflected) is selected as the threshold, strip length of the range from 30 to 50 
mm, satisfies that threshold. This broad tolerance of strip length is desirable in practice since 
it results in ease of impedance-matching implementation, making this impedance-matching 
technique attractive.  
 Return losses at different strip lengths around the optimum are plotted Fig. 5.  It is clearly 
seen that return losses are below the threshold of −17 dB, across the whole 2.4-GHz WLAN 
frequency range when strip length is within the mentioned strip-length range. This indicates 
that the triangular copper strip, replacing a section of helical wire near the feed point, works 
effectively as impedance matching for 2.4-GHz WLAN frequency range. Additionally, the 
experimental results suggest that the usable frequency range, in which return loss is within 
the acceptable level, might be beyond the considered 2.4-GHz frequency range. Thus, return 
losses are measured for the frequency, ranging from 1 GHz to 3 GHz, and they are plotted in 
Fig. 6 for the cases of no impedance matching and exploiting the triangular copper strip 
having the length of 35 mm as impedance matching. It is clearly seen that for the return loss 
roughly below −17 dB, the usable frequency range is approximately from 2.0 GHz up to 2.6 
GHz, resulting in 1.3 to 1 usable bandwidth. On the other hand, return loss cannot be better 
(lower) than −15 dB for a helical antenna, deploying no impedance matching. 
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Figure 3. Return losses at different strip lengths as a function of frequency f . 
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Figure 4. Relationship between return losses of three representative WLAN channels and 
strip lengths.  
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Figure 5. Return losses at different strip lengths around the optimum as a function of frequency , 
covering whole 2.4-GHz WLAN frequency range. 
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4. Conclusions 
 The performance of an axial-mode  PVC-tube helical antenna is investigated in terms of 
its return loss across 2.4-GHz WLAN frequency range. Impedance matching is accomplished 
by replacing a helical wire near the feed point with a thin triangular copper strip having the 
same length. Although the triangular copper strip may not represent an optimum solution for 
impedance matching for a helical antenna, that strip is simple in its design and 
implementation, compared with other proposed techniques. The height of impedance-
matching triangular strip used in the experiment is selected to be 20 mm. With this 
impedance-matching technique, return loss below −17 dB over 2.4-GHz WLAN frequency 
range can be realized for the strip length ranging from 30 to 50 mm with the optimum at 35 
mm. At the optimum, return loss can be made lower than −20 dB across 2.4-GHz WLAN 
frequency range. It is clearly seen that the antenna with impedance matching, presented in 
this paper, performs better that in [10]. Wide allowable strip-length range is favorable for 
practical implementation of this impedance-matching technique since minor error in strip 
length around the optimum does not result in severe return-loss degradation. Moreover, return 
loss lower than −17 dB can be obtained across the frequency range of 2.0 GHz to 2.6 GHz at 
the mentioned optimum length of 35 mm. 
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Figure 6. Relationship between return losses and frequency for the cases of no impedance-
matching and 35-mm-length triangular copper strip. 

174



References 
[1] J. D. Kraus, “The Helical Antenna: Axial and Other Modes, Part II,” in Antenna for All 
Applications, 3rd Ed., McGraw-Hill, New York, 2003, ch. 8, pp. 250−303. 
[2] Wireless LAN Network. [Online]. Available: http://en.wikipedia.org/wiki/Wireless_LAN 
[3] J. L. Wong, and H. E. King, “Broadband Quasi-Taper Helical Antennas,” IEEE Trans. Antennas 
Propagat., vol. AP-27, no. 1, pp. 72−78, Jan. 1979. 
[4] D. J. Angelakos, and D. Kajfez “Modifications on the axial-mode helical antenna,” Proc. IEEE, 
vol. 55, no. 4, pp.558−559, Apr. 1967. 
[5] J. D. Kraus, “A 50-Ohm input impedance for helical beam antennas,” IEEE Trans. Antennas 
Propagat., vol. AP-25, no. 6,pp. 913, Nov. 1977. 
[6] S. P. Manthur, A. K. Sinha, and A. K. Sinha, “Design of microstrip exponentially tapered lines to 
match helical antennas to standard coaxial transmission lines,” Proc. IEE, vol. 135,Pt. H, no. 4, pp. 
272−274, Aug. 1988. 
[7] G. N. Tsandoulas, “The Linearly tapered transmission line as a matching section-high and low-
frequency behavior,” Proc. IEEE, vol. 55, no. 9, pp. 1658−1659, Sep. 1967. 
[8] J. Hecker (2003, Jan.). How to Make a Simple 2.425GHz Helical Aerial for Wireless ISM Band 
Devices. [Online]. Available: http://www.wireless.org.au/~jhecker/helix  
[9] R. D. Besten (2008, Jan.).  Helical/Helix Antenna Cookbook Recipe for 2.4 GHz Wavelans and/or 
WiFi Applications. [Online]. Available: http://helix.remco.tk 
[10] V. Wongpaibool, “Experiment on triangular copper-strip as impedance matching for 2.4-GHz 
helical antenna,” Assumption University Journal of Technology, vol. 11, no. 4, pp. 209−214, Apr. 
2008. [Online]. Available: http://www.journal.au.edu/au_techno/2008/apr08/journal114_article03.pdf. 
[11] J. A. Marsh, “Current distributions on helical antennas,” Proc. IRE, vol. 39, no. 6, pp. 668−675, 
Jun. 1951. 
[12] D. E. Baker, “Design of a broadband impedance matching section for peripherally fed helical 
antenna,” Antenna Applications Symposium, University of Illinois, Sept. 1980. 
 

175



 
 
    
   HistoryItem_V1
   StepAndRepeat
        
     Create a new document
     Trim unused space from sheets: no
     Allow pages to be scaled: yes
     Margins and crop marks: none
     Sheet size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Sheet orientation: tall
     Scale by 70.00 %
     Align: centre, independent
      

        
     0.0000
     10.0000
     20.0000
     0
     Corners
     0.3000
     ToFit
     1
     1
     0.7000
     0
     0 
     1
     0.0000
     1
            
       D:20090220155849
       685.9843
       statsfomat
       Blank
       467.7165
          

     Tall
     429
     264
     0.0000
     C
     1
            
       PDDoc
          

     0.0000
     0
     2
     0
     1
     0 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: extend top edge by 28.35 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     475
     307
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Bigger
     28.3465
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     256
     255
     256
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: extend bottom edge by 127.56 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     475
     307
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Bigger
     127.5591
     Bottom
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     256
     255
     256
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all odd numbered pages
     Trim: extend right edge by 127.56 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     475
     307
     None
     Up
     0.0000
     0.0000
            
                
         Odd
         AllDoc
              

       PDDoc
          

     Bigger
     127.5591
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     256
     254
     128
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all even numbered pages
     Trim: extend left edge by 127.56 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     475
     307
     None
     Up
     0.0000
     0.0000
            
                
         Even
         AllDoc
              

       PDDoc
          

     Bigger
     127.5591
     Left
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     256
     255
     128
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 80 to page 80
     Font: Times-Roman 10.0 point
     Origin: bottom right
     Offset: horizontal 238.11 points, vertical 164.41 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BR
     
     70
     TR
     1
     0
     818
     103
     0
     10.0000
            
                
         Both
         1
         80
         SubDoc
              

       CurrentAVDoc
          

     238.1102
     164.4094
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     79
     258
     79
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 80 to page 80
     Font: Times-Roman 9.0 point
     Origin: bottom right
     Offset: horizontal 235.28 points, vertical 161.57 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BR
     
     70
     TR
     1
     0
     818
     103
     0
     9.0000
            
                
         Both
         1
         80
         SubDoc
              

       CurrentAVDoc
          

     235.2756
     161.5748
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     79
     258
     79
     1
      

   1
  

    
   HistoryItem_V1
   DelPageNumbers
        
     Range: current page
      

        
     1
     480
     359
            
                
         CurrentPage
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     79
     258
     79
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 80 to page 80
     Font: Times-Roman 8.5 point
     Origin: bottom right
     Offset: horizontal 232.44 points, vertical 161.57 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BR
     
     70
     TR
     1
     0
     818
     103
     0
     8.5000
            
                
         Both
         1
         80
         SubDoc
              

       CurrentAVDoc
          

     232.4409
     161.5748
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     79
     258
     79
     1
      

   1
  

    
   HistoryItem_V1
   DelPageNumbers
        
     Range: current page
      

        
     1
     480
     359
            
                
         CurrentPage
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     79
     258
     79
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 80 to page 80
     Font: Times-Roman 8.0 point
     Origin: bottom right
     Offset: horizontal 229.61 points, vertical 161.57 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BR
     
     70
     TR
     1
     0
     818
     103
     0
     8.0000
            
                
         Both
         1
         80
         SubDoc
              

       CurrentAVDoc
          

     229.6063
     161.5748
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     79
     258
     79
     1
      

   1
  

    
   HistoryItem_V1
   DelPageNumbers
        
     Range: current page
      

        
     1
     480
     359
            
                
         CurrentPage
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     79
     258
     79
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 82 to page 101; only even numbered pages
     Font: Times-Roman 8.0 point
     Origin: bottom right
     Offset: horizontal 229.61 points, vertical 161.57 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BR
     
     72
     TR
     1
     0
     818
     103
     0
     8.0000
            
                
         Even
         20
         82
         SubDoc
              

       CurrentAVDoc
          

     229.6063
     161.5748
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     81
     258
     99
     10
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 136 to page 142; only even numbered pages
     Font: Times-Roman 8.0 point
     Origin: bottom right
     Offset: horizontal 229.61 points, vertical 161.57 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BR
     
     126
     TR
     1
     0
     818
     103
     0
     8.0000
            
                
         Even
         7
         136
         SubDoc
              

       CurrentAVDoc
          

     229.6063
     161.5748
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     135
     258
     141
     4
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 156 to page 162; only even numbered pages
     Font: Times-Roman 8.0 point
     Origin: bottom right
     Offset: horizontal 229.61 points, vertical 161.57 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BR
     
     146
     TR
     1
     0
     818
     103
     0
     8.0000
            
                
         Even
         7
         156
         SubDoc
              

       CurrentAVDoc
          

     229.6063
     161.5748
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     155
     258
     161
     4
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 81 to page 81; only odd numbered pages
     Font: Times-Roman 8.0 point
     Origin: bottom left
     Offset: horizontal 229.61 points, vertical 161.57 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BL
     
     71
     TR
     1
     0
     818
     103
     0
     8.0000
            
                
         Odd
         1
         81
         SubDoc
              

       CurrentAVDoc
          

     229.6063
     161.5748
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     80
     258
     80
     1
      

   1
  

    
   HistoryItem_V1
   DelPageNumbers
        
     Range: current page
      

        
     1
     480
     359
            
                
         CurrentPage
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     80
     258
     80
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 83 to page 102; only odd numbered pages
     Font: Times-Roman 8.0 point
     Origin: bottom left
     Offset: horizontal 229.61 points, vertical 161.57 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BL
     
     73
     TR
     1
     0
     818
     103
     0
     8.0000
            
                
         Odd
         20
         83
         SubDoc
              

       CurrentAVDoc
          

     229.6063
     161.5748
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     82
     258
     100
     10
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 137 to page 143; only odd numbered pages
     Font: Times-Roman 8.0 point
     Origin: bottom left
     Offset: horizontal 229.61 points, vertical 161.57 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BL
     
     127
     TR
     1
     0
     818
     103
     0
     8.0000
            
                
         Odd
         7
         137
         SubDoc
              

       CurrentAVDoc
          

     229.6063
     161.5748
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     136
     258
     142
     4
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 157 to page 163; only odd numbered pages
     Font: Times-Roman 8.0 point
     Origin: bottom left
     Offset: horizontal 229.61 points, vertical 161.57 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BL
     
     147
     TR
     1
     0
     818
     103
     0
     8.0000
            
                
         Odd
         7
         157
         SubDoc
              

       CurrentAVDoc
          

     229.6063
     161.5748
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     156
     258
     162
     4
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 228 to page 228; only even numbered pages
     Font: Times-Roman 8.0 point
     Origin: bottom right
     Offset: horizontal 229.61 points, vertical 161.57 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BR
     
     218
     TR
     1
     0
     818
     103
     0
     8.0000
            
                
         Even
         1
         228
         SubDoc
              

       CurrentAVDoc
          

     229.6063
     161.5748
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     227
     258
     227
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: cut top edge by 28.35 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     1
     No
     760
     385
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Smaller
     28.3465
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     258
     257
     258
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut bottom edge by 127.56 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     760
     385
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Smaller
     127.5591
     Bottom
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     258
     257
     258
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all odd numbered pages
     Trim: cut right edge by 127.56 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     760
     385
     None
     Up
     0.0000
     0.0000
            
                
         Odd
         AllDoc
              

       PDDoc
          

     Smaller
     127.5591
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     258
     256
     129
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all even numbered pages
     Trim: cut left edge by 127.56 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     760
     385
     None
     Up
     0.0000
     0.0000
            
                
         Even
         AllDoc
              

       PDDoc
          

     Smaller
     127.5591
     Left
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     258
     257
     129
      

   1
  

    
   HistoryItem_V1
   DefineBleed
        
     Range: all pages
     Request: remove bleed info
      

        
     0.0000
     1
     0.0000
     0.0000
     810
     337
     0.0000
     Remove
            
                
         Both
         AllDoc
              

      
       PDDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     258
     257
     258
      

   1
  

 HistoryList_V1
 qi2base





